
ABSTRACT

TARANT, STEPHANIE ANN. Predicting Retention of Recent College Graduates In Science
and Engineering: Implications For States and Organizational Recruiting Practices.  (Under
the direction of Denis O. Gray.)

Today’s labor force is more mobile than any cohort in recent history.  Labor force

mobility and state level retention can have profound effects on the economy of a state.  It is

necessary for organizations to both effectively retain their own talent as well as to attract top

talent from other states.  Understanding the individual level factors that predict who will

move and who will stay in-state after graduating from college is important for policy makers

and organizations looking to tailor their recruiting efforts in order to maximize their efforts to

attract and retain top talent in science and engineering fields.  The present study examined

data collected by the National Science Foundation in their National Survey of Recent College

Graduates (NSRCG:1997) to determine factors that predict state retention of high school and

most recent college degree recipients in science and engineering fields.  Logistic regression

was used to analyze two dichotomous dependent measures of retention, high school degree

and most recent college degree.  Results found support for a core set of predictors common to

both measures; they include race, college major, annual salary, and stayers (those who stayed

in-state to attend college).  In addition, undergraduate GPA predicted retention at the high

school level while respondent age and citizenship predicted retention/ most recent degree.

By far, stayers had the largest effect on retention for both dependent measures.
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1
TECHNOLOGY AND THE NEW ECONOMY

The onslaught of technological innovation in this country is forcing a rapid change in

the nature of the American economy.  Until recently, this country operated under an economy

that was dominated primarily by manufacturing.  Today, the U.S. economy is steadily

moving away from manufacturing and moving towards an economy dominated by

information and service.  The state of the 'new economy' is being built around talented people

with special knowledge and skill, much more so than historical economic plans, and the shift

from goods-producing jobs to jobs in the service sector is projected to continue into the next

millennium.  The Bureau of Labor Statistics projects the growth rate for jobs requiring a

college degree to proliferate at a rapid rate (Fullerton, 1995).  As a result, higher numbers of

jobs are being created that require greater academic preparation (Plane & Rogerson, 1994).

Even vocational or traditionally blue-collar jobs are beginning to require more advanced

knowledge and higher skill levels than ever before.  As this shift continues, organizations are

becoming increasingly reliant on people with scientific and technical expertise and it has

become apparent that work-force needs of the future are radically different than those of even

the recent past.

Although there are dramatic differences in regional and interstate participation in the

new economy there are general factors that help clarify and define the nature of the changing

economy.  In a recent study Tornatzky, Gray, Tarant, and Howe (1998) described several key

characteristics of the new economy.  The first of these characteristics relates to the fact that

economic growth in this country is becoming increasingly tied to technology.  In terms of

percentage of sales, U.S. firms have doubled their R&D intensity over the last 15 years and

technology-based companies and industries are gaining international market share at a much
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faster rate than other industries.  Second, advances in transportation and communications

technologies have enabled U.S. industries to spread across national boarders and create a

global economy that thrives on international competition.  Third, small entrepreneurial

companies are becoming increasingly important in the state of the new economy, as they

have begun to account for a disproportionate share of job creation, new product innovations,

and aggressive positioning in international markets.  The fourth and perhaps most important

characteristic of the new economy is the high premium that is now placed on highly trained

and skilled workers that have backgrounds in scientific and technical disciplines (Tornatzky,

Gray, Tarant, Howe, 1998). There are a variety of issues that are specifically related to the

supply and demand of manpower in the new economy.  These issues include education,

human resources, and the decision matrix involved in the science and engineering pipeline.

The following is a brief discussion of these issues.

ISSUES RELATED TO MANPOWER AND THE NEW ECONOMY

Education

Education rates directly affect the supply of manpower trained in highly technical

fields.  As the basis of the economy continues to shift toward information and services, all

levels of education are undergoing revolutionary changes.  Information technologies are

changing the ways in which instruction is delivered in the classroom.  Students are now

required to have a certain level of computer mastery before they are permitted to matriculate.

Education systems across the country are increasing the number of computers in individual

elementary and secondary classrooms, and many colleges and universities now require their

freshmen to posses their own personal computers.  Similarly, instruction is no longer

restricted to the confines of the classroom.  Advances in communications and information
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technologies have made education accessible to individuals in remote areas, at flexible times,

and to a much broader audience than traditional instruction.  The economic shift towards

information and services requires more cognitive ability than was once required by a

manufacturing focus.  As a result of these higher cognitive requirements, scientists and

engineers of the future should be trained not just to think, but to be versatile problem solvers’

in a multitude of situations (Brennan, 1997).  Education, particularly in the science and

engineering fields should foster creativity, flexibility, problem-solving abilities, and

communication skills that will prepare students for employment prospects in a variety of

settings (Wilkinson, 1998; Regets, 1997; Brennan, 1997).

The number of students educated in a given field has a direct effect on the subsequent

labor supply in that field.  There has been a great deal of controversy surrounding the size of

the future labor pool in scientific and technical fields, and the issue of whether enough PhDs

are being produced for the number of slots that is likely to be available to them has been

widely debated.  In the 1970’s, the number of international students pursuing physical

science PhDs at U.S. Universities increased.  Later, employment opportunities from foreign

countries for students with baccalaureate and master’s degrees began having a competitive

impact on the growth of doctoral engineering programs in the United States, and the demand

for these professionals in both academic and industrial settings continues to grow.  This high

international demand for science and engineering PhDs led the National Science Foundation

to “trigger alarms" about a PhD shortfall predicted for the early twenty-first century.

Although PhD production was growing from about 19,000 a year between 1976 and 1986 to

26,000 in 1995, great concern was noted for the decreased rate of growth rather than for the

actual number of degrees produced (National Science Board, 1998; Salters, 1997).
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The ‘philosophical’ answer regarding the number of PhDs being produced is that

there can never be too many well-educated people in a technological society.  As eluded to

earlier, the number of people educated in a given field affects the size of the human resource

pool from which organizations have to select their employees.  The following discussion

describes the impact that the supply of human resources has on the state of the new economy.

Human Resources

Our nation’s economic performance and security depend on several key factors,

including the ability to make better use of our human resources in science and engineering.

A strong partnership between science, technology and the federal government could

accelerate the movement of ideas from the laboratory and facilitate the use of new

technologies throughout the economy (Committee on Science, Engineering & Public Policy,

1993).  At the present time, the government is responsible for planning, budgeting, and

reviewing the nations’ policies to promote science and engineering research and

development, but is ill equipped to mange the process of personnel development and

placement.  The benefits of efficiently utilizing our human resources (i.e. science and

engineering personnel) would contribute to our national objectives for a competitive

knowledge based economy.

Human resource issues related to manpower are typically at the top of most companies list of

pressing business issues, particularly if they are in the position to hire scientists and

engineers during this would be “shortage”.  The number of recruiting sources available to

organizations is limited.  Successful recruiting strategies are of immense importance for

staffing organizations with top quality employees.  In an ideal situation, there should be

enough applicants that recruiters have the freedom to choose among a qualified pool, and
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applicants that are selected should be an exact match for the position to be filled.  To do this,

companies use a variety of screening techniques including, interviews, aptitude and ability

tests, personality measures, work sample tests, application blanks, reference and academic

record checks (Jewell & Siegall, 1990).  The number of potential employees that are obtained

by the recruiting process directly affects the stringency of the requirements established for

the job and the caliber of those who are finally hired.  It is no longer sufficient to look in your

own back yard so-to-speak for a supply of quality applicants.  Companies must now conduct

national searches for even basic level jobs.  If there is a shortage of applicants and the job

must be filled in a few weeks, some standards will have to be lowered.  It is necessary to

monitor the labor supply because jobs change and the characteristics of job applicants also

change.

Companies expect that new entries have all the academic skills needed to promote the

company’s success.  Organizations typically look for applicants that have been trained in an

academic area relevant to the job.  The number of individuals entering an educational

program, completing it to degree, and entering the workforce is called the pipeline.  The

following discussion describes the impact of the science and engineering pipeline on the state

of the new economy.

Science and Engineering Pipeline

The condition of the U.S. science and engineering infrastructure is critical to the

health of the new U.S. economy.  Scientists and engineers contribute to the development of

new products, offer improvements in productivity, enhance defense capabilities, provide

environmental protection, and drive advances in communications and health care (Braddock,

1992).  Time and time again, industry leaders note that the biggest problem firms face today
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is the inadequate supply of high-skilled labor.  Employers find it difficult to fill technical jobs

requiring complicated training and technical skills (American Electronics Association, 1997).

A shortage of highly skilled quality workers does not contribute to our national objectives for

a competitive knowledge based economy.  Dolittle (1996) described the science and

engineering pipeline as a long-term dynamic and complex process that involves a series of

decisions about one’s education and career path.  This complex decision matrix defines the

process by which individuals enter, go through, and leave the science and engineering

educational system and workforce.

The number of entrants into the college and university system and the enrollment rate

for students in science and engineering fields in the U.S. education system has been declining

since the mid 1980’s (National Science Board, 1998).  This trend is expected to reverse and

college enrollment is expected to increase in the year 2000 when the children born to baby-

boomers reach college age (Dolittle, 1996).  However, this projection should be conveyed

with caution.  An increase in the general college population does not necessarily indicate an

increase in the enrollment rates of individuals in science and engineering professions.

There are several reasons that enrollment in science and engineering fields may be

declining.  First, economic and demographic factors affect choices of college major and the

types and numbers of degrees that are ultimately awarded.  Finn & Baker (1993) found that

there is a lagged-relationship of approximately five years between students’ choice of college

major and market salary data.  This lag is a result of the fact that students do not have

information about future job opportunities and salaries therefore; their choice of college

major is influenced by wages and job openings available at the time they declare a major.

For example, if engineers are in high demand and being paid well in the field, students will
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be attracted to those fields of study.  However, if a given field is saturated and lacks

competitive starting salaries, students will tend to avoid choosing to major in that field (Finn

& Baker, 1993; Braddock, 1992).  Another reason for declining enrollment in specifically

science and engineering fields is the increased participation of women and minorities in the

college and work force populations.  Although these workers are increasing in the general

workforce, they are still under-represented in science and engineering fields of study and in

the employment sector (more will be said on this subject in later sections).

Although the information presented so far has described a deficit in the number of

scientists and engineers projected for the early twenty-first century, there are others who

argue that this is not the case (Braddock, 1992; Finn & Baker, 1993).  Studies predicting a

science and engineering shortfall can be criticized for several reasons.  First, studies

declaring widespread shortfalls base their generalizations solely in terms of a declining

supply in a particular field of science and / or technology.  When we look at all scientists and

engineers, the picture may be quite different.  Studies have also been criticized for assuming

that future demand will mirror present day demand, and as we have already seen things

change, jobs change and characteristics of workers change.  Studies have been further

criticized for using simple comparisons between projected degrees with past performance of

degree awards.  Simple comparisons seriously distort future projections.  Projections of

future supply and demand ratios should account for all factors in the economic and industrial

environment that may predict future needs more accurately than simple head counts.

Projections of future supply and demand vary greatly.  To date, there is no way to

predict future shortages or surpluses of scientists and engineers with a high degree of

accuracy.  Tobias, et. al. (1995) asserts that “given the time lag in producing scientists…it is
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particularly hard to predict, no less adjust, supply and demand.”  There are many ways in

which information regarding labor market trends and population movement can be obtained.

The following sections describe the key aspects of demographic studies and provide a brief

description of general workforce trends in recent years.

DEMOGRAPHIC & POPULATION STUDIES

Demographic and population studies provide us with some useful insight into

characteristics of the labor force.  Demographers study population and are able to provide us

with general information regarding the mobility or migration patterns of college graduates.

Population research is highly interdisciplinary.  Demography is the statistical study of

population, whereas Population Studies is a broader term that incorporates many approaches

other than the purely statistical.  Within the academic discipline of geography, population

studies assume an important role.  For the geographer, the locational dimension assumes

principal importance.  Although spatial studies of fertility and mortality patterns can be found

in the geographic literature, the largest body of population research by geographers by far

focuses on the migration component of population change.  The geographical analysis of

population entails two important related concepts: population distribution (geographic pattern

of the location of people or people within a specific area) and population composition

(characteristics of people within a specific area) (Long, 1988; Plane & Rogerson, 1994).

Because of its complexity, migration is often the most difficult component of population

change to accurately model and forecast (Long, 1988; Plane & Rogerson, 1994).  While

demographic literature has the possibility of providing us with useful information about the

general workforce, there has been very little empirical study focusing specifically on

scientists and engineering graduates in the workforce.
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Since the science and technology work force is greatly affected by the total labor

population, it is helpful to first understand general labor force dynamics.  The following

section provides a brief description of trends in the general labor force.

CHARACTERISTICS OF THE AGGREGATE LABOR FORCE

Typically, changes in the composition of the labor force result from persons entering,

leaving, or staying in the labor force (Fullerton, 1995).  Changes in the general labor force

may be better understood if they are decomposed into two components: changes in the labor

force population and rates of participation (Long, 1988; Plane & Rogerson, 1994; Fullerton,

1995).

Population changes.  The population is an important component of labor force

change.  During the last 2 decades, there were about the same changes for men and women of

the same age (Fullerton, 1995).  In general, the population of younger workers (aged 16-24)

is declining while the population of older workers (aged 25-54) is increasing (Fullerton,

1995).  These changes reflect the aging "baby-boom" generation and the subsequent smaller

cohort entering the labor force after them.  Similarly, population projections indicate a

decline in the size of the college population until the year 2000, when children of the baby-

boom generation finish college and will begin to enter the workforce (Dolittle, 1996;

Braddock, 1992).

Participation rate changes.  As expected, changes in the population directly effect

the rate of growth for labor force participation.  The growth of labor force participation

witnessed in the early 1980s reflected increased involvement of women, and the effect of

aging baby boomers graduating to age groups typically characterized by higher participation

rates (Schlottmann & Herzog, 1984; Fullerton, 1995; Plane & Rogerson, 1994).
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In the last two decades, the labor participation rate of men has continued to decline,

while that of women has steadily increased.  By 2005, the rate of growth in the women’s

labor force is expected to slow down, but still increase at a faster rate than that of men

(Fullerton, 1995).  Because there are fewer men entering the workforce and fewer women

leaving the workforce, women are expected to comprise almost half (47.8 %) of the entire

workforce population by 2005 (Fullerton, 1995).  Similarly, the labor force participation rates

of minorities including African Americans, Hispanics, and Asian/ others are also projected to

increase in the 2005 workforce (Fullerton, 1995).

In general, annual participation rates projected for the 2005 work force are expected

to decline from 1.5% to 1.3% (Horton & Anderson, 1994; Fullerton, 1995).  Now that we

have a general sense of the dynamics of the general workforce population, we can examine

specifics in the science and engineering fields.  The following sections will examine specific

characteristics of the science and engineering workforce by subgroups.

CHARACTERISTICS OF THE SCIENCE AND ENGINEERING LABOR FORCE

This review of data on the size, composition, and growth rates of the science and

technology labor force is not intended to be comprehensive.  The primary purpose of this

review is to set in context, the characteristics of the supply and demand of scientists and

engineers in the state of the new economy.

Understanding characteristics of the science and engineering segment of the

workforce will paint a clearer picture of future economic success.  Specifically,

understanding these characteristics within subgroups will allow us to more accurately

determine where there are acute shortages in this segment of the workforce.  Merely stating

that there is a shortage or surplus is not in-and-of itself informative.  For example, although
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the total number of scientists may be high, you cannot have any scientist working as a

nuclear scientist.  They must be trained in a specific area of content.  To better understand the

issues surrounding supply and demand of this specialized population, the following section

will discuss the disparity between the number of science and engineering degree recipients

who are working in related and unrelated jobs.  Subsequent sections will examine segments

of the science and engineering workforce by gender, level of degree, field of major, and

foreign nationals, describing relevant characteristics for each.

Job Related to Field of Degree?

Not all students granted degrees in science and engineering actually enter the field

(Braddock, 1992; Regrets, 1995; Blumenthal & Wilkinson, 1998).  For example, large

portions of those receiving bachelor’s degrees in natural science become teachers or enter

medical or dental school.  There are almost twice as many people with degrees in science and

engineering that are actually employed in non-science and engineering occupations

(Blumenthal, & Wilkinson, 1998).  Compared to the 2.6 million science and engineering

degree holders working in the field in 1995, approximately 4.7 million people whose highest

degrees were in science and engineering fields were working in non-science and engineering

occupations (Blumenthal, & Wilkinson, 1998).  It seems odd that although the high-

technology industry, generates well-paying, productive, and internationally competitive jobs

across the country, a large percentage of individuals with science or technical degrees chose

to work in non-degree related occupations.  These individuals are typically employed in

fields such as management/ administration, sales and marketing, and other non- science and

engineering related teaching fields (Regets, 1997; NSF 1996; American Electronics

Association, 1997; Blumenthal & Wilkinson, 1998).
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To further our understanding of the supply and demand issues that affect the mobility

of this special population, the following sections will examine the size, composition and

growth of the science and engineering workforce by gender, level of degree, field of major,

and percentage of foreign nationals earning U.S. degrees.

Gender Issues

The demographic make-up of scientists and engineers has undergone dramatic changes in the

last thirty years.  Increased participation of women and minorities in the workforce

necessitates that positions in these fields no longer be reserved exclusively for white middle

class men.  Still, while women and minorities are rapidly becoming key players in the

technical arena they continue to be under-employed and under-represented in scientific and

technical occupations when compared to overall employment trends.  Women constitute 51%

of the U.S. population and 46% of the U.S. labor force, but only 22% of the scientists and

engineers in the labor force (National Science Foundation, 1996).  Within science and

engineering, women are more highly represented in some fields than in others: 50%

Sociology or Psychology; 9% Physicists; 8% Engineers (National Science Foundation,

1996).  Women scientists are more likely than men to be employed in academia.  However,

within academia, those in specifically science and engineering fields are still predominantly

male (National Science Foundation, 1996).  The National Science Foundation reports that

women are less likely to be engaged in funded research, be a principal investigator, or to

have published books or articles.  Women in science and engineering also tend to be more

highly represented in fields with lower average salaries, such as social sciences (National

Science Foundation, 1996).



13
In terms of gender differences related to degree awards, women that graduate with a

baccalaureate degree in science or engineering are less likely to be in the labor force, be

employed full time, or to be employed in their major-field than are men (National Science

Foundation, 1996).  Differences by gender begin to diminish when we compare men and

women with advanced degrees.  Women and men PhDs working in industry and having

similar number of years of professional experience are equally likely to be in management

positions (National Science Foundation, 1996).

Interestingly, recent studies have found that the qualifications of men and women

doctoral recipients beginning careers in science are now similar in three important respects

(Zuckerman, et. al., 1991).  First, the intellectual caliber of men and women, measured by

standardized tests and academic performance, is remarkably similar.  Women do as well, or

better, on such tests as men.  However, measured ability seems unrelated to research

performance in science (Zuckerman, et. al., 1991).  Second, overall, the proportions of men

and women getting degrees from top ranking research university departments do not differ.

These similarities are seen when departmental rankings are measured by receipt of research

funds or by ratings of the quality of doctoral programs.

The third similarity of recent doctoral recipients is that men and women are now

much the same age when they receive their doctoral degrees.  In 1981, the median ages of

men and women receiving doctoral degrees were 30.3 years and 31 years respectively, with

variation among fields.  In the mid 1960s, new women PhDs were markedly older, 30.9 years

of age for men and 32.5 for women.  Historically, it has taken women longer to get their

degrees, and more women than men were forty or more by the time they received their

doctoral degree.  By 1981, women were beginning to catch up, and only in the medical
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sciences did we see women beginning careers substantially later than men.  In all other fields,

their ages were approximately the same- that is, within a year of one another (National

Science Foundation, 1996).  Differences tend to appear within certain fields.  For example,

significantly fewer women than men get degrees from top ranked departments in

mathematics and physics but significantly fewer men than women get degrees from top

departments in microbiology and psychology (National Science Foundation, 1996).  The

economic importance of retaining and using women as human capital is becoming more

widely recognized (Green, 1997).

Degree Level (BS/MS/PhD)

Another way to look at supply and demand for this segment of the workforce is by

level of degree.  Of the 3.2 million individuals in the science and engineering workforce of

1995, 83% (2.6 million) received their highest degree in a science or engineering field

(Wilkinson, 1998).  Of those working in science or engineering jobs, 58% were held by

individuals with a bachelors degree, 28% held a masters degree, and only 13% held doctoral

level degrees (Blumenthal, & Wilkinson, 1998).

 By far, the private sector is the largest employer of science and engineering workers

at the baccalaureate and masters levels while the academic sector is the largest employer of

PhD recipients (Wilkinson, 1998).  Median annual salaries for those employed full-time in

science and engineering occupations is $48,000 for individuals with a baccalaureate degree,

$53,000 for those with a master’s degree, and $58,000 for those with a PhD (Wilkinson,

1998; Blumenthal, & Wilkinson, 1998; National Science Board, 1998).  The American

Chemistry Society annual survey of starting salaries suggests that new PhDs with previous

work experience have an advantage in finding permanent employment (Brennan, 1997).  For
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PhDs in general, salaries are higher in engineering and math/ computer science fields

(~$70,000) and lower in the social sciences (~$53,000) (Regets, 1997; National Science

Board, 1998; Blumenthal & Wilkinson, 1998).  There is also a substantial salary gap between

men and women with science and engineering PhDs.  A majority of this gap (90%

or~$13,000) can be explained by individual differences including: years from doctorate,

degree field, individual background, work-related employee characteristics, employer

characteristics, and type of work performed (National Science Board, 1998; National Science

Foundation, 1996).

A study by Ellis (1990) indicates that rankings of the states and universities that

produce the most engineers do not change much from one year to the next.  California and

New York remain the largest producers of engineering degrees at every level (B.S., M.S.,

PhD).  At the institution level, for three years in a row, the University of Illinois- Urbana was

the largest generator of bachelor’s degrees.  Stanford and Johns Hopkins remain in the first

and second positions as the top producers of master’s degrees, and MIT continues to be the

leading producer of engineering PhDs.  At the graduate level, the number of master’s and

doctoral degrees increased, but at a notably slower rate (Ellis, 1990).

In the last thirty years, the percentage of women earning science and engineering degrees has

seen a steady increase at all levels (B.S.= 20%, M.S.= 23%, PhD= 22%) (National Science

Foundation, 1996).  Minorities are also earning more degrees in these traditionally white

male occupations than ever before.  The number of Asians earning science and engineering

degrees at every level has actually doubled since 1985, making them the fastest growing

segment of the science and engineering population (National Science Foundation, 1996).

Hispanics and African Americans are the second largest minority groups earning degrees in
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science and technology fields at all levels.  Similar trends have been witnessed in the number

of foreign citizens earning U.S. degrees in science and technology.  While the number of

foreign citizens earning a bachelors degree jumped from ~8,000 in 1977 to almost 15,000 in

1995, the number of masters degrees skyrocketed from ~8,000 to a little over 21,000 in the

same time period (National Science Board, 1998).

The effects of supply and demand on scientists and engineers at differential degree

levels could have a significant impact on the migration or mobility of this strategic

population.  Knowledge of these differences could have implications for organizations

looking to staff their firms with individuals at a certain degree level.

Field of Major

Like most occupations, scientific and technical occupations are disproportionately distributed

across industries.  There are more scientific occupations than engineering occupations and

within each, the number and type of jobs vary widely.  As a result, the growth of certain

industries has a significant impact on the employment growth for workers in these fields.  For

scientist, engineers and technicians as a group, growth over the 1990-2005 period is

projected to range from 9 to 59 percent (Braddock, 1992).  Among individual occupations,

the groups of scientific and technical occupations that are projected to have the fastest rates

of growth include computer, mathematical and operations research analysts, and computer

systems scientists and engineers (National Science Board, 1998; Braddock, 1992).  The

following sections describe individual fields of study within the science and engineering

workforce.

Computer and Mathematical Scientists.  By 2006, computer and mathematical related

occupations are projected to grow faster than all other occupations in the science and
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technology fields combined (National Science Board, 1998; Braddock, 1992).  Growth in this

area is expected for computer systems analysts, computer scientists and engineers, and for

operations research analysts.  Whirlwind advancements in technology has led economists to

project computer and mathematical occupations to be among the ten fastest growing

occupations in the economy of the early twenty first century (National Science Board, 1998;

Braddock, 1992).  Following engineers, computer and mathematical scientists represented

the second largest group (30%) employed in science and engineering of the total science and

engineering workforce (3.2 million) employed in 1995 (National Science Board, 1998;

Wilkinson, 1998).  The majorities (72%) of computer and math scientists were employed in

private sector organizations in 1995 (National Science Board, 1998).

Engineers.  Engineers represented 42% (1.34 million) of the almost 3.2 million

people employed in science and engineering occupations in 1995 (National Science Board,

1998; Wilkinson, 1998).  Although lower defense spending has had a significant impact on

the expected employment growth of engineers, projections indicate that this segment of the

workforce will have substantial growth in the 2006 market (Braddock, 1992; National

Science Board, 1998).  Within the field of engineering, the number of jobs for electrical

engineers was projected to have the highest growth rate (National Science Board, 1998). The

majorities (76%) of general engineers were employed in private sector organizations in 1995

(National Science Board, 1998).

Life Scientists. Life scientists accounted for 9.5% of the total science and engineering

workforce (3.2 million) employed in science and engineering occupations in 1995 (National

Science Board, 1998; Wilkinson, 1998).  Moderate growth has been projected for this

domain.  Growth in this area is attributable to the expansion in medical and biotechnological
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research, and to employment related to environmental protection.  Although the domain of

life scientists is expected to grow at a moderate rate in the 2006 market, employment growth

in this area is in areas that do not have a high concentration of scientists and engineers (e.g.,

medical instruments, supplies, and drug manufacturing industries) (Braddock, 1992).

Although jobs within the life science domain have not been projected to witness substantial

growth, biological life science jobs are projected to have the most growth within that domain

(National Science Board, 1998).  The majority of individuals employed in life science were

employed in academic institutions or by private sector companies in 1995 (National Science

Board, 1998).

Physical Scientists.  Physical scientists accounted for 9% of the total science and

engineering workforce (3.2 million) employed in science and engineering in 1995 (National

Science Board, 1998; Wilkinson, 1998).   Although the Bureau of Labor Statistics predicts a

wide range of growth between 1990 and 2005 for physical scientists (Braddock, 1992) the

National Science Board does not project such significant growth rates (National Science

Board, 1998).  Physical Scientists in 1995 were typically employed in the private sector and

comprised the smallest segment of scientists or engineers working for the state and local

governments (National Science Board, 1998).

Social Scientists.  Social scientists accounted for 10% (317,500) of the total science

and engineering workforce (3.2 million) employed in science and engineering occupations in

1995 (National Science Board, 1998; Wilkinson, 1998).  Employment in this field is less

affected by broad economic conditions than are many other occupations (Braddock, 1992).

Due to the expected employment growth of psychologists the growth for social scientists in

general is above average for the economy (Braddock, 1992).  Academic institutions
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employed the largest proportion of social scientists in 1995 (National Science Board, 1998;

Wilkinson, 1998).

Foreign Nationals

It is interesting to note the geographic origins of those earning science and

engineering doctoral degrees in this country.  Universities in the U.S. draw students from all

over the world to study for a research doctorate and most of these students come to earn a

degree specifically in science and engineering fields (Hill, 1996).  Forty percent (N=10,493)

of all doctoral degrees in science and engineering (N=26,515) awarded in 1995 and 1996

were received by persons who were citizens of non-U.S. countries (Hill, 1996).  This figure

was actually 13% higher than in the previous decade.  Specifically, 33% of doctoral degrees

awarded to foreign nationals were granted in engineering, 51% in natural sciences, and 16%

in social sciences (Hill, 1996).  Of those non-U.S. citizens, two thirds held visas granting

temporary residency in this country, and of those on temporary visas, over half (57%)

planned to remain in the U.S., and almost all (92%) holding permanent visas planned to

remain in the U.S. (Hill, 1996).  Over half of non-U.S. citizens with definite plans to remain

in the U.S. were continuing their studies with postdoctoral appointments.  One fourth were

employed in industry and only 13% were employed in academia (Hill, 1996).

The number of foreign nationals earning U.S. degrees has increased since the late

1970s.  In general, the number of bachelors degrees awarded in all science and engineering

fields doubled from 1977 (~8,000) to 1995 (~15,000) (National Science Board, 1998).  Fields

with the highest growth at the bachelor’s level included math and computer science and the

social sciences.  The number of master’s degrees awarded in science and engineering fields

to foreign nationals between 1977 and 1995 almost tripled, 8,000 to 21,000 respectively
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(National Science Board, 1998).  Fields with the highest growth for advanced degrees

included math and computer science, social science and overall engineering (National

Science Board, 1998).

SUMMARY OF SCIENCE AND ENGINEERING CHARACTERISTICS

There are many issues that can affect manpower in this country and manpower has a

direct relationship with the state of the new economy, if demand for these critical resources

increases disproportionately with supply, it could have detrimental effects on our national

and state economies. Therefore, it is imperative to understand the factors that affect the

supply and demand of this population.  Any stress or imbalance in the supply and demand

relationship creates concern at a number of levels.  At the organizational level, companies

invest large dollars into their recruiting, selection and retention practices.  Shortages of

qualified workers can cost an organization in productivity, hiring and recruiting costs, and

may also hinder organizational growth.  These costs have been estimated at approximately

six to eight thousand dollars per employee (Business Wire, May 1999).

The focus of the current research centers on more global geographic mobility of

manpower.  The relation between science /engineering and economic development has

become a major concern in recent times.  At the state or region level, employees contribute to

the revenue and financial strength of the state.  Highly skilled science and technology

workers also contribute to the competitive advantage of that state.  The phenomenon of

differential supply and demand of highly skilled workers has been called the brain drain

phenomenon.  The following section provides a more in-depth look at the brain drain

phenomenon.
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BRAIN DRAIN PHENOMENON

It is difficult to pick up a journal, professional magazine or newspaper that does not

contain an article on the growing shortage of employees to fill high skill jobs in a certain

field or geographic area (Bresnick, 1998).  The migration phenomenon of skilled and

professional workers, commonly known as the brain drain, has been an important topic for

economists and government planners for quite some time (Wong & Yip, 1998).  Specifically,

brain drain is the outflow of skilled workers from one area (regional, state, or national) to

another (Wong & Yip, 1998).  On a national level, human capital is one of our most valuable

resources, and there has been great concern regarding the scarcity of this commodity in

specific geographic areas.  We know that while some areas act as magnets for science and

engineering professionals, others act as net exporters creating a deficit for that area

(Tornatzky, et. all, 1998).

Advancements in technology continue to change the ways in which we work, learn

and interact with others.  In addition to the increased specialization of particular jobs, some

geographical areas are more or less productive in science and technology than are others.  For

example, some areas that are better known for their productivity in technology include

Massachusetts’ Route 128, Silicon Valley, and North Carolina’s Research Triangle Park.

Lack of opportunities in a given area forces people with specialized knowledge and skills to

either migrate to areas where technical and professional opportunities are more affluent, or

enter into jobs that are unrelated to their degree and hence detrimental to the state of the new

economy.  Accordingly, migration patterns of science and technology graduates are of

particular concern for organizations looking to staff their facilities with highly skilled, quality

professionals.



22
It’s not only a challenge to find people with the right knowledge and skills, but it is

also a challenge to attract and keep them.  Losing these workers creates great concerns about

the possible adverse effects this phenomenon may have on the economic growth, education,

income distribution, and welfare of a particular area (Blom, 1998; Chandrasekaran, 1998).

Surprisingly, there has been very little work in the literature that examines the linkage

between brain drain and economic growth.  Research needs to be done to discover the factors

that impact this phenomenon.  Blom (1998) found that in general, the culture, climate,

attitudes, morale, market, and level of opportunity influence the decision of candidates in the

labor market to migrate from one area to another.

It is a known fact that some individuals who go to colleges outside their original state

end up leaving for good.  In recent years many states and local areas of the U.S. have

developed programs to attract students, graduates, and jobs to their areas.  State legislatures’

in 1998 have produced an array of new laws and programs that make it easier for people to

attend and pay for college.  According to the state legislatures conference, state budgets for

fiscal 1999 call for total state general funding on college operations to grow by more than 7

percent (Schmidt, 1998).  Elementary and secondary spending were the only other category

of state general fund expenditures slated to grow as fast (6%) (Schmidt, 1998).

Programs have been specifically designed to help states keep their own best and

brightest students home for college and in the states labor market following graduation.

Georgia’s highly publicized HOPE Scholarship program that was established in 1993,

received a great deal of interest at the 1998 legislative summit.  This program uses state

lottery revenues to finance the education of students who maintain at least a ‘B’ average in

college.  As a result of the HOPE scholarships program, Georgia has seen a rise in SAT
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scores, a decrease in high school drop outs, a rise in college enrollment and a decrease in the

numbers of students needing to take college remedial course work (Wicker, 1999).

At least a dozen states adopted some sort of merit-based scholarship program during

the 1998 sessions.  For example, Nebraska launched a merit scholarship program in an

attempt to “stanch the brain drain” (Schmidt, 1998).  Merit based scholarship programs pay

as much as half of tuition and fees, and can be used at any state accredited public or private

college.  Scholarship recipients are typically required to earn degrees in any of 12 high-

demand fields identified by state higher education officials and must promise to work in the

state for at least three years after graduating.  Florida’s Bright Futures Scholarship is another

example of a state funded merit based program aimed at keeping its students in the state

(McKinnon, 1999).

Some states have modified the requirements and conditions of the merit awards they

will offer.  For example, Kentucky structured its lottery-financed fund so that those students

who maintain good grades from the ninth grade on are eligible to receive financial incentives

(Schmidt, 1998).  Maryland, established a scholarship program that benefits good students

who enter computer science or engineering fields.  Upon completion of their degree,

recipients are required to work in the state one year for each year they received funding.

Some states including, Massachusetts, Connecticut, Maine, and Idaho are focusing on trying

to decrease tuition costs for state schools.  Other states are looking towards providing more

money for professors (Schmidt, 1998).

Little is known about the causes and effects of state brain drains, much less how to

stop them.  Critics say that lawmakers are risking millions of dollars on programs that may

be ineffective or that offer few real economic and educational benefits in the long run
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(Schmidt, 1998).  In order to understand this phenomenon, it is essential to examine the

factors involved in the decision to relocate.  It is obvious that a greater understanding of

patterns of migration is central to understanding issues surrounding brain drain.

MIGRATION

The complexity and multidisciplinary nature of the subject of migration in

conjunction with the proliferation of articles on specialized topics have made the study of this

phenomenon extremely difficult (Greenwood, 1993).  It is reasonable to assume states prefer

to retain graduates from their own institutions for employment within the state.  Land-grant

Universities, for example, receive large sums of money from taxes.  Therefore, when

students move to another state and are not replaced by someone moving to the state, the tax

revenue raised from that employee does not benefit the cost of education incurred by the

degree granting state (Ballweg & Li, 1992).  It is interesting to note the extent to which states

deviate in the numbers of individuals who cross state lines either to enter or to leave.

(Tornatzky, et. Al., 1998).  Understanding general population migration will help us

understand who is likely to leave among science and technology professionals and what

those patterns look like.

Fulton, Fuguitt, and Gibson (1997) examined the demographic and socioeconomic

characteristics of migration streams between metropolitan and non-metropolitan areas

between 1975 and 1993.  This study utilized data obtained by the U.S. Census Current

Population Surveys (CPS).  The CPS contains a one-year migration question which along

with information regarding respondents current residence allows respondents to be classified

into four migration groups: metro-to-non-metro movers, non-metro-to-metro movers, metro

stayers and non-metro stayers.  Demographic variables examined in this study included sex,
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race, age, education, poverty status (poor, near poor, not poor) and occupation (lower blue

collar, upper blue, lower white collar, and upper white).

 In terms of specific demographic characteristics, Fulton, et al. (1997) found age to be

inversely related to migration such that younger individuals tend to move more.  The general

relationship between age and propensity to migrate has been known for some time

(Greenwood, 1993).  The authors assert that increased movement among younger individuals

may have been necessitated by a search for a particular educational program, employment or

a better job.  Similarly, the authors note higher levels of migration among males, respondents

with 4 or more years of college, those above the poverty level and those whose occupational

status was classified as white collar.

 In terms of general migration patterns between rural and urban areas, they found three

major (and unanticipated) shifts.  Until the 1970s, non-metropolitan areas typically observed

net population losses.  However, the first observed shift occurred during the 1970s when non-

metropolitan areas witnessed an increase in net in-migration and retention particularly of

young and better-educated residents.  The second trend occurred in the 1980s where the

trends of the 1970s were reversed and non-metropolitan areas witnessed net migration losses

particularly of young, better-educated residents and those working in white-collar

occupations.  In the 1990s, migration patterns have been similar to those in the 1970s such

that non-metropolitan areas again showed net gains among higher status groups.

Shelley and Koven (1993) examined state level factors thought to impact interstate

migration in the United States during the 1970s.  They argue that migration has political,

economic as well as social relevance.  Politically speaking, migration affects the electoral

power of states and the size of a states’ delegation to congress.  Since economic
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environments are said to influence ones decision to move, migration is also related to the

economic health of a given area.  Similarly, migration is obviously related to the amenities

present in a given area or the “quality of life” that is available to area residents.  This study

examined the relationship between net migration and a wide array of variables that are

subsumed under five composite dimensions; fiscal policies (taxes and spending), social

hostility (crime and wealth), labor relations (right to work laws, unemployment, union

membership, wages, and work stoppages), ecological context (size of state population,

population density, temperature, school enrollments, public assistance, and maturity of

interest group structures), and infant mortality.

The study used data obtained in the Statistical Abstract of the United States, State

Government Finances, Handbook of Labor Statistics, State and Metropolitan Area Data

Book, Vital Statistics of the United States, and Uniform Crime Reports for the United States.

Multiple regression was used to estimate how well the independent variables predicted state

migration patterns.  Results based on the full model were ambiguous due to problems with

multi-colinearity, and an exploratory factor analysis was conducted.  As described above,

four dominant factors and one minor factor consisting of only a single factor (infant

mortality) emerged.  Principle components multiple regression was then performed (F=18.44,

p< .0001, R2=.68).  The hypothesized model proved to be highly salient in predicting rates of

net state migration in the 1970s.  Specifically, results of this study indicate that ecological

context (quality-of-life) variables exert the greatest predictive power, and that composites of

fiscal policy and labor relations (e.g., factors that are more controllable by public decision-

makers) were also significant.  Infant mortality was significant and Social Hostility did not
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prove to be statistically significant.  It is my opinion that while these patterns were true of the

1970s they may be different today.

Our nations population movement patterns have become much more complex than

they were in the past.  The study of migration and retention may provide answers to some

basic questions that are frequently cited in the literature.  “Why do some areas grow while

others decline?  Why do people move?  Do different types of people move for different

reasons? And, are we in danger of a population explosion that test the capacity of our

resources?”  Research by Long (1988) shows that more than one half of households in the

U.S. moved for job-related reasons in the late 1980s.

Understanding population composition, distribution, and change is essential for

making decisions in both the public and private sectors (Plane & Rogerson, 1994).  In the

private sector, the success of an organization is often directly linked with the ability to

identify and target specific demographic groups or segments of the local population down to

the smallest geographic units for both market and employment selection purposes.  In the

public sector, for example, school enrollment levels depend critically upon the size and age

composition of the population at the neighborhood or community level.

Until recently, a thorough knowledge of how local populations are likely to change

would have dramatically affected an organizations planning process for personnel recruiting

and selection.  However, today, demographic knowledge of the local population is not

enough to sustain quality work-force needs.  Organizations, both public and private, now

need a more comprehensive understanding of how to attract quality personnel from widely

disbursed geographic locations.  Therefore, an understanding of demographic trends that are

associated with the composition, distribution, and change of a particular population (i.e.
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recent science and engineering graduates) is of more immediate concern to many decision-

makers, practicing planners, and business people.

THEORIES OF MIGRATION

General Theories of Migration:

There are several prominent theories of migration.  Literature on migration stems

from a number of different disciplines that are rarely integrated.  As a result, reliance on a

single approach is likely to lead to a highly specific and incomplete view of the complex

processes affecting an individual’s decision to migrate.  Before we begin to examine specific

theories of migration, we should understand the important issues surrounding it.  Themes

underlying theories of migration include: the optimality of one’s choices, availability of

alternatives, geographic space, supply and demand, motivation, temporal factors, and the

level of analysis (Molho, 1986).  Before introducing specific theories of migration, I will

briefly review these issues.

First, is the notion of optimality in one’s decision making.  When a less than optimal

choice is made, the issue becomes the extent to which the lesser choice is due to a lack of

information.  A lack of complete and accurate information could prevent an individual from

selecting the most optimal choice.  A second issue involves the availability of alternatives or

the distinction between speculative migration, (the decision to move with merely the hope of

finding a suitable opportunity), and contracted migration  (in which an opportunity has

already been secured before the move is undertaken.  Another issue involves the

consideration of space in terms of the geographical distribution of opportunities such as costs

involved in commuting or transportation.  There are also issues surrounding the supply and

demand of opportunities associated with a given location that ultimately affect the options
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from which one chooses.  Issues surrounding supply and demand include the type of

opportunities available, whether those opportunities are related to their field of degree, and

individual preferences.  Motivation for moving and the interaction between workplace and

residential decisions is another.  Finally, the question arises as to whether we should focus on

the individual’s behavior or on aggregate patterns of movement.  The different approaches to

migration that will be discussed next vary in terms of the degree to which they emphasize or

neglect one or more of these issues (Molho, 1986).

There are six prominent theories of migration including the economic perspective,

human capital approach, rationality and stress, random utility, information and search, and

gravity models.  The Economic Competition Model is the dominant approach for studies of

employment migration, and asserts that people migrate in order to improve their economic

well-being by selling their services in the market that offers them the highest return (Bartel,

1979; Molho, 1986).  This could have major policy implications for organizations looking to

recruit the “best and brightest”.  The ability to manipulate key variables that would attract

quality personnel could guarantee a state of competitive advantage.

The Human Capital approach suggests that migration is a process that is modeled as

an investment in human capital.  The basic model asserts that individuals determine their

decisions to migrate on the basis of their perception of expected utility (EU) from residence

in any one area (Molho, 1986).  Expected utility within this framework is essentially the

anticipated benefits and costs that would result from migrating to a given geographic area.

This theory suggests that the individual evaluates the expected utility minus the cost of

moving for each option and selects to live in the area with the highest net outcome.  This

model further asserts that ultimately one considers all factors (social, economic, and
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environmental) that affect the possible alternatives.  This theory is criticized for its

assumption regarding the treatment of information, as it unrealistically assumes that

individuals have complete and accurate information on all available opportunities and does

not account for the decision making process when individuals do not have this information.

Psychologists argue that with complex sets of alternatives, people cannot efficiently

maximize over all possible alternatives.  The Rationality, Stress, and the Treatment of

Information approach asserts that individuals construct simplified models of reality in which

only a subset of alternatives are considered, and they evaluate the costs and benefits of only a

few select alternatives (Molho, 1986).  This theory describes the human migration decision

as “satisficing” rather than “maximizing”.  In contrast to the Economic Perspective, this

theory asserts that individuals make decisions solely on the basis of the information in which

they have acquired rather than all possible information.  Therefore, it is assumed that one’s

decision to migrate is based on partial information that is easily available rather than on a

comprehensive set of information.

The premise underlying the Random Utility theory assumes that individuals maximize

utility functions, and that those functions are partitioned into two separate components.

These components reflect to the behavior of a representative group of individual s and a

random variable that reflects the individuals unobserved idiosyncrasies such as situational

factors which cause them to alter their behavior (Molho, 1986).  Specifically, the utility

function incorporates individual characteristics that systematically influence one’s decision

to migrate.  The fact that not all migrants move in quite the same direction even within

broadly homogeneous sections of the population is captured in the random utility framework
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through a stochastic component in each individual’s utility function, and this component

reflects the unobserved factors that are specific to each individual.

In order to understand the decision-making process, focus must be directed toward

understanding the underlying search strategy an individual embraces.  A decision making

framework that involves an initial decision to undertake the search, followed by the ultimate

decision as to the optimal location in which the individual is likely to receive the best

rewards (Molho, 1986).  According to the Information and Search Theory, once the base

search method has been identified, the likelihood that one will actually move is dependent

upon whether an opportunity exists in that geographical area, and whether one chooses to

accept or reject that given opportunity.

Until now, the models we have reviewed relate to individual behavior.  However,

there are substantial theoretical and analytical problems involved in empirical modeling at

this level.  Historically, Gravity Models originated in the study of human geography, and

typically analyze aggregate data.  Just as economists emphasize monetary influences and

psychologists have emphasized rationality, human geographers emphasized space as a key

determinant of migration or non-migration (i.e.. retention).

The gravity model in its most general form, “posits gross migration flows within a

regional network to be a function of origin and destination specific push and pull factors”

(such as size of the regional population, relative housing, and/ or labor market conditions)

that are combined multiplicatively with some form of distance deterrence function reflecting

the degree of spatial separation between origin and destination” (Molho, 1986).

Research suggests that heterogeneity of the migrant population that one is trying to

predict is a major problem for the above models.  Researchers have suggested that the
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primary source of such unpredictable behavior stems from the existence of different levels or

fields of an individuals search and the differences related to ones underlying motives for

moving.  Differences in the fields of search that individuals operate within stem from the

hierarchical nature of information networks those individuals have access to.  There are three

key Temporal Aspects involved in theories of migration.  First, there are likely to be delays in

the diffusion of information about employment opportunities.  Second, individual’s

expectations of future benefit streams involved in the decision to accept or reject an

opportunity are likely to depend on some weighted average of past trends.  Finally,

significant adjustment lags are likely to arise between the decision to migrate and the final

move (Molho, 1986).

As we look at the literature in this area, we don’t see any references to employment

migration of scientists and engineers related to the themes mentioned in beginning of this

section.  An adequate theory of migration among college graduates requires incorporation of

both availability of job opportunities and individual characteristics.  Typically research in

this area is conducted under the premise of one theory to the exclusion of the others and

neglects factors that occur beyond the scope of that particular theory.  Although these

theories provide some insight for a comprehensive theory of migration, each of these models

is somewhat fragmented, and reliance on a single model will likely lead to misleading results.

In addition to the theories that have already been mentioned, there are other theories that

have the potential to provide insight into individual’s decisions to migration.

Vocational Theories

Vocational psychology examines some related issues and is another field that has the

potential to provide relevant information.  In terms of a conceptual framework, Vocational
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Psychology has the potential to add something to our understanding of the migration process

as it looks at the congruence between individuals’ alternatives and their actual choices.

Many theories in Vocational or Counseling Psychology speak to the issue of career

planning, choice, and development, which in turn affect their ultimate patterns of migration.

Before going into the specific theories, it is best to review some basic concepts as defined by

the National Career Development Association (www.ncda.org).  Career development refers

to the total constellation of psychological, sociological, educational, physical, economic, and

chance factors that combine to influence the nature and significance of work in the total

lifespan of any given individual.  Career, is the totality of work, both paid and unpaid, that

one does in their lifetime.  Vocation is one’s primary work task at any given period of life.

Occupation is one’s primary work task in the world of paid employment.  Job, is an

identified set of duties and responsibilities, paid or unpaid, assigned to be performed usually

on a sustaining, ongoing basis by one person.  Position, is a set of competencies (skills and

knowledge) required as a component of the overall mission of the agency, organization, or

setting in which the position exists.  With these definitions in mind, let us turn our attention

to prominent theories and the history of Vocational Psychology.

The view of career posited in contemporary career theories reflects modern day

philosophy.  Because motivation and meaning are thought to reside in the person, the path to

success and personal fulfillment follow a course shaped by both self-expression and

individual effort.  Historically, the choice of a particular occupation typically followed family

traditions such as staying on the farm or joining the family business.  As modern

organizations developed the notion of a “career” emerged.  People who had worked for

themselves on farms and in towns then moved to cities to “climb the organizational ladder”.
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Vocational psychology was designed, and still functions today, to help people choose

and adjust to the specialized work that defines their identity, their social status, and

determines their wages (Walsh & Osipow, 1995).  As industries downsize, the cities that they

supported struggle to survive.  Now, the large bureaucratic organizations that supported

careers are disappearing.  People can no longer expect to spend 40 years at IBM or General

Motors, establishing and maintaining their careers through the predictable stages articulated

by Super (Walsh & Osipow, 1995).  In fact, the average number of times an individual

changes careers in a lifetime is around 10.  As the nature of work shifts towards information

and technology, it is no longer acceptable to be limited by geographical location.  More often

than not, workers are being forced to go where the jobs are.

There are several theories in vocational psychology that deal with individuals and the

choices they make regarding careers and career development.  The following section will

discuss John Holland’s theory of Personality and Vocational Choice, Vroom’s Expectancy

Theory, and Super’s segmental theory of Work Values.

At its most basic level, John Holland’s theory of Personality and Vocational Choices

asserts that an individual’s career choice is a projection or extension of oneself.  In this sense,

occupational choice is seen as an expressive act of individual factors, including motivation,

knowledge, ability, and personality.  According to Holland, both personality and work

environments can be defined by a three-letter combination of six core dimensions (e.g.,

Realistic, Investigative, Artistic, Social, Enterprising, and Conventional).  Holland further

asserts that satisfaction with one’s job is directly related to the degree of congruence or fit

between one’s personality type and one’s job environment fit (often termed “P-E fit”).  This

theory operates under two basic assumptions:  1) that there is homogeneity within and
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heterogeneity between occupational categories; and 2) increased similarities between an

individuals interests and interests of individuals working in that occupation will lead to better

“fit” (Brown, & Brooks, 1990).  This theory was developed to help people explore their

interests and make career decisions that are representative of those interests.

In terms of application, Holland's theory provides explanations for three common and

fundamental questions: 1) What personal and environmental characteristics lead to satisfying

career decisions, involvement, and achievement, and what characteristics lead to indecision,

dissatisfying decisions, or lack of accomplishment?; 2) What personal and environmental

characteristics lead to stability or change in the kind of level and work a person performs

over a lifetime?; and 3) What are the most effective methods for providing assistance to

people with career problems (Holland, 1992).  Holland’s theory predicts that one will choose

an occupation consistent with one’s personal orientation.  The Vocational Preference

Inventory is a measure that is based on normed data and designed to assess one’s preferences

for different jobs and match them to an appropriate occupation.  One’s personality type is

then said to drive one’s direction or vocational choice (Holland, 1985; Holland, 1992; Brown

& Brooks, 1990).

One’s vocational choice may have relevant influences on migration.  If one chooses

to enter into a non-science or technical field, they may not be faced with the problem of

relocating to find relevant work.  As we have seen earlier, it is possible to predict students

major on the basis of their values.  If there are individual differences between individuals that

choose to enter into a given field, we may be able to predict those that are willing to migrate

and those who will be reluctant.
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Rather than interests, Vroom’s Expectancy Theory asserts that human needs are the

basis for motivation and are more relevant to career preferences and occupational choices.

Occupational preference and career choice are determined by one’s motivation, perceptions,

expectations, and values.  The Expectancy model is comprised of three primary components,

valence, instrumentality, and expectancy.  Valence is defined as the attractiveness or

desirability of outcomes.  Instrumentality is defined as the expectations regarding the

availability or the likelihood of outcomes, and the relation between Valence and

Instrumentality results in Expectancy (Brown & Brooks, 1990).  Therefore, one’s

occupational choice is based on results of the ratio between valences and instrumentality.

Similar to the economic theory of migration discussed earlier, this theory hypothesizes that

an individual will choose the occupation that yields the highest returns.

While Super has not contributed an integrated, comprehensive, and testable theory, he

has posited a “segmental theory” that is a loosely defined set of assumptions.  These

assumptions deal with specific aspects of career development, taken from developmental,

differential, social, personality, and phenomenological psychology and are held together by

his notion of self-concept and learning theory (Super, 1990- Career Decisions).

Donald Super’s efforts in the area of work values may lead to some insight regarding

individual’s patterns of migration.  Super views work values as particular values affecting the

motivation to work, and defines values as “the qualities people desire and seek in the

activities in which they engage and in the situations where they live” (Neumann & Neumann,

1983).  Super defined 15 work values that predict a wide range of attitudes and behaviors that

affect motivation to work (Creativity, Management, Achievement, Surroundings,

Supervisory Relations, Way of Life, Security, Associates, Aesthetics, Prestige,
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Independence, Variety, Economic Return, Altruism, and Intellectual Stimulation).  Levels of

importance to components of the work allow an individual to determine the range of jobs that

they will perform effectively or ineffectively.  Values also serve as a screening mechanism

for organizations and educational systems attempting to match individuals in an applicant

pool to their organizations.  On the basis of Super’s theory of work values, one experimenter

was able to accurately discriminate between individuals with engineering and liberal arts

majors (Neumann & Neumann, 1983).

As we have seen, vocational psychology offers a broad literature that examines

individuals and the decision making process.  However, to date this field has not addressed

individual’s decision-making process beyond career choice.  Although this literature provides

a conceptual framework for understanding the phenomenon of migration, there has been no

research regarding these factors in this area.  As we will see shortly, in spite of the theoretical

basis that these theories provide, there is very little empirical information directly related to

the migration of science and engineering graduates.

 LITERATURE SEARCH

 An extensive search of the psychology, sociology, regional studies, geography, and

economics literature was done.  The search was intended to locate literature regarding

migration of recent college graduates in science and engineering fields.  The goal of this

search was to examine relevant literature in order to understand factors used in previous

research to explain the phenomenon of migration and the brain drain.  Search engines utilized

for the purposes of the present review included Psych Info, Social Science Citation Index,

Expanded Academic Index, and ABI Inform.  Key words used in the search were migration,

brain drain, college, graduates, labor, movement, policy, jobs, employment, characteristics,
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and study.  Attempts were made to find the most current articles published in this area.

Search results revealed that although there has been a great deal of literature regarding

general population migration, there has been little research examining retention and

movement patterns of specifically science and engineering college graduates.  Several

journals including Regional Studies, Monthly Labor Review, and Economic Geography were

specifically examined.

 One of the major contributors to the field, Michael Greenwood (1993), stated, “When

I completed my first survey [of the migration literature] twenty years ago, I thought it was

the most difficult academic assignment I had undertaken to date .... [However,] I [now] feel

that my latest effort was far more difficult than any prior effort.  The literature has become so

massive.... and the nature of the research so specialized [that it has] made such surveys

extremely difficult and .... even the most diligent researcher finds difficulty in [pulling it all

together].”  The narrow body of existing empirical literature necessitated the need for a much

broader topical review than was initially intended.

Types of available data

Most research in the empirical literature defines migration as a dichotomous, onetime

event (i.e., moves or not moves).  Contrary to existing research, DaVanzo (1983) asserts that

most moves are not isolated occurrences and are in fact what he terms ‘repeat moves’.

Migration research regarding college graduates in science and engineering fields is limited.

Not only have there been very few studies of migration that focus specifically on scientists

and engineers, but also studies of migration typically focus on a particular segment of the

population and tend to reflect researchers' distinctive disciplinary interests, styles, and

methods of research (Zuckerman, Cole, & Bruer, 1991).  For example, many studies are



39
sharply focused on scientists rather than engineers.  This is a significant limitation in the

existing literature because engineers actually outnumber scientists and comprise 56% of

those working in science and engineering jobs.  Many studies also limit themselves to

research on academics rather than industrial or government workers when only about 12% of

all scientists and engineers work in academic institutions.  Similarly, other research studies

focus on individuals possessing a doctorate rather than those with lower level degrees when

doctoral recipients represent only 11% of all scientists and engineers.  Similarly, most studies

of scientists and engineers tend to focus exclusively on the two most recent decades rather

than looking at trends through time (Zuckerman, et. al., 1991).

 Although college graduates are an appropriate sample for many reasons, they are

difficult to track.  Migration studies of college graduates based on individual characteristics

have been few because of the difficulty associated with tracking those graduates after

graduation (Ballweg, & Li, 1992).  Although some schools require their graduates to provide

an exit interview, most do not.

 The following sections describe empirical research related to the factors that

influence individuals’ decision to move (see Table 1for summary of empirical literature and

results).  Ideally, studies would have been included if they dealt specifically with the

migration and / or movement patterns of science or engineer degree holders.  However, upon

examination of the published literature, it was clear that the present review would have to be

much broader to fully understand the factors that influence an individuals’ decision to move.

The following section is organized into three distinct sections, studies of general population

movement, college aged population movement, and the movement of science and

engineering graduates.  The goal of the following sections is to review previous research in
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order to understand what is known and not known about factors that influence an individual’s

decision to migrate and apply that information to the current research with regard to recent

graduates in science and engineering.  While reviewing the research presented in the next

sections it is important to remember the limitations mentioned above.  Conclusions based on

specific segments of the population may not be relevant for all segments of the population.

EMPIRICAL LITERATURE REVIEW

 General Population Studies

 In order to understand the movement patterns of science and engineering graduates, it

is helpful to consider movement patterns of the general population.  Understanding the

factors that influence the mobility of the general population may provide valuable insight

into the factors that influence the mobility of scientists and engineers.  This section reviews

several studies that examine general population movement.  First, movement trends of the

general population at the aggregate state level are presented, followed by general movement

trends at the individual level.  The focus of the subsequent studies in this section turns away

from analysis of the total population to factors that affect the mobility of the general labor

force.  Qualitative analyses of the factors that influence the migration of dual career

households are reviewed.  Finally, the migration patterns of general labor force participants

across the life span are reviewed.

 One of the early studies of general labor migration was done in the late 1960s.

Greenwood (1969) studied the degree in which state level factors influenced interstate

migration of the general population between the years of 1955 and 1960.  Greenwood used

1960 Population Census data.  State level factors that Greenwood examined included:

distance (mileage between states), income (state median income), median education (original
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and destination state), unemployment (original and destination state), mean temperature

(yearly ratio of destination to original state), and migrant stock (the ratio of individuals born

in the original state and living in the destination state).  The dependent variable was

measured as the number of individuals five years of age and older living in the destination

state in 1960 who resided in the original state in 1955.  Stepwise multiple regression analysis

was used to determine gross migration for each of the 48 continuous states.  The data

obtained in the 1960 census was used to estimate two relationships, one including migrant

stock and one excluding migrant stock as a predictor of gross state migration.

 Results of Greenwood’s study found migrant stock (defined earlier) to be the single

most important predictor of state migration.  Migrant stock had a strong positive relationship

with interstate migration (t=42.06, p<.001) indicating that individuals have a strong tendency

to migrate to states that other natives of their original state have previously migrated.  First

considering the equation with migrant stock included, distance (t= -11.21, p<.001) and

median education of destination state (t=-2.95, p<.01) had negative relationships with

migration indicating that the greater the distance or the higher the education level of the

destination state, the less likely one would be to move to that state.  Median educational

attainment for individuals in the origin state (t= 16.6, p<.001) and rates of unemployment in

the state of origin (t= 8.44, p<.001) had positive relationships with migration indicating that

that lower levels of educational attainment and unemployment in the origin state contribute

to an individuals decision to stay in that state.  Mean yearly temperature (t= 6.49,p<.001) also

had a positive relationship with gross migration such that the more temperate the temperature

of the destination state the greater the likelihood of migration to that state.  Median income
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and unemployment rate of the destination state had a non-significant relationship with

migration.

Upon examination of the second equation excluding migrant stock, distance was

found to be the most important predictor and had a negative relationship with gross migration

(t= -27.55).  Median income had a positive relationship but explained the least amount of

variance (t=2.99,p<.001).  Education (origin, t=8.72; destination, t=5.06, p<.001),

unemployment (origin, t=5.09; destination, t=5.15, p<.001) and mean yearly temperature

(t=9.49, p<.001) all had significant positive relationships with gross migration.  The results

of this study clearly show that migrant stock is the single most important predictor of gross

interstate migration (Greenwood, 1969).

 Opposed to other studies that measure migration as a one-time event, DaVanzo

(1983) examined repeat migration patterns in the U.S.  DaVanzo asserts that most moves in

this country are repeat moves, either to a new location or back to places where migrants lived

prior to the move.  The study used individual survey data obtained from the 1968-1975

waves of the University of Michigan’s Panel Study of Income Dynamics, which provide

information about 5,000 US families over an eight-year period.  The data were restructured

so that each observation represented an individual’s residence for each year in the study,

called “person-year observations” and aggregated up to standard metropolitan statistical areas

(SMSA).

 This study expands the human capital model of migration to incorporate the concepts

of location specific capital and information costs.  Specifically, migration is an investment in

human capital such that an individual chooses to migrate because they expect that the

benefits of moving outweigh the costs incurred by the move.  However, only when an
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individual has perfect information regarding all possible options would the individual be able

to perfectly weigh the advantages and disadvantages associated with the potential decision.

DaVanzo further asserts that an individual searches for information only as long as they

perceive that there are benefits of having more information.  Then, only individuals who

perceive positive net benefits of migrating will move.

 In general, results of this study support the proposition that the less reliable the

information on which the initial move is based, the more likely a subsequent ‘corrective’

move (either to a new location or back to the place they lived before the move) will be.  Less

educated individuals base their initial moves on limited information, lowering their success

rate of their moves and increasing the likelihood of a corrective move back to where they

came from.  More highly educated individuals are more likely to move in general and are

also more likely to make subsequent moves to a new location that is different from both

where they came from and where they have already been.  DaVanzo found that the farther

the initial move, the likelihood that they will move again increases.  Initial moves pressured

by unemployment tend to be followed by repeat moves.  Individuals who are more embedded

in their community (i.e., own a home) are less likely to make an initial move.  Similarly, the

longer the person lived at the pre-initial move dwelling the more likely they are to return to

that area.  DaVanzo found that very young household heads were particularly prone to return

to where they had lived before within a year or so of leaving.  Finally, DaVanzo looked at

aggregate information regarding general job market conditions that may affect an

individual’s decision to move.  He found that the less promising the job market conditions in

the area of potential return the less likely a person is to choose that area over some other

destination if he moves again (DaVanzo, 1983).
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 Green (1997) did a qualitative analysis of individual level factors that influenced the

location and mobility strategies of dual career households.  In this study, dual career

households were defined as the subset of dual earner households’ with two (or more) earners

working in managerial, professional or associate professional occupations.  This group was

chosen because professional occupations typically place higher demands on individuals and

require a certain degree of commitment.  This study used a biographical case study approach

to study this phenomenon.  The author selected a particular location in Great Britain that

closely approximated the national proportion of dual career households.  From this area, five

companies including an institution of higher education, a large health services establishment,

a major bank, and two large manufactures were selected to participate.  A structured

questionnaire was sent out to the employees of each of these companies requesting

background information on age, household structure, occupation, qualifications, employer

name and address, journey-to- work information, mode of transportation, distance to work,

and time to work.  Of the 160 respondents that reported a dual career household, 30 were

randomly selected to participate in a qualitative in-depth interview session.

 There are a variety of dual career household types.  For example, in traditional

households with a conventional division of labor, the man’s job takes precedence over the

woman’s job, therefore he leads and she follows.  Historically, women have engaged in more

flexible careers such as secretarial work, nursing, or teaching.  However, in a dual career

household today it is not always the case that the mans career takes precedence over the

woman’s career.  In Green’s study, out of the 30 couples interviewed, the man’s career took

priority in 19 cases, the woman’s career took priority in 5 cases and there were 6 cases where

propriety was shared and no leader could be determined.  Through qualitative analysis, Green
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identified three key factors that determined which of the two careers were to be considered

the ‘lead’ career.  In many cases, the person who is paid the highest leads.  The second key

factor in determining the lead career is whether or not one career is constrained by location.

If it is more difficult for one to find a job, then it is usually the case that the more locationally

constrained earner leads.  A third factor to consider when deciding who leads is whether one

career offers more security than the other.  Typically, the more secure career leads.  Green

also found that lead roles are not permanent.  In some of the households studied, one career

led at one time and in turn followed at a later time.

 Results of this study indicate that accessible semi-rural areas emerge as the most

preferred residential environments for dual career households.  In fact, many couples

indicated that they were prepared to commute (typically by car) long distances to work in

order to live in such areas.  Qualitative evidence from this study also indicated that couples

were unwilling to consider migrating for non-permanent employment contracts (Green,

1997).

 It is interesting to note the effect that a spouse’s employment status plays in the

decision to migrate.  Historically, the husband’s career took precedence and women were

expected to follow their husbands.  On the basis of Greens results, it appears that the division

of labor is much more equitable in today’s workforce.  These results are particularly valuable

for organizations developing strategic recruiting programs.  Organizations can develop

incentive programs such as job placement assistance for spouses in order to lure the best and

brightest employees to their company.

In general, some occupations or careers are more mobile than others and can be

performed in a number of locations.  Just as Green talked of locational constraints, Bartel
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(1979) examined the role of job mobility in the decision to migrate.  Although Bartel does

not examine factors that affect the specific labor mobility of occupations in science and

engineering fields, it is helpful to understand factors that influence general labor migration.

Bartel used individual level data obtained in three data sets that encompass different age

groups across the life span including the National Longitudinal Surveys (NLS) of Young (men

aged 19-29) and Mature (men aged 45-59) and the Coleman Rossi Retrospective Life History

Study (men aged 26-35).  Logit regression was used to test the independent effects of wage,

education, family status, job tenure and length of residence on the individuals' decision to

migrate.

This study is grounded in the Economic Theory of migration that predicts an

individual will attempt to sell their services in the market that offers them the highest return.

In general for all three samples studied by Bartel, approximately two-thirds of all moves

involved a job separation (i.e., when a person voluntarily chooses or is involuntarily asked to

leave their job).  Voluntary moves that involved job separations that were made for economic

reasons are caused by organizational or market pull factors that affect an individuals’

decision to change jobs.

Bartel (1979) found that the measured effects of the independent variables on

migration depended heavily on the associated job separation (i.e., voluntarily quit or

involuntarily terminated).  In all three samples studied, individuals who voluntarily initiated a

separation and migrated had higher wage gains than those migrants who suffered

organizationally initiated separations.  In general, results indicate that one-half (52%) of all

interstate moves are associated with organizational or market factors that lead to a voluntary

decision to change jobs.  For example, if an individual lives in a location that does not
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provide degree related job opportunities they must decide to either remain in that area and

take a job that is unrelated to their degree or move to an area that does offer degree related

opportunities.

Bartel found that education has a positive and significant effect on migration at all

ages, such that it appears that more educated individual’s have a greater ability to adapt to

new locations and to search for jobs in other locations.  Costs of migration that are associated

with marital status were measured in terms of the wife’s labor participation, the wife’s hourly

wage and annual income and whether the respondent had school aged children.  In terms of

family status, for men in their 30s - 50s the affect of wives labor force participation has a

negative but non-significant effect on migration in all age groups.   Where as the presence of

school aged children had a negative but significant relationship with the decision to migrate

for voluntary separations of older men.  Job tenure was found to reduce the probability of a

job separation for all ages because of the positive correlation between tenure and job-specific

training.  In other words, as job tenure increases so does training and familiarity with that job

and as a result, the likelihood of migration decreases.  Length of residence in the current

location is an important determinant on the decision to migrate.  Individuals who have lived

in one place for a long time are said to have built up strong community ties and are less likely

to move (Bartel, 1979).

 College Aged Population Studies

 In order to understand the migration patterns of college graduates, it is helpful to

consider movement patterns of college students.  The study of student movement across state

lines is important for several reasons.  The number of graduates within a state in a given field

has a direct affect on the state labor market in that field.  If a state wishes to have an ample
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supply of highly skilled technology workers, then it must actively contribute to the

development of these workers.  Similarly, lower numbers of highly skilled workers creates a

deficit for that state and requires aggressive recruiting efforts at both academic and

organization levels if the state wishes to fill jobs and or attract new firms.  It has also been

proven that one who migrates once is more likely to migrate again (Plane & Rogerson, 1994;

Long, 1988).  Therefore, if an individual leaves their state of origin to pursue an education,

then it can be said that they may be predisposed to the option of moving in the future.  In this

section, articles related to college student migration will be reviewed.  First, an empirical

study that examines institutional level influences will be presented.  Then, regional and

individual level factors will be examined.

Fryman (1988) examined institution level factors thought to predict first-time

freshmen student migration of Iowa state residents to four-year public institutions outside the

state.  The U.S. Department of Education reports that in 1984 approximately 14% of the total

college student population in the U.S. crossed state boundaries to attend school.  In general,

freshmen attending private institutions were more likely to migrate across state boundaries

(45%) than those attending public institutions (14%).  Approximately 10% of Iowa’s college

freshman chose to cross the states’ borders to attend a public four-year institution during the

1984 fall semester.  Of those, 79% enrolled at one of the 67 public universities located in the

seven adjacent states.  Fryman’s study utilized institution level data obtained from the

Educational Directory, Barronns’ Guide to U.S. Colleges, Peterson’s Four Year Colleges,

College Costs, the Office of Education Resource and Information division and the National

Center for Educational Statistics.
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 Using bivariate correlation and stepwise multiple regression, Fryman examined the

relationship between the following factors and first-time freshman migration: distance

between the closest Iowa state boarder and the destination school, educational costs (out-of-

state tuition rates), institutional size (total institution enrollment), perceived quality of the

institution (index), the non-resident percentage at each institution (percent of out-of-state

enrollment excluding Iowans) and state admissions policies regarding non-resident students

(higher admission standards, quota restrictions, higher out-of-state tuition).  Detailed

statistical data allowed the author to match the twelve hundred students that migrated across

Iowa state lines with information regarding the specific destination institution.

 Results of Frymans’ study indicate that approximately three-fourths of migrating

students made relatively short moves and traveled no further than fifty miles from the Iowa

border.  A negative bivariate relation between distance and the number of Iowa students in

other states was observed (r= -.37) indicating that the greater the distance the less likely one

would find Iowa students enrolled.  A negative bivariate relation (r= -.32) was observed

between the numbers of Iowans enrolled out-of-state and tuition indicating that higher out-of-

state tuition hindered the enrollment of Iowa students or that low out-of-state tuition lured

them.  A positive correlation (r= .42) was obtained between the percentage of non-residents

and the number of Iowans enrolled out-of-state.  There was a negative but non-significant

correlation between enrollment and number of Iowa students.  Similarly, a non-significant

negative correlation was observed between institutional quality and the number of students

attending out-of-state institutions.  Stepwise regression was performed to determine which

variables best predicted student migration behavior.  Results of this analysis revealed that the

percentage of out-of-state students was the overall best predictor, distance was second, and
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tuition was third.  Enrollment and quality did not appear to have a significant association

with frequency of Iowans in the seven surrounding states.  The author notes that policy issues

intuitively have a significant effect on student migration, but acknowledges that this variable

could not be examined at the time of study.

 We should be careful not to generalize findings of this study.  Iowa only has three

four-year public institutions in the entire state, all located in the eastern part of the state.  In

many cases, it is closer for Iowa students to attend neighboring state universities than one of

the three Iowa institutions (Fryman, 1988).

Greenwood (1973) examined the regional mobility of college graduates based on

standardized metropolitan statistical areas (SMSA).  Greenwood asserts that income and

education are interdependent and that education is likely to play a crucial role in the quality

and quantity of information an individual acquires regarding a potential move.  Specifically,

this study examines the differences that region level factors have on the migration patterns of

white and non-white college graduates.  Previous research conducted by Greenwood

indicates that nonwhite gross-migration rates are lower than white gross-migration.  Data

related to education and color by SMSAs was obtained from Regional Census data.  Multiple

regression analysis was used to examine the following factors: median family income,

employment (white/ non-white), percent change in employment, rate of unemployment, and

regional area (dummy variables for south vs. non-south, west vs. non-west).

Results indicate that non-white college graduates are attracted to locations with high

levels of nonwhite income, but no similar trends where found for white graduates.  As one

would expect, areas with higher income levels were found to have lower out-migration rates

for both white and non-white individuals.  The size of the labor market exerts an important
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influence on migration.  Areas with larger labor markets were associated with larger rates of

in-migration.  Greater increases in employment were associated with higher in-migration and

lower out-migration.  The greater the rate of white employment growth, the lower the rate of

out-migration of whites, but no similar trends were found for non-whites.  Higher rates of

white unemployment in a given area were associated with lower rates of white in-migration.

Contrary to their hypothesis, out-migration of non-white graduates was lower in areas

with higher unemployment rates.  The author suggests that this may be due to the fact that

unemployment rates used in this study were based on white or nonwhite labor force

participation as a whole and not on the unemployment rates of white and non-white college

graduates.  Different results may have been observed if unemployment rates of college

graduates rather than total unemployment rates were examined.  Finally, neither regional

dummy variable was significant in the in-migration equation for non-whites, but both where

negative and significant for whites.  This suggests that in-migration rates of white college

graduates tend to be higher for SMSAs in the South and West than for those in the rest of the

country.  Not surprisingly, net in-migration rates of non-white college graduates tend to be

lower for Southern SMSAs than other areas in the country (Greenwood, 1973).  These results

may be due to the racial animosity historically observed in the south.

Ballweg & Li (1992) examine the effects of employment on migration of graduates

from land-grant universities in the south.  The authors contend that studies of migration of

college graduates based on individual differences are few and far between.  The study

provides insights into individual level factors that predict the probability of college graduates

migration across state lines.  Their basic hypothesis is that graduates move out of state in

response to economic incentives.
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The dataset used for the study was the Occupational Career of Former Students

Survey of Southern Land-Grant Universities conducted in 1986-87.  A survey of agricultural

students enrolled in universities across eleven southern states was conducted in 1976.  In

1986 almost a decade after their projected graduation date, the original survey was sent to the

same individuals who participated in the 1976 study.  Approximately 73% of the original

sample was located and of those, 92% completed the follow-up survey (N=1858).

Respondents from the follow-up survey were divided into four distinct groups; those whose

(1) first and present job were in the state where their degree was received (32.6%); (2) both

first and current jobs were outside the state their degree was received (27.6%); (3) first jobs

were in the state, but current job was outside the degree granting state (32.2%); and (4) first

job was outside the state but current job was within the state where their degree was received

(7.6%).

In order to determine what factors were most influential in decisions to accept a job

either in or out of the state, graduates were asked to describe the relative importance of

sixteen factors associated with employment.  The sixteen factors were classified into four

categories including: Economic Factors (Pay, Fringe benefits, and Security of job), Work

Characteristics (Challenges of work, Importance of work, Change for advancement,

Opportunity to use my education, Opportunity to develop new skills, Respect people have for

this kind of work, and Opportunity to travel), Environmental Situation (Working conditions,

Good work associates, Job as a whole, and Location of job), and Worker Independence

(Chance to be boss, and Amounts of supervision).  Respondents were asked to rate each

factor on a likert type scale that ranged from 1 (not important) to 5 (very important).

Analysis of variance was used to compare the mean score of each reason between migrant
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graduates and non-migrants.  Migration was measured as a dichotomous dependent variable

(i.e., whether respondents took their first job inside or outside the degree granting state).

Logistic regression models were used to estimate the effects of independent factors on the

dichotomous migration variable.

Results revealed that in accordance with previous studies, economic earnings were

found to be the most important factor for predicting employment migration of graduates.

Work characteristics were ‘claimed’ to be an important reason for accepting the first job by

male graduates who moved out of the degree granting state, while those who stayed within

state borders considered environmental conditions, such as location of job, more important.

The study found that these factors did not significantly influence female graduates.  Not

surprisingly, this study also revealed gender differences such that male graduates received

higher salaries and benefits than did female graduates on their first job.  On the basis of these

results, it would appear that in order for a state to retain its graduates, it must have

employment opportunities that appear more attractive in terms of economic characteristics,

work characteristics, environmental and worker characteristics to graduates than other jobs

outside the state.  Since we know that salaries are of primary importance for recent graduates,

it would behoove industries to offer salaries that are nationally competitive (Ballweg & Li,

1992).

Science & Engineering Graduates

Ideally, studies would have been included in this section if they dealt specifically with

the individual level factors that influence the migration patterns of recent college graduates in

science and engineering fields.  However, as noted in the previous sections this topic has

received minimal attention in the empirical literature.  Although no article in this section
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identically matches the criteria, this section reviews articles that relate to the movement of

science and engineering graduates.  The first study presented in this section examines the

migration patterns of foreign nationals earning a science or engineering Ph.D. in the United

States.  The second article reviewed examines the factors that influence the mobility of

military scientists and engineers.  Finally, factors that influence the aggregate migration

patterns of recent college graduates in science and engineering at the state level are

examined.

Finn, Pennington, & Anderson (1995) examined the behavior of foreign nationals

who received PhD degrees in science or engineering from U.S. universities during the 1984-

1990 period.  Specifically, this study addressed two questions; “What proportion of foreign

students stay to work in the U.S. after graduation?” and “Do foreign students who leave the

U.S. differ from those who stay?”  This study utilized individual level data obtained from the

National Science Foundations Survey of Earned Doctorates, the National Research Council’s

Survey of Doctorate Recipients Longitudinal File, and the Social Security Administration.

Social security numbers were requested from all respondents on the survey.  Stay rates were

determined by identifying individuals that reported earnings in the U.S.  In order to assure

that each respondent’s earnings could be traced, the Office of Social Security verified social

security numbers.  Any respondent that did not enter a valid social security number, and

could therefore not be traced, was removed from the analyses (~7%).

Specifically, the proportion of students who stay in the U.S. after graduation (i.e., stay

rates) were determined by calculating the proportion of foreign nationals who earned a

degree in science or engineering in 1984 and who reported at least $5,000 in earnings in

social security covered employment in any year from 1986 to 1992.  Surprisingly, the
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proportion of all foreign nationals (temporary residents) earning a degree in any science or

engineering field that remained in the U.S. after graduation proved to be quite stable across

time (40% 1986; 42% 1987; 43% 1988; 43% 1989; 43% 1990; 44% 1991; 42% 1992).  Stay

rates reported by sub-field reveal similar results for those earning an engineering degree, but

substantially lower rates for those earning degrees in either life science (range 24%-34%) or

social science (range 25%-28%) were reported.  While results for stay rates by degree appear

to be relatively stable, results indicate considerable variation in stay rates by country of

citizenship for those foreign nationals that received their degree 1987-1988.  Countries that

had above average stay rates were India (77%), Iran (72%), and the Peoples Republic of

China (66%).  Countries with stay rates below average include Japan (12%), Brazil (15%),

and Korea (20%).  These results were consistent across degree fields.  It is interesting to note

that foreign nationals from Taiwan, India, Iran, and Asia Pacific earning engineering or

physical science degrees were most likely to stay in the U.S. after graduation, and

engineering students from Japan and Korea were more likely than all engineering students to

leave the U.S. after graduation.  These differences may be a result of differential job

opportunities available to graduates in their country of origin compared to the opportunities

in the U.S. at the time of graduation.

Finn, et al. (1995) used descriptive information provided in the Survey of Doctorate

Recipients (SDR) Longitudinal File to compare individual characteristics of stayers’ and

leavers’.  The SDR is not a sample survey.  It is a complete census of new doctorate

recipients in the U.S that is administered close to the time of degree completion.  Collected

by the National Research Council, this file is an on-going census of all research doctorates

earned in the U.S. that is collected from individuals every two years.  The SDR is conducted
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by the National Research Council and is funded by several federal agencies.  The survey

changes every two years as the oldest cohort is dropped and a new cohort of graduates is

included.  Until 1989, the survey included Ph.D recipients who earned their degree during the

previous 42-year period.   The SDR contains data that allowed the authors to examine the

characteristics of a person most likely to stay in (or leave) the U.S. after they completed their

degree.  The 1991 survey revealed substantial differences in average salary between stayers

($55,590) and leavers ($42,800).  Higher salary market conditions may prove to be an

incentive strong enough to influence one’s decision to stay in the U.S. rather than migrate

back to their country of origin.  Similarly, this study seemed to support the notion that the

more embedded in the community or geographic area one is, the less likely they are to move

away from that area.  Marital status and the presence of school age children served as

measures of embeddedness.

Results indicated that in general, higher percentages of stayers were married  (1991:

79% vs. 43%; 1987: 64% vs. 57%), and had children (1991: 77% vs. 39%; 1987: 43% vs.

30%).  Similarly, higher percentages of stayers in 1991 were employed in industry (32% vs.

22%) or an academic tenure or tenure-track position (39% vs. 17%).  While higher

percentages of leavers in 1991 were employed in academic non-tenure track (22% vs. 16%)

or government / non-profit positions (39% vs. 13%).  Information based on these results

suggest that individuals with a degree in engineering, who earn higher salaries, are married,

have children, are employed in either industry or an academic tenure-track position, and who

are natives of India, Iran, or China are likely to stay in the U.S. after completing their degree

(Finn, et al, 1995).  Therefore, it appears that stayers tend to be embedded in the community
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in terms of marital / family status and who came from countries with lower market value for

their degrees.

Ellis, Barff, and Markusen (1993) examine state level factors that influence the

location and movement of defense related industrial workers in the U.S. space program.

They examine the hypotheses that the geographic location and general activity level of

military industrial firms and the government’s willingness to subsidize labor relocation

significantly affect interregional migration patterns of highly skilled scientists and engineers.

This study uses data obtained by the U.S. Department of the Census (1975-1980).  The

authors argue that because other locational factors dominate in the defense business and

because the government frequently pays for recruitment, workers in white-collar defense

related industries tend to follow jobs over time rather than vice versa.  Because blue-collar

workers are more likely to bear the cost of migrating than are professionals, they are less

likely to migrate.  The authors assert that state policy has with few exceptions been ignored

in either descriptive or analytical migration research concerned with trends in interregional

population movements.

Results of the study indicate several interesting findings.  First, defense related

workers were not more likely to migrate than non-defense workers.  In fact, the opposite was

true, privately employed workers least dependent on the military had the highest mobility

rates.  Second, the geographic destination of defense related workers was closely related to

areas with increased military spending.  Third, although scientists and engineers least

dependent on military funding have the highest mobility rates, those who are most closely

tied to defense spending tend to move farther.  Similar results were found in terms of blue-

collar workers, results indicate that those most dependent on military funds tend to move less
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often but farther than workers that are less dependent on military spending.  Together, these

results suggest that defense related workers follow jobs rather than vice versa.

Occupational categories of scientists and engineers with few ties to the military are

disproportionately concentrated in Delaware, New Jersey, West Virginia, and Louisiana.

Occupational categories include aeronautical engineers, oceanographer, physical scientist,

industrial engineer, agricultural scientist, nuclear engineer, and electrical engineer to name a

few.  Interestingly, states with a relatively large concentration in one of the categories of

defense dependency usually do not possess heavy concentrations of scientists and engineers

in other categories, which suggest a well-defined regional division of labor.  States with the

lowest concentration of defense scientists and engineers are Florida and Minnesota.

Migration patterns of defense related scientists and engineers tend to form new geographic

labor patterns such that as the proportion of workers in scientific and engineering

occupations that are dependent on defense dollars increases; there is a general tendency for

employment to gravitate toward Washington, California, Arizona, Florida, Texas, and New

England (Ellis, et. al., 1993).  Implications of this study suggest that defense related workers

are more mobile than non-defense related workers, and that white-collar workers in this area

are particularly more mobile.  In general, this study provides support for the theory that

highly skilled professionals in science and engineering are mobile.  This study has shown

that defense related personnel tend to go where the jobs are rather than waiting for the jobs to

come to them.

Tornatzky, Gray, Tarant, & Howe (1998) looked at the interstate migration and

retention of high school and college students.  This study is extremely relevant to the present

research in that it specifically examined state level factors that influenced post graduation
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employment of graduates in science and engineering fields.  The study utilized data obtained

from the National Science Foundations National Survey of Recent College Graduates, 1993.

From this database, the researchers developed state level indices of migration and retention.

This study was one of the first of its kind to measure and explain the “brain drain” that

threatens the economy of many states in this nation.

Outcome benchmarks of migration and retention were constructed from the database

on the basis of which state individuals received their degree and the state in which they were

employed following graduation.  Individual data were then aggregated to form state level

indices.  Using bivariate correlation and multiple regression analysis, Tornatzky, et., al.

looked at the relationship between the following sets of factors and the dependent measures

1) Geographic characteristics, 2) Industrial structure, 3) State economic performance, 4)

Federal spending, and 5) R&D technology intensity.

Results of this study indicate that the factors that predict state retention of its

graduates are different than the factors that predict net migration.  Geographic factors

including population and border permeability are significant predictors of both retention and

migration.  The percentage of a state’s high school graduates who stay in the state to attend

college also predicts both retention and migration.  State economic indicators including,

higher wages in the technology industry predict net migration, and lower in-and out-of-state

tuition at public universities serves to increase a states ability to attract students from other

states.

Specifically, state retention of individuals earning their most recent degree was

influenced by geographic factors including state population, and absence of geographic

patterns that permit border permeability, the states percent of students that stay at home to
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attend college, and the state’s income per capita.  Similarly, state retention of high school

graduates was influenced by the same factors that predicted retention of recent degrees plus

the percentage of a state’s workforce employed in the wholesale sector.  Results indicate that

geographic factors that states have little control over appear to be the strongest predictors of

retention at both levels.

Net migration of individuals earning their most recent degree was influenced by the

percentage of students that stay at home to attend college, the percentage of the states gross

state product, and the average cost of out-of-state tuition at public post-secondary

institutions.  The percentage of students that stay in the state to attend college was the most

powerful predictor.  Net migration of high school students was influenced by the average

cost of in-state tuition for public institutions, total state employment, the absence of

geographic factors that permit border permeability, average wage in the technology industry,

and federal defense funding per capita.

The results of this study lead to the current proposed research project.  Although

Tornatzky, et., al. took a relatively pioneering stab at explaining state level migration and

retention patterns, it is obvious that more research needs to be done to understand these

patterns at an individual level.  Understanding these patterns will allow academic institutions

and organizations in both the public and private sector to tailor their recruiting tactics and

enhance their competitiveness in the state of the new economy.
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Table 1.  Summary of Empirical Literature Review
GENERAL POPULATION STUDIES

Author
(Year)

Level of
Analysis Sample Methodology Independent Variables Dependent

Variables Results

Greenwood
(1969)

State General Pop:
Census data
(N=48)

Multiple Reg.

-Distance (Hwy mileage b/t states)
-Median male income (state)
-Median education (origin state)
-Median education (destination state)
-Unemployment (origin state)
-Unemployment (destination state)
-Mean yearly temperature ratio
(destination / origin)
-Migrant stock (#born origin / #
living in destination)

Migration Ratio:
(Origin - Destination)
Total Pop of Origin

Migrant stock (MS) had a positive relationship and was the single most important
predictor of state migration.  Distance had a negative relationship with Migration
and was the most important predictor when MS was left out of the equation.
Income was not significant when MS was included in the equation but had a
significant positive relationship with migration when MS was left out (Income
contributed least to the variance explained).  Education (Origin) had a positive
relation in both equations.  Education (Destination) had a positive relation without
MS but a negative relation when MS was included.  Unemployed (Origin &
Destination) both had a positive relationship with Migration.  Temperature had a
positive relation with migration such that the better the temperature in the
destination state the greater the likelihood of migration.

DaVanzo
(1983) Individual General Pop:

(N=5,000)
Polytomous
Logit Reg.

Location Specific Capital:
-Home Ownership
-Years in dwelling
-Education (# years)
-Age (dummy <20yrs)
-Move Distance
-Employment Status:

Migration as
Polytomous Variable
(Stay, return, or
move on)

Less reliable information for initial move increases the likelihood that one will
move again as a corrective measure.  Less educated individuals base their initial
moves on limited information, lowering their success rate of their moves and
increasing the likelihood of corrective return moves.  More highly educated
individuals are more likely to undertake an initial move and are more likely to
make subsequent onward moves.  Individuals who are more embedded in their
community (i.e., own a home) are less likely to move.  The longer the person
lived at the pre-initial move dwelling the more likely they were to return to that
area.  The farther the initial moves, the increased likelihood for a repeat onward
or return move.  Initial moves pressured by unemployment tend to be followed by
repeat moves.  Very young household heads are prone for return moves within a
year of their initial move.  The less promising the job market conditions in the
area of potential return the less likely a person is to choose that area over some
other destination if they move again.

Green (1997) Individual

General Pop:
Dual Career
Couples
(N=30)

Qualitative
Analysis:
Biographical
case study
with
structured
interviews

-Age
-Number of children
-Household structure
-Occupation
-Qualifications
-Employer Name / Address
-Mode of Transportation
-Distance to work
-Time to work
-Recent work history
-Recent migration history

N/A

Quality of life factors play a big role in the decision to move for dual career
couples.  Accessible semi-rural areas were the most preferred residential
environments for dual career households.  Many couples indicated a willingness
to commute (by car) long distances to work in order to live in semi-rural areas.
Couples also indicated a willingness to migrate for non-permanent employment
opportunities.

Bartel (1979) Individual

General Pop:
-Young men
    (N=1608)
-Mature men
    (N=1790)
-Middle aged
    (N=579)

Logit Reg.

-Wages
-Education
-Family status
-Job tenure
-Length of residence

Migration as a
Dichotomous
variable

Voluntary migrants had higher wage gains than involuntary migrants.  Individuals
with more education were more likely to move than those with less education.
Family status had a negative relationship with migration.  Community ties tended
to decrease the likelihood that one would migrate (e.g., having a working wife
and the presence of school aged children).  Increased job tenure and length of
time in residence decreased the likelihood of migration.
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Table 1. Continued
COLLEGE POPULATION STUDIES

Author
(Year)

Level of
Analysis Sample Methodology Independent Variables Dependent

Variables Results

Fryman
(1988) Institution

College
freshmen
(N=67)

Correlation
Stepwise Reg.

-Distance
-Tuition
-Enrollment size
-Quality of institution
-Non-resident percent

First time Freshman
Migration

Percent of non-residents (out-of-state student enrollment) was the best predictor
of freshman migration.  Distance was the second best and Tuition was the third
best predictor of student migration.  Enrollment and Quality had no effect.

Greenwood
(1973) Regional /

SMSA

White and non-
white college
graduates
(N= 66)

Multiple
Regression

-Median family income
-Employment (white / nonwhite)
-Percent change in employment
-Unemployment rates (white/
nonwhite)
-Southern region dummy (SMSA)
-Western region dummy (SMSA)

In-Migration
Out-Migration
Net Migration
Migration Efficiency

-White In-Migration: Employment negatively related.  Percent change in
employment, positively related.  Southern & Western region, negatively related.
-White Out-Migration: Median yearly income, negatively related. Employment,
negatively related. Percent change in employment, negatively related.
-White Net Migration: Median yearly income, positively related. Percent change
in employment, positively related.
-Non-white In-Migration: Median yearly income, positively related.
Employment, negatively related. Percent change in employment, positively
related.
-Non-white Out-Migration: Median yearly income, negatively related.
Employment, negatively related.  Unemployment rates, negatively related.
Southern region, positively related.
-Non-white Net Migration: Median yearly income positively related.  Percent
change in employment, positively related.

Ballweg & Li
(1992) Individual

College
graduates from
land-grant univ.
(N=1858)

ANOVA
Logistic Reg.

-Economic Characteristics
(Pay, Benefits, Job Security)
-Work Characteristics
(Challenge, Importance,
Advancement, Use of Education,
Develop skills, Respect, Travel)
-Environmental Situation
(Working conditions, Associates,
Job, Location)
-Worker Independence
(Boss, Supervision)

Migration as a
Dichotomous
variable

When asked the most important reason to migrate, respondents indicated
characteristics of the work as most important.  However, when rating items
individually, economic factors proved to be the most important variables involved
in the decision to migrate.
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Table 1. Continued
SCIENCE & ENGINEERING GRADUATES

Author
(Year)

Level of
Analysis Sample Methodology Independent Variables Dependent

Variables Results

Finn,
Pennington &
Anderson
(1995)

Individual

Foreign
nationals
earning U.S
PhDs
(N= 11,219)

Multiple Reg.

-Year of degree award
-Degree field or major
-Type of employer (industry or Gov)
-Marital status
-Number of Children

Migration as a
Dichotomous
variable

This study found that foreign nationals who tend to remain in the us after
completion of their degree have the following characteristics: degree in
engineering, originated in India, Iran, or the Peoples Republic Of China; earn
higher salaries; are married with children; and are employed in industry or a
tenured academic track position.

Ellis, Barff, &
Markusen
(1993)

State Military S&E
(N=48)

Census
Comparison

-Military affiliation
-Tie to military spending
-Geographic destination
-White collar vs. Blue collar workers

Migration as a
Dichotomous
variable

Defense related scientists and engineers are more mobile than non-defense related
workers with the same degree.  White-collar workers were particularly more
mobile than their blue-collar counterparts.  Defense related workers typically
migrate to areas where there are degree related job opportunities.

Tornatzky,
Gray, Tarant,
& Howe
(1998)

State
Recent College
Graduates
(N=49)

Correlation,
Benchmarking
Multiple Reg.

-Geographic
-Industrial Structure
-State Economic Performance
-Federal Funding
-R&D Intensity
-Policy Variables

High School Grad:
Migration
Retention

Recent Degree Grad:
Migration
Retention

-The most important predictor of state Net H.S. Migration was the average cost of
in-state public institution tuition.  Other variables found to predict H.S. migration
were total state employment, the absence of geographic factors that permit
migration, and average technology wages.
-Retention of H.S. graduates was predicted by the size of the state’s workforce,
absence of geographic factors permitting migration, percentage of in-state
students, state income per-capita, and the percentage of the states workforce in the
wholesale sector.
-Migration of Recent degree holders was predicted best by the percentage of
students staying in-state, gross state product, and the average cost of out-of-state
public tuition.
-Retention of most recent degrees were predicted by the size of the state
workforce, and the absence of geographic factors that permit migration, the ratio
of individuals that opt to stay at home to attend college, and state income per
capita.
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EMPIRICAL LITERATURE SUMMARY

The decision to migrate after graduation is complicated by a number of influential

factors.  After graduation from college, individuals who live in areas that do not provide job

opportunities related to their degree must decide to either stay in that area and take a job that

is unrelated to their degree, or move to an area that will provide relevant degree related

opportunities.  As we have seen, the decision to move can have profound effects on the

economy of a given area.  Understanding the individual level factors that influence this

decision is very important to policy makers and many businesses looking to recruit key

talent.  In combination, the results of the articles reviewed in the previous sections shape the

current research questions regarding individual level predictors of migration and retention for

science and technology workers.  In general, there were several variables that appeared to

have a significant impact on the decision to migrate.  The variables studied in the previous

sections can be classified into regional, organizational, and individual level variable

domains.  The following section summarizes what is known and what is not known about

migration and employment within these variable domains.

Regional Variables

There were several regional level variables examined in the previous sections that

may impact the migration patterns of science and technology workers.  Region level

variables can be decomposed into three specific variable domains, job market conditions,

economic performance, and geographic characteristics.  Job market conditions at the

regional level include employment and unemployment rates, average wages for technology

workers and aggregate educational attainment.  Economic performance variables include
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gross state product, and state income per capita.  Geographic characteristics include total

population, climate, and distance between origin and destination locations.  This section

summarizes what is known and unknown about the specific domains of region level predictor

variables.

Job market conditions are driven by supply and demand circumstances in the region.

Tornatzky, et. al. (1998) found that total state employment was a significant predictor of net

high school migration.  Similarly, Greenwood (1973) found that regions with larger labor

markets tended to have more people moving into those regions.  Contradictory results were

reported for the effects of unemployment such that regions with higher unemployment rates

were found to have fewer people entering or leaving the region (Greenwood, 1969; 1973).

The contradictory nature of these results may be due to the method in which unemployment

was measured in the two studies.  In the 1973 study, unemployment was measured as total

unemployment for the region rather than as the specific rate of unemployment for college

graduates.  Intuitively, we would expect that higher rates of unemployment would create a

surplus and decrease the demand for these workers.  Future research should examine how the

unemployment of college graduates in science and technology affects the mobility of the

labor force in that region.

Supply and demand conditions are also realized in the average market value of a

particular area.  In accordance with the economic theory of migration, average wages for

technology workers were found to be a significant predictor of the net migration of high

school graduates such that the higher the average wage in a given region, the higher the

average net gain would be in that area (Tornatzky, et., al, 1998).  In general, Bartel (1979)
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found that individuals who moved for a new job earned higher wages than did those who did

not move.

Median educational attainment was found to influence the perception of supply and

demand and ultimately influence one’s decision to move.  Greenwood (1969) found that the

higher the median educational attainment in a given region, the less likely one would be to

move there.  On the basis of these findings, one could speculate that areas with higher levels

of educational attainment appear as if they have a surplus of key talent and would therefore

serve as a deterrent to people choosing to move there.

Economic performance variables serve as a measure of economic stability.

Tornatzky, et., al, (1998) found that gross state product significantly predicted net migration

gains of individuals earning their most recent degrees.  Similarly, states with higher income

per capita were found to retain more of their own graduates earning their most recent degree

(Tornatzky, et. al., 1998).  On the basis of these results, it appears that states with higher

economic stability tend to attract and retain more individuals than states that have less

economic stability.  What is unclear is the magnitude with which individuals consider these

variables in the decision making process when deciding to move to or stay in a given region

or state.

Geographic characteristics at the region level were also found to affect mobility.  In

general, geographic variables cannot be affected by programmatic change, but can provide

policy makers and organizations alike with valuable information.  For example, if a region

does not have geographic characteristics that are considered desirable (climate, resources,

location, etc.), then state leader’s and/ or organizations can offer other incentives that will

attract people to their areas (e.g., tax breaks, higher wages, etc.).  Total population of a given
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region or state serves as a proxy variable for size.  Total population was found to influence

state retention of individuals earning their most recent degree (Tornatzky, et. al., 1998).

Greenwood (1969) found that regions with better or more temperate climates had higher rates

of people choosing to live there.  Areas with more temperate climates are typically

characterized by lower costs of living, and are therefore more appealing as a place to live.  It

is unclear what affects climate has on the migration decisions of graduates in today’s warmer

climates.

Many studies examined in the previous sections looked at the distance between the

origin and destination locations.  Distance appears to have a negative relation with one’s

decision to move such that the farther the destination, the less likely one is to move there

(Greenwood,1969; DaVanzo, 1983; Fryman, 1988; Ellis, 1993).  Regions with permeable

borders (e.g., New Jersey, Maryland, DC, Virginia, etc.) tend to have higher rates of out

migration than do states that have barriers to boarder penetration (Tornatzky, et. al., 1998).  It

is still unclear how distance affects an individual’s decision to move.  How far are people

willing to go today?  How is migration affected by the advancements in the

telecommunication industry?  Does the distance people are willing to travel differ by state?

Organization Level Variables

There were several organization level variables examined in the previous sections that

may impact the migration patterns of science and technology workers.  Organization level

variables can be decomposed into two specific variable domains work characteristics and

institution level characteristics.  Work characteristics include job relatedness, importance of

work, income, and field of degree.  Institution characteristics include tuition, institution size,
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commute distance, and out-of-state enrollment.  The following section summarizes what is

known and unknown about the specific domains of organization level predictor variables.

Work characteristics include factors that measure the type of work one does.

Although graduates reported job characteristics (e.g., challenging work, relatedness to

degree, prestige) as the number one reason for taking a job outside the state, they tended to

value financial rewards more than job characteristics (Ballweg & Li, 1992).  One explanation

for this result would be that ‘job characteristics’ is a more socially desirable response than

‘financial rewards’.  Therefore, in accordance with the economic theory of migration, when

asked what was most important to them, graduates tend to indicate financial rewards, but

when asked specifically why they moved they indicated in the socially desirable direction

(e.g., that job characteristics were their primary reason for moving).  What is not known (and

may never be known) is whether recent graduates genuinely believe that they are moving for

job characteristics, but quickly learn that financial rewards are more salient.  What is also not

known is how individuals most efficiently obtain information about the job or the geographic

region.

Studies show that defense related scientists and engineers were more likely to go

where the jobs were rather than the other way around.  Now that there is a de-emphasis on a

defense related economy, it is unclear if this trend will appear among other fields of scientists

and engineers (e.g., non-defense related life scientists, social scientists, chemical engineers

etc.) in the state of the new economy.  It is unclear whether individuals in certain degree

fields are more or less mobile than are individuals in other degree fields.  Further research

should examine the role of mobility among fields of study.
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In terms of institution factors, studies in the previous sections indicate that low

academic tuition (Fryman, 1988; & Tornatzky, 1998), and high educational capacity (or large

departments) (Finn, et. al., 1995) tends to attract individuals to them.  This is important

because policy makers can affect tuition and capacity levels in order to attract the type of

quality talent that is desired.  Further research will provide a better understanding of other

variables that impact one’s decision to move.  Fryman (1988) found that students typically

traveled less than 50 miles from the state border to attend college, even if that institution was

located across the states’ border.  Fryman (1988) also found that individuals gravitated

towards academic institutions outside the state that had high numbers of out of state students

in attendance.

Individual Level Variables

There were several individual level variables examined in the previous sections that

may impact the migration patterns of science and technology workers.  Individual level

variables can be decomposed into two specific variable domains, individual characteristics

and community embeddedness.  Individual characteristics include age, race, gender, and

education level.  Factors of embeddedness include the number of years in the home

residence, marital status, number of school age children, job tenure, dual career status, and

foreign national status.

Individual characteristics include factors that identify an individual.  In general,

younger individuals were found to be more mobile than their older counter parts (Bartel

1979; DaVanzo, 1983).  Although younger individuals have been more mobile in the past, it

is unclear what affect age will have on the mobility of the current workforce.  Baby boomers

have represented a large portion of the workforce for the last several decades, and as they
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age, will they keep pace with the mobile job market standards that they help put in place?

Similarly, an individual who moves once is more likely to move again at some point in the

future (DaVanzo, 1983).  Most studies focus on migration as a onetime event.  However, the

magnitude of this relationship is still unclear.  Does migration for educational purposes

predispose one to future moves?  What effects do age and time between moves have on the

likelihood of future movement?

Greenwood (1973) found that white individuals were more mobile than their black

counter parts.  It would be interesting to note the mobility differences between races in

today’s labor force.  Greenwood’s study was done in the late 1960s during the civil rights

movement, and only examined the differences in black and white individuals.  The current

workforce is much more diverse and yet little is known about the mobility of different races.

More research needs to be done in order to understand factors that predict mobility of

individuals within the various racial groups.

Gender is another individual characteristic that should be examined.  Historically,

men have been the ‘bread winners’ of the family and women where consistently expected to

follow their husbands careers.  While Green (1997) examined the mobility of dual career

households, he did not examine the specific affects that gender had on mobility.  Bartel

(1979) examined the mobility of men across the life span, but did not examine these effects

for women.  This is a serious deficit in the empirical literature.  It is unclear if there are

differences in individual mobility patterns among men and women.  One could speculate that

women have traditionally taken fewer risks, and have therefore been less willing to move, but

to date, there is no empirical evidence supporting this claim.  As the nature of the workforce

is changing and women, older workers, minorities, and foreign nationals are becoming more
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prominent stakeholders it is increasingly important to understand the affects that these

individual level characteristics have on the mobility of the ensuing workforce.

The notion of embeddedness also emerged as an important factor in the migration

decision.  Age, marital status, dual career status, the number of school age children, home

ownership, length of time at the current residence and job tenure have been used as measures

of embeddedness.  On the basis of the literature presented in the previous sections, it appears

the more ties one has to a particular area, the less likely they will be to leave that area.

Davanzo (1993) examined these affects and concluded that individuals who were more

embedded in their community (e.g., own a home, etc.) were less likely to move.  Similarly,

Bartel (1979) found that men who where head of household, with longer job tenure, and who

had lived in the same place of residence for longer periods of time were less likely to move.

Finn, et. al., (1995) found that foreign nationals who were married, and had school aged

children were also less likely to move.  Understanding the factors that influence ones’

decision to move can have significant impacts on the competitive advantage of the new

economy in this country.  It is still unclear how measures of embeddedness would fare in

today’s workforce.  What is the magnitude of the negative relationship between community

ties and mobility?  Do people have as many ties to their community today as they have in the

past?  What other ties (if any) affect the factor of community embeddedness?

As we have seen, there are many variables that affect the potential workforce.  The

decision to move can have profound effects on the economy of a given area, and

understanding the individual level factors that influence this decision is very important to

many policy makers and businesses looking to recruit key talent from across the country.  In

combination, the results of the articles reviewed in the previous sections have shaped the
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followed research questions regarding individual level predictors of migration for science

and technology workers.  The next section details the methodology of the present study.

METHODOLOGY
 Research Purpose

The preceding review indicates a clear deficit in the empirical literature with regard to

individual level factors that predict state level retention of recent college graduates in science

and technology fields.  The current research serves as a natural extension of the recent

research conducted by Tornatzky, Gray, Tarant, and Howe (1998).  Tornatzky, et. al., utilized

survey data collected by the National Science Foundation in 1993 to examine migration and

retention rates for U.S. states.  From the obtained database, the authors developed state-level

estimates of retention and migration for science and engineering trained personnel.  The

results of that study provide important insight into the recent policy debate regarding the

current brain drain phenomenon.  While that report provided valuable insight into the ability

of states to attract and keep their high school and college graduates, it is clear that further

investigation of individual level factors is needed.  Examination of individual level predictors

will be useful in our quest to understand the specific circumstances that predict the

movement and retention of key science and technology graduates in the new knowledge-

based economy.   This information will also benefit organizations in the private sector by

allowing them to utilize this information to develop competitive recruiting and retention

strategies.  The purpose of the current research study was to examine the following research

questions:

 Research Question 1a: Do the following demographic characteristics predict

retention/ high school and most recent degree at the bivariate level; age, race,

gender, and stayers?  1b: Does citizenship predict retention/ most recent degree?
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 Research Question 2: In combination, do the following demographic characteristics

predict retention/ high school and most recent degree at the domain level; age, race,

gender, stayers, and citizenship?

 

 Research Question 3: Do the following educational characteristics predict retention/

high school and most recent degree at the bivariate level; undergraduate GPA,

number of degrees earned, level of degree earned, or college major?

 

 Research Question 4: In combination, do the following educational characteristics

predict retention/ high school and most recent degree at the domain level;

undergraduate GPA, number of degrees earned,. Level of degree earned, and college

major?

 

 Research Question 5: Do the following social and financial characteristics predict

retention/ high school and most recent degree at the bivariate level; annual salary,

community embeddedness; professional sophistication; source of financial

assistance?

 

 Research Question 6: In combination do the following social and financial

characteristics predict retention/ high school and most recent degree at the domain

level; annual salary, community embeddedness; professional sophistication; source

of financial assistance?



74
 

 Research Question 7: In combination do the domain level variables predict high

school retention at the multivariate level; age, race, gender, stayers, undergraduate

GPA, number of degrees earned, level of degree earned, college major, annual

salary, community embeddedness; professional sophistication; and source of

financial assistance?

 

 Research Question 8: In combination do the domain level variables predict most recent

degree retention at the multivariate level; age, race, gender, stayers, citizenship,

undergraduate GPA, number of degrees earned, level of degree earned, college major,

annual salary, community embeddedness; professional sophistication; and source of

financial assistance?

 

National Survey of Recent College Graduates

The National Survey of Recent College Graduates (NSRCG) is an on-going project

that has been sponsored and maintained by the National Science Foundation since 1993.  The

NSRCG is a survey of science and engineering degree recipients who received bachelors or

master’s degrees from U.S. institutions of higher education.  The survey was designed to

provide data on four fundamental aspects of recent degree recipients entering the science and

engineering labor market including educational characteristics, employment characteristics,

various work-related information, and individual demographic information.  The primary

goal of the NSRCG was to create a comprehensive database regarding the future generation

of scientists and engineers.  The 1997 version of the NSRCG was used in this study.
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Survey Sampling

Extensive sampling procedures produced an initial sample of 275 colleges and

universities and 14,057 recent graduates across the United States and its surrounding

territories.  Of these, 1,032 respondents were ineligible.  The final sample of eligible

respondents that completed the survey consisted of 274 institutions and was made up of

10,452 recent graduates (response rate 82%).  The survey sampled respondents with degrees

in computer and math sciences, life sciences, physical sciences, social sciences, and

engineering.  Data weighting procedures accounted for unequal selection probabilities and

non-response rates at both the individual and institutional level.  These procedures produced

a representative sample from which conclusions about the general population of recent

graduates in science and engineering can be inferred.

Probability Sampling Procedures

The NSRCG design was based on a two-stage sample.  Westat, Inc., was the outside

vendor that NSF contracted to conduct the survey.  The first stage involved the selection of

institutions and the second stage involved the selection of individual’s within institutions.

First, colleges and universities offering bachelors and master’s degrees in science and

engineering were stratified and subsequently sampled proportional to size.  The second stage

was a little more complex.  Individuals within each institution were selected proportional to

institutional size based on the type of degree they received, the year they received it, and

their specific field of study.

Stage 1. Educational institutions were sampled with a probability-proportional-to-

size. Specifically, 102 large institutions offering bachelors and master’s degrees in science

and engineering from across the nation were sampled with a probability of one, and 173



76
smaller institutions offering relatively rare major specialties were sampled with a probability-

proportional-to-size.  In addition, universities with a higher proportion of Hispanics, African

Americans and foreign students were over-sampled.  Thus, consistent with the survey’s

goals, large and small institutions for all major fields of interest within the science and

engineering domain were sampled. Sampled institutions were asked to provide a roster of

graduates who received S&E bachelors or master’s degrees from their institutions between

July 1994 and June 1996.

Stage 2.  Recent graduates were then sampled within the representative sample of

institutions. Graduates were classified according to their major field of study and their type

of degree.  Westat, Inc., took precautions to ensure that all recent graduates included in the

survey received a bachelor’s or master’s degree from the institution from which they were

sampled, that the received degree was awarded within the time period (year) from which they

were sampled, that they were under the age of 76, and were living in the United States during

the survey target week (April 15th, 1997).  Graduates were then assigned a respondent

sampling rate.  Respondent sampling rates were determined by dividing the overall sampling

rate for the major fields by the institution’s probability of selection.  This selection process

ensured that the final sample would contain respondents from all institutions sampled, in all

major fields of interest, for both bachelors and master’s degree recipients during the survey

timeframe.

Data Collection

After obtaining the list of graduates to be surveyed, Westat went through lengthy

procedures to find these graduates.  Graduates were located using information provided by

school registrars, change of address services, and U.S. postal service change of address
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services, post office verification, referrals, and alumni office information.  A computer

telephone-number look-up service that provides phone numbers based on name and address

information was used to obtain respondent phone numbers.  Graduates were primarily

surveyed using computer aided telephone interviews (CATI). The overall response rate was

82% (n=10,452).  Of the 10,452 total respondents, 97% responded by CATI, and 3%

responded by mail.

Data collection was conducted from may through November 1997.  The CATI system

was very time efficient as it automatically guided interviewers through many complex “skip

patterns” reducing the potential for interviewer error.  Interviewers underwent a total of 16

hours of training.  To obtain maximum response rates, no limit was imposed on the number

of contact attempts interviewers could make.  Messages were left on answering machines for

difficult to reach respondents, asking them to call a toll free number.  Hard copies were also

mailed to hard to reach respondents.

Data Weighting Procedures

In addition to the careful sampling of institutions and individuals within institutions

that was conducted prior to data collection, individual weights were developed to

accommodate unequal selection probabilities, non-response rates and the possibility of being

sampled twice if respondents received both bachelors and master’s degrees.  In other words,

in some instances an individual’s responses were “counted” only once while in other

instances (in more rare major fields) were “counted” more than once.  So for example, if a

respondent had a particularly rare degree, or if there was something else special about that

type of respondent then that respondent’s responses would be given more weight in the data
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than a respondent who received a more common degree from a larger institution.  Weighting

adjustments were also made to account for non-response.

Study Population

The current research utilized data collected in the 1997 NSRCG Survey.  Variables

relevant to the movement and retention of recent graduates were extracted from the larger

NSRCG database to create a smaller data set.  The national NSRCG sample was refined to

include only the 7,910 respondents that were employed for profit full or part time during the

reference week (April 15th, 1997).  Although the NSRCG:97 sampling frame was intended

for recent graduates who received either a bachelor’s or master’s degree during the target

period, the two-year time frame actually allowed a small number of respondents to complete

an advanced degree (doctoral or other professional).  To maintain homogeneity of the

analysis population, respondents who indicated receiving a doctoral or other professional

degree as their most recent degree were eliminated from the sample.  Respondents who

reported receiving their most recent degree from an institution or country outside the U.S.,

those who received a non-science or engineering degree, or were missing grade-point-

average data were also removed from the analysis.  The final sample for the current analysis

included 7,741 employed NSRCG:97 respondents.  Further examination of the database

revealed that of the 7,741 respondents, only 6,963 attended a high school located in one of

the 50 U.S. states Washington D.C., or Puerto Rico and were therefore appropriate for a

measure of high school state retention.  Therefore, dependent measures of retention at the

high school level include only the 6,963 respondents who completed a high school degree in

the U.S. while retention measures at the university level will include the total sample

(n=7,741).
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Table 2.  Summary of Analysis Variables

VARIABLES CATEGORIZED BY
VARIABLE DOMAIN

VARIABLE DESCRIPTIONS

Retention
High School Degree Derived dichotomous variable (working or not working in the state where the

respondent received their high school degree). Respondents working in the same
state in which they received their high school degree will be considered “retained”.

Most Recent Degree Derived dichotomous variable (working or not working in the state where the
respondent received their most recent degree). Respondents working in the same
state in which they received their most recent degree will be considered “retained”.

Individual Characteristics
Age Respondents age at time of survey (5 yr increments)
Race Self reported race (Hispanic, White, Black, Asian, Native American)
Gender Self reported gender (Male or Female)
Stayer Dichotomous variable (whether or not the respondent went to college in the same

state in which they received their high school degree).  Those who attended college
in same state they attended high school will be considered “stayer” all others
labeled “leaver”

Citizenship U.S. citizen, U.S. permanent resident, U.S. temporary resident
Social & Financial Influences

Salary Self reported annual salary in 10k increments
Community Embeddedness Embeddedness measured as a composite index.  Respondents receive one point for

each of the following indicators: being married, dual earning household, and if they
have a school age child living in their household

Professional Sophistication
Professional Meetings The number of professional national or international society meetings respondents

reported attending in the last year
Professional Memberships The number of national or international professional society memberships

respondents reported current membership in the last year.
Financial Support

Assistantships / Work Study Self-report dichotomous item.  'Yes' received or 'No' not received
Employer Assistance Self-report dichotomous item.  'Yes' received or 'No' not received
Earnings from Employment Self-report dichotomous item.  'Yes' received or 'No' not received
Gifts Parents/ Relatives Self-report dichotomous item.  'Yes' received or 'No' not received
Tuition Waiver/ Grants/
Scholarships

Self-report dichotomous item.  'Yes' received or 'No' not received

Interest bearing loans School/
Bank/ Government

Self-report dichotomous item.  'Yes' received or 'No' not received

Education
Overall GPA Self report overall grade point average on a 4- point scale.
Number of degrees at Bachelor's
and higher

Self reported total number of academic degrees attained at the bachelor's level and
above

Highest degree attained Self reported highest degree attained (Bachelor’s or Master’s)
College Major Engineering, Computer/ Math Science, Life Science; Physical Science; Social

Science
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Dependent Variables:

Retention The NSRCG database affords the ability to look at two different measures of

retention.  Retention can be evaluated both at the high school level and the college/university

level by comparing the state in which an individual lived while completing an academic

degree (either high school or most recent college degree) and the state in which they were

employed during the target week of the NSRCG:97 survey.  Retention was measured based

on responses to “In what state or foreign country did you last attend high school”, “From

which college/ university did you receive your most recent degree (list state/ foreign

country)”, and “Who was your principle employer during the week of April 15th, 1997 (list

state/ foreign country)”.

Responses to survey items regarding state of high school and state of employment

were compared and high school retention was measured as a dichotomous variable (working

or not working during the target week in the state where the respondent received their high

school degree). Respondents who reported working in the same state in which they received

their high school degree were considered “retained”.  High School Retention was coded “1”

for retained and “0” for not retained.

Similarly, responses to survey items regarding state of college and state of

employment were compared and retention of respondents earning their most recent college

degree was measured as a dichotomous variable (working or not working in the state where

the respondent received their most recent degree).  Respondents who reported working in the

same state in which they received their most recent college degree were considered

“retained”.  Retention for Most Recent Degree was coded “1” for retained and “0” for not

retained.
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Independent Variables

Demographic Characteristics. : Demographic characteristics included in the present

study include respondent age, gender, race (Caucasian, African American, Hispanic, Asian,

Native American), citizenship (U.S. citizen, permanent resident, temporary resident), and

whether or not they crossed state lines for college (stayer, leaver).  All variables except

whether they crossed state lines for college were self-report (see appendix a for individual

items).

The variable “stayers” represents related but distinct variables for each outcome

measure.  For retention of high school graduates, stayers was defined as individuals who

attended college in the same state they attended high school, and leavers were those who left

the state and attended college in a different state than they attended high school.  Stayers at

the most recent degree level were also defined by individuals who attended college in the

same state they attended high school, and arrivers were defined as individuals who attended

high school in another state but attended college in the focal state.  The stayers variable was a

dichotomous variable based on responses to “in what state or foreign country did you last

attend high school”, and “from which college/ university did you receive your most recent

degree (list state/ foreign country)”.  The stayers variable was coded as “1” for stayers and

“0” for leavers/ arrivers.

Social and Financial Influences. Social and Financial characteristics examined in the

present study include degree of community embeddedness (range 0-3), level of professional

sophistication (range 0-2), annual salary ($10,000 increments), and type of financial

assistance received (Employer, Repayable Loans, Non-repayable Grants/ Scholarships,

Monies Earned from work, Other).
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 The concept of Community Embeddedness reflects variables that indicate the number

of ties one has to the community.  Research has shown that in general the more ties one has

to the area in which they live, the more difficult and hence, less likely it would be for them to

pick up and relocate (see Davanzo, 1993).  For the purposes of the present study, ties to the

community include being married, having a spouse working for pay, and having school aged

children in the home.  Embeddedness was measured as a rationally derived composite index

based on responses to “As of the week of April 15th, 1997 were you (1=Married,

0=Widowed,0=Separated, 0=Divorced, 0=Never Married)”, “During the week of April 15th,

1997 was your spouse working for pay (or profit) at a full-time or part-time job (1=Yes,

0=No)”, and “During the week of April 15th, 1997 did you have any school aged children(0-

18 years old) living with you as part of your family (1=Yes, 0=No)”.  Each of the three

survey items were converted to a dichotomous variable where “1” represented the presence

of the tie and “0” represented the absence of the tie.  The ties were added together to derive

an index of community embeddedness.  Responses could range from “0” (indicating the

absence of any ties) to “3” (indicating the presence of all three ties).

 Research has also shown that individuals who have more access to better and greater

amounts of information about opportunities and locations outside of their current location are

more likely to actually move (Greenwood, 1969; Bartel, 1979).  Professional Sophistication

was measured as a rationally derived composite index based on responses to “During the

past year, did you attend any professional society or association meetings or conferences?

Please include regional, national, or international. (1=Yes, 0=No)”, and “To how many

national or international professional societies do you currently belong? (List number)”.

The number of memberships item was converted to a dichotomous variable where “1”
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represented membership in at least one professional society and “0” represented having no

professional memberships.  The items were added together to derive an index of Professional

Sophistication.  Responses could range from “0” (indicating the absence of any professional

ties) to “2” (indicating the presence of both professional ties).

As we have seen, research suggests that individuals who move for employment

related reasons have greater financial gains (i.e., make more money) than do those who do

not (see Bartel, 1979).  Respondents were asked “Before deductions, what was your basic

annual salary on your primary job as of the week of April 15th, 1997? Do not include

bonuses, overtime, or additional compensation for summertime teaching or research”.

Annual salary was coded in increments of $10,000.

Related to annual income is level of financial need.  While the NSRCG did not

include an objective measure of financial need, it did include data on sources of financial aid.

Variables that refer to the specific sources of financial support are based on responses to the

survey item that asks “From which of the following sources, if any, did you receive financial

support for your most recent degree- mark all that apply? (Support from relatives not to be

repaid; Repayable loans from school, bank, government; Employer; Tuition waivers or

grants; Assistantships/work study; Earnings from employment; Other)”.  Respondents were

asked to indicate any source of assistance received.  Categories were not mutually exclusive

therefore, respondents could select as many as applied.  Reponses to this item were collapsed

and recoded to create separate dummy variables for each type of financial assistance.

Collapsed categories include assistance from Employer, Repayable loans, Non-repayable

loans/grants, Earned from work, and Other.  Dummy variables were coded “1” if the

respondent received that type of assistance and “0” did not receive that type of assistance.
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To date, research has not examined the impacts that type of financial support has on the

mobility of college graduates in S&E.

Education. Research has shown that in general, individuals with higher levels of

education have greater access to more sources and more accurate information, are in higher

demand, and are more mobile than their less educated counterparts (Bartel, 1979).

Educational characteristics examined in this study include self-reported overall

undergraduate grade-point-average (on a four point scale), self-reported number of degrees

achieved (bachelors and above), the level of degree attained (bachelor’s, master’s); and

college major.

Overall undergraduate grade point average was self-reported using a 4-point scale in

half point increments.  ”Using a 4-point scale, what was your overall undergraduate grade

point average?” (Mostly A’s (range 3.75-4.0); About half A-half B (range 3.25-3.74);

Mostly B’s (range 2.75-3.24); About half B- half C (range 2.25-2.74); and Mostly C’s (range

less than 2.0).

Respondents were asked to report the number of college degrees they had earned.

The variable used to measure number of degrees was based on responses to the survey item

that asks, “How many college or university degrees do you have at the bachelor’s level or

higher?”.   Level of degree was based on the survey item, “What type of degree did you

receive (as your most recent degree)? (Bachelor’s; Master’s; Doctorate; Other Professional;

Other)”.  To maintain consistency in the target population, only respondents indicating a

bachelors or masters as their most recent degree were examined.  Respondents who indicated

receiving a doctoral, other professional, or other degree as their most recent degree were not

included in the analysis.
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Variables assessing college major were based on responses to, “Using the education

codes listed on survey page 18-19, select the relevant degree field codes(s) and titles(s)” (see

appendix A).  Respondents indicated their specific major and all fields reported were later

collapsed and classified into one of five broad categories (Computer and Math Sciences; Life

and Related Sciences; Physical Sciences; Social Sciences; Engineering).

Analysis Methods

In order to test the relationship between individual characteristics and state retention,

a multivariate analysis model using logistic regression was employed.  Logistic regression is

a form of multivariate analysis that was specifically designed for use with discrete dependent

measures.  Logistic regression provides more flexibility and is more appropriate to use with

nominal dependent variables than other multivariate techniques.  Logistic procedures allow

us to predict the log-odds of falling into one rather than the other category, and logistic

procedures make no assumptions about the distribution of the independent variables included

in the model.  Unlike other types of multiple regression, the logistic method uses chi square

statistics to evaluate model fit (Tabachnick & Fidell, 1996).

Selecting one level of the variable to be the baseline and comparing the other levels to

it using logistic regression tested Polytomous variables.  Multiple comparisons across levels

were hand calculated and tested for significance with the t-statistic.  Effect size was

determined by calculating the odds ratio for each comparison across levels of a polytomous

variable.

There are two primary indices used to interpret logistic models, the odds ratio and the

analog R2.  An odds ratio is a statistic that indicates the size and direction of the effect of an

individual predictor on the dependent measure.  Odds ratios are interpreted relative to 1.0.
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An odds ratio of 1.0 would indicate the predictor has no effect on the outcome variable.  An

odds ratio above one indicates that every unit change in the predictor increases the odds of

retention by that amount.  For example, an odds ratio of 2.0 indicates that for every unit

change in the predictor, the odds of being retained increases two times.  An odds ratio below

one indicates that every unit change in the predictor decreases the odds of retention.

Therefore, an odds ratio of .50 indicates that every unit change in the predictor decreases the

odds of being retained by half.  The other statistic that is helpful to interpret logistic models

is the analog R2.  Analog R2 is a proportional measure of error reduction and can range from

zero to one.  An analog R2 of .25 indicates that in combination, the predictor variables

entered into the model proportionally reduce the error in predicting the log odds by

approximately 25 percent.

RESULTS

This section provides an overview of the descriptive statistics, and the results of the

predictive bivariate, domain, and multivariate logistic regression analyses.  As previously

stated, the focus of the present study was to identify individual characteristics that influence

state level retention of recent college graduates in science and engineering.  The following

variables were examined in the current analysis: age, gender, race, citizenship, stayers, type

of financial assistance received, annual salary, degree of community embeddedness, level of

professional sophistication, undergraduate GPA, number of post-secondary degrees, level of

post-secondary degree, and field of college major.  See Table 2 for a Summary of Analysis

Variables.
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DESCRIPTIVE STATISTICS BY VARIABLE DOMAIN

Since the high school sample is only a slightly smaller subset of the total study

population, all descriptive statistics will refer to the total college sample (n=7,741) see table

3.  Information regarding high school versus total sample populations is included in the

Methods section on Study Population.  There were no statistical differences between the two

samples.

Table 3.
Summary of Descriptive Statistics

High School (n=6,963) Most Recent Degree (7,741)
N % Mean SD N % Mean SD

Individual Characteristics
Age 6,963 100% 27.91 5.981 7,741 100% 28.21 6.03
Stayer 4,443 64% - - 4,443 57% - -

        Leavers 2,520 36% - - 3,298 43% - -
Gender 6,963 100% - - 7,741 100% - -

Male 4,206 60% - - 4,754 61% - -
Female 2,520 36% - - 2,987 39% - -

Race 6,963 100% - - 7,741 100% - -
Caucasian 4,958 71% - - 5,131 66% - -
Hispanic 721 10% - - 805 10% - -
African American 806 12% - - 899 12% - -
Asian 390 6% - - 816 11% - -
Native American 88 1% - - 90 1% - -

Citizenship 6,963 100% - - 7,741 100% - -
US Citizen 6,842 98% - - 7,065 91% - -
Permanent Resident 110 2% - - 313 4% - -

  Temporary Resident 11 0% - - 363 5% - -
Educational Characteristics

Undergraduate GPA 6,963 100% 3.17 0.41 7,741 100% 3.20 0.41
Number of Degree's 6,963 100% 1.29 0.51 7,741 100% 1.35 0.55
Major 6,963 100% - - 7,741 100% - -

Engineering Major 2,312 33% - - 2,679 35% - -
Computer & Math Major 744 11% - - 957 12% - -
Life Science Major 919 13% - - 956 12% - -
Physical Science Major 754 11% - - 818 11% - -
Social Science Major 2,234 32% - - 2,331 30% - -

Level of Degree 6,963 100% - - 7,741 100% - -
Bachelors 5,227 75% - - 5,487 71% - -
Masters 1,736 25% - - 2,254 29% - -

Social & Financial Characteristics
Salary (10k) 6,963 100% 32,295 15,915 7,741 100% 33,144 16,184
Embedded 6,963 100% 0.67 1.01 7,741 100% 0.71 1.02
Professional Sophistication 6,963 100% 0.85 0.82 7,741 100% 0.85 0.83
Financial Assistance 6,963 100% - - 7,741 100% - -

Employer Assistance 1,065 15% - - 1,207 16% - -
Repayable Loans 3,664 53% - - 3,935 51% - -
Non-repayable Grants 5,741 82% - - 6,344 82% - -
Money Earned Working 5,268 76% - - 5,881 76% - -
Other Sources 115 2% - - 133 2% - -
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Retention

Respondents who reported working in the same state in which they received their

degree, either high school or college, were considered retained by the state.  Of the eligible

high school population, 57% (n=3,957) reported working in the same state in which they

received their high school degree and were considered retained, while 43% (n=3,006) were

not retained.  Of the most recent degree population, 62% (n=4,801) reported working in the

state in which they received their most recent degree and were considered retained, while

only 38% (n=2,940) were not retained.

Demographic Characteristics

Demographic characteristics included in the analyses were respondent age, gender,

race, citizenship, and stayers.  Of the 7,741 respondents, the average age of respondents

included in the study was 28.  The majority were male 61% (n=4,754).  Not surprisingly,

91% were U.S. citizens (n=7,065)(either native born or naturalized), while only 4% were

Non-U.S. citizens-Permanent resident (n=313) and 5% were Non-U.S. citizens-Temporary

residents (n=363).  When asked about racial background, 66% self-identified themselves as

Caucasian (n=5,1331), 12% African American (n=899), 11% Asian (n=816), 10% Hispanic

(n=805), and 1% Native American (n=90).  The majority of respondents 57% (4,443) were

considered Stayers by staying in-state for college, while leavers/ arrivers who crossed state

lines for college made up 43% (n=3,298) of the total study population.

Social and Financial Influences

Social and Financial characteristics included in the analyses were degree of

community embeddedness, level of professional sophistication, annual salary, and type of

financial assistance received.   Embeddedness was measured by the number of ties one had to
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their community.  Of the 7,741 survey respondents, the majority 63% (n=4,910) had no ties

to the community (not married, no spouse working for pay, and no children in the home); 9%

(n=695) reported having one tie, 20% (n=1,559) reported having at least 2 ties, and only 7%

(n=577) reported having all three ties.

Professional Sophistication was measured as a composite index of professional

society memberships and meeting attendance within the last year.  Professional sophistication

could range from zero to two.  Of the total study population, the majority 42% (n=3,290)

reported having no professional ties (did not attended professional meeting and did not claim

membership in any professional organization), 30% (n=2,307) reported at least one

professional tie, and 28% (n=2,144) reported both attending a professional meeting and

membership in at least one professional society or organization.

Annual salary was measured in increments of $10,000.  Annual salary ranged from

less than $10,000 to $298,000 with an average annual salary of $33,144.  Multiple response

variables that indicate sources of financial assistance included, Employer Assistance 16%

(n=1,207), Non-Repayable monies such as parent/ family support, scholarships and grants

82% (n=6,344), or Interest Bearing Loans such as those from a bank, parent, or relative 51%

(n=3,935), or money earned from Work 76% (n=5,881). To date, research has not examined

the impacts of financial support on the mobility of college graduates in S&E.

Education

Educational characteristics included in the analyses were self-reported overall

undergraduate grade-point-average (on a four point scale), self-reported number of degrees

achieved (bachelors and above), the level of degree attained (bachelor’s, master’s); and



90
college major (Computer and Math Sciences; Life and Related Sciences; Physical Sciences;

Social Sciences; and Engineering).   

Overall undergraduate grade point average was measured on a 4-point scale in

increments of a half point.  Of the total study population, 12% (n=907) reported mostly A’s

(GPA range 3.75-4.0); 33% (n=2,589) about half A-half B (GPA range 3.25-3.74); 42%

(n=3,234) mostly B’s (GPA range 2.75-3.24); 12% (n=895) about half B- half C (GPA range

2.25-2.74); and 1% (n=116) Mostly C’s (GPA range less than 2.0).

Respondents were asked to report the number of college or university degrees they

earned at the bachelor’s level or higher.  Sixty-eight percent (n=5,302) earned one degree;

28% (n=2,171) earned 2 degrees, 3% (n=248) earned 3 degrees; and less than 1% (n=20)

earned 4 degrees.

Of the total study population, 71% (n=5,487) of respondents reported their highest

degree to be a Bachelor’s and 29% (n=2,254) reported their highest degree was a Master’s.

Respondents indicated their specific major and all fields reported were collapsed and

classified into one of five overall major fields: Engineering 35% (n=2,679), Social Sciences

30% (n=2,331), Computer and Math Sciences 12% (n=957), Life and Related Sciences 12%

(n=956), and Physical Sciences 11% (n=818).

Analysis Strategy

The statistical analysis followed a three-stage approach using logistic regression.  In

the first stage, all predictor variables were subjected to individual bivariate analysis with each

of the dependent measures.  All significant predictors were then grouped by variable domain

and these predictions were tested.  Finally, in the third stage, all variables significant at the

domain level were combined and included in the full model for multivariate analysis.
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Because the ultimate goal of the present study was to produce a multivariate model of

retention the results will highlight significant variables and the direction of the effect at the

bivariate and domain level, and a more detailed interpretation of the odds ratios will be held

for the final multivariate analysis.  As large samples can influence tests of statistical

significance a conservative ‘p’ level of p< .001 was utilized.

BIVARIATE ANALYSIS

 Retention of High School Graduates

 Bivariate relationships between twelve individual predictor variables and retention/

high school were examined (see Table 4).  Results of this analysis found ten of the twelve

variables to be significant predictors of retention at the high school level while only two

variables failed to predict.  Age and community embeddedness failed to predict retention at

the high school level and they were dropped from subsequent analyses.  Of the ten significant

predictors, only stayers/ leavers was hypothesized to have a positive relationship with

retention/ high school and this relationship was supported at the bivariate level.  Support was

found for six variables hypothesized to have a negative relationship with retention; gender,

GPA, number of degrees, level of degree, annual salary, and professional sophistication.

Support was also found for three polytomous variables hypothesized to have a significant

relationship with retention; race, major, and financial assistance.  All significant relationships

supported the hypothesized direction.
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Table 4.
Summary of Bivariate Logistic Relationships with State Retention
High School (n=6,963)
 Coefficient Odds ratio X2 df 
Individual Characteristics

Age -0.00606 0.994 2.25 1 
Stayer 2.3605 10.596** 1907.39 1 
Gender (Males vs Females) -0.2169 0.805** 19.1 1 
Race (Caucasian Reference) - ** 101.69 4 

Hispanic vs Caucasian - 2.282** - - 
Black vs Caucasian - 1.11 - - 
Asian vs Caucasian - 1.440** - - 
Native American vs Caucasian - 1.353 - - 

Educational Characteristics
GPA -0.2117 0.809** 58.9 1
Number of Degree’s -0.4928 0.611** 109.08 1
Major (Engineering Reference) - ** 123.74 4

Computer & Math vs Engineering - 1.574** - - 
Life Sciences vs Engineering - 1.842** - - 
Physical Sciences vs Engineering - 1.139 - - 
Social Science vs Engineering - 1.789** - - 

Level of Degree (Masters vs Bachelors) -0.6384 0.528** - - 
Social & Financial Characteristics

Salary (10k) -0.1555 0.856** 96.72 1
Embedded -0.00243 0.998 0.0102 1
Professional Sophistication -0.1044 0.901** 12.64 1
Financial Assistance (Employer Assistance) - ** 22.13 4

Repayable Loans vs Employer Asst. - 1.183** - - 
Non-repayable Grants vs Employer Asst. - 1.128* - - 
Money Earned Working vs Employer Asst. - 1.086 - - 
Other Source vs Employer Asst. - 1.064 - - 

* p<.01   **p<.001
 

Retention of Most Recent Degree

 Bivariate relationships between thirteen individual predictor variables and retention/

most recent degree were examined (see Table 5).  Results indicate that twelve of the thirteen

variables were significant predictors of retention of most recent degree recipients, while only

one failed to predict at the bivariate level.  Professional sophistication failed to predict

retention and was dropped from subsequent analyses.  Of the twelve significant predictors,

three were found to have a positive relationship with retention/ most recent degree; age,

stayers/ arrivers, and embeddedness.  Support was found for five variables hypothesized to
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have a negative relationship with retention/ most recent degree; gender, GPA, number of

degrees, level of degree, and annual salary.  Support was also found for four polytomous

variables hypothesized to have a significant relationship with retention/ most recent degree;

race, citizenship, major, and financial assistance.  All significant relationships supported the

hypothesized direction.

Table 5.
Summary of Bivariate Logistic Relationships with State Retention
Most Recent Degree (7,741)
 Coefficie Odds ratio X2 df

Individual Characteristics
Age 0.055 1.057** 165.6 1
Stayer 1.4277 4.169** 872.92 1
Gender (Males vs Females) -0.2131 0.808** 19.44 1
Race (Caucasian Reference) - ** 77.36 4

Hispanic vs Caucasian - 1.937** - -
Black vs Caucasian - 0.965 - -
Asian vs Caucasian - 0.884 - -
Native American vs Caucasian - 1.773* - -

Citizen (US Citizen Reference) - ** 24.64 2
Permanent Resident vs US Citizen - 1.393** - -
Temporary Resident vs US Citizen - 0.645** - -

Educational Characteristics
GPA -0.0989 0.906** 14.2 1
Number of Degree’s -0.096 0.908** 5.22 1
Major (Engineering Reference) - ** 101.82 4

Computer & Math vs Engineering - 1.490** - -
Life Sciences vs Engineering - 1.551** - -
Physical Sciences vs Engineering - 1.203 - -
Social Science vs Engineering - 1.746** - -

Level of Degree (Masters vs Bachelors) -0.145 .865** 7.98 1
Social & Financial Characteristics

Salary (10k) -0.118 0.889** 65.27 1
Embedded 0.1655 1.180** 50.73 1
Professional Sophistication 0.0183 1.019 0.41 1
Financial Assistance (Employer Assistance) - ** 35.43 4

Repayable Loans vs Employer Asst. - 0.993 - -
Non-repayable Grants vs Employer Asst. - 0.717** - -
Money Earned Working vs Employer Asst. - 1.153** - -
Other Source vs Employer Asst. - 1.122 - -

*p<.01    ** p<.001
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DOMAIN LEVEL ANALYSIS

 In the second stage of analysis, significant variables at the bivariate level were

grouped by domain and multivariate relationships were examined for each domain (see

Tables 6 and 7).   All non-significant predictors at the bivariate level were dropped from

domain level analyses.

Retention of High School Graduates

 Demographic Characteristics:  Of the three demographic variables tested for

retention/ high school, all three remained significant at the domain level (see Table 6).  The

variables examined in this analysis included stayers/ leavers, gender, and race.  The direction

of the effects was consistent with bivariate effects.  The overall model for the domain of

demographic characteristics at the high school level was significant (X2  =1969.71, df= 6, p<

.0001).  In combination, demographic characteristics were subjected to goodness of fit

analysis.  Results of this analysis indicate that the analogue R2 for the model was 26.08.

Therefore, knowing respondents demographic information reduces the error in predicting

retention/ high school level by 26%.

 Educational Characteristics: Of the four educational variables tested, three were

found to be significant and only one failed to predict retention/ high school (see Table 6).

Number of degrees failed to predict and was therefore dropped from further high school

analyses.  Significant predictors included undergraduate GPA, level of degree, and college

major.  The direction of the effects was consistent with bivariate effects.  The overall model

for the domain of educational characteristics at the high school level was significant (X2

=282.15, df= 7, p< .0001).  In combination, educational characteristics were subjected to

goodness of fit analysis.  Results of this analysis indicate that the analogue R2 for the model
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was 3.05.  Therefore, the model is said to reduce the error in predicting state retention at the

high school level by 3% from knowing information about the respondent’s educational

history.

Table 6.
Summary of Domain Logistic Relationships with State Retention

High School (n=6,963) Domain
 Coefficient Odds ratio X2 df
Individual Characteristics                     (Domain R2= 26.08%)  1969.71 6

Stayer 2.346 10.440** - -
Gender (Males vs Females) -0.262 0.770** - -
Race (Caucasian Reference)  ** - -

Hispanic vs Caucasian 0.582 1.791** - -
Black vs Caucasian 0.103 1.109 - -
Asian vs Caucasian 0.312 1.367** - -
Native American vs Caucasian 0.200 1.221 - -

Educational Characteristics                  (Domain R2= 3.05%)  282.1575 7
GPA -0.178 .836** - -
Number of Degree’s 0.031 1.032 - -
Level of Degree (Masters vs Bachelors) -0.597 .550** - -
Major (Engineering Reference)  ** - -

Computer & Math vs Engineering 0.522 1.686** - -
Life Sciences vs Engineering 0.560 1.752** - -
Physical Sciences vs Engineering 0.114 1.122 - -
Social Science vs Engineering 0.561 1.753** - -

Social & Financial Characteristics        (Domain R2= 1.22%)  114.83 6
Salary (10k) -0.073 0.929** - -
Professional Sophistication -0.082 0.921** - -
Financial Assistance (Employer Assistance)   - -

Repayable Loans vs Employer Asst. 0.114 1.121 - -
Non-repayable Grants vs Employer Asst. -0.024 0.976 - -
Money Earned Working vs Employer Asst. 0.106 1.112 - -
Other Source vs Employer Asst. 0.065 1.068 - -

*p<.01   ** p<.001
 

 Social and Financial Characteristics:  Of the three social and financial variables that

were tested for retention/ high school, two were found to be significant and one failed to

predict (see Table 6).  Financial assistance failed to predict retention and was excluded from

further high school analyses.  Significant predictors included annual salary, and professional

sophistication.  The direction of the effects was consistent with bivariate effects.  The overall

model for the domain of social and financial characteristics at the high school level was
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significant (X2 =114.83, df= 6, p< .0001).  Social and financial characteristics were subjected

to goodness of fit analysis.  Results of this analysis indicate that the analogue R2 for the

model was 1.22.  Therefore, the model is said to reduce the error in predicting state retention

at the high school level by about 1% from knowing information about the respondent’s social

and financial history.

Most Recent Degree Retention

Demographic Characteristics:  Of the five demographic variables tested for

retention/ most recent degree, all five remained significant at the domain level (see Table 7).

The direction of the effects was consistent with bivariate effects.  The variables included in

this analysis included stayers/ arrivers, age, gender, race, and citizenship.  The overall model

for the domain of demographic characteristics at the most recent degree level was significant

(X2  =1253.59, df= 9, p< .0001).  In combination, demographic characteristics were subjected

to goodness of fit analysis.  Results of this analysis indicate that the analogue R2 for the

model was 13.89.  Therefore, the model is said to reduce the error in predicting state

retention at the most recent degree level by 14% from knowing the respondents demographic

information.

 Educational Characteristics:  Of the four variables tested in the educational domain

for retention/ most recent degree, two remained significant and two failed to predict (see

Table 7).  Number of degrees and level of degree failed to predict and will not be included in

the final multivariate model.  Significant educational characteristics included undergraduate

GPA and college major.  The direction of the effects was consistent with bivariate effects.

The overall model for the domain of educational characteristics at the most recent degree

level was significant (X2  =118.29, df= 7, p< .0001).  In combination, educational
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characteristics were subjected to goodness of fit analysis.  Results of this analysis indicate

that the analogue R2 for the model was 1.16.  Therefore, the model is said to reduce the error

in predicting state retention at the most recent degree level by 1% from knowing information

about the respondent’s educational history.

Social and Financial Characteristics:  Of the three variables tested in the social and

financial domain for retention/ most recent degree all three remained significant.  Significant

variables included annual salary, community embeddedness, and financial assistance.  The

direction of the effects was consistent with bivariate effects.  The overall model for the

domain of social and financial characteristics at the most recent degree level was significant

(X2  =189.78, df= 6, p< .0001).  In combination, social and financial characteristics were

subjected to goodness of fit analysis.  Results of this analysis indicate that the analogue R2

for the model was 1.88.  Therefore, the model is said to reduce the error in predicting state

retention at the most recent degree level by about 2% from knowing information about the

respondents social and financial history.

 The overall multivariate model for retention at the high school level was significant

(X2=2118.25, df= 14, p< .0001).  In combination, the high school multivariate model was

subjected to goodness of fit analysis.  Results of this analysis indicate that the analogue R2

for the model was 28.61.  Therefore, the combined effects of all domain level variables

reduce the error in predicting state retention at the high school level by about 29%.  The

combined effects of these variables represent an incremental reduction in error when

predicting retention/ high school of approximately 3% from the individual domain level

analysis of only 26%.
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Table 7.
Summary of Domain Logistic Relationships with State Retention

Most Recent Degree (7,741)
Domain

 Coefficient Odds ratio X2 df
Individual Characteristics                   (Domain R2= 13.89%) 1253.59 9

Age 0.0749 1.078** - -
Stayer 1.6271 5.089** - -
Gender (Males vs Females) -0.2344 0.791** - -
Race (Caucasian Reference)   

Hispanic vs Caucasian - 1.633** - - 
Black vs Caucasian - 0.943 - - 
Asian vs Caucasian - 1.039 - - 
Native American vs Caucasian - 1.474 - - 

Citizen (US Citizen Reference)   
Permanent Resident vs US Citizen - 2.209** - - 
Temporary Resident vs US Citizen - 1.502** - - 

Educational Characteristics                (Domain R2= 1.16%) 118.29 7
GPA -0.0934 0.911** - -
Number of Degree’s 0.1066 1.112 - -
Level of Degree (Masters vs Bachelors) -0.1772 0.838 - -
Major (Engineering Reference)   

Computer & Math vs Engineering - 1.519** - - 
Life Sciences vs Engineering - 1.530** - - 
Physical Sciences vs Engineering - 1.200 - - 
Social Science vs Engineering - 1.737** - - 

Social & Financial Characteristics      (Domain R2= 1.88%) 189.78 6
Salary (10k) -0.1698 0.844** - -
Embedded 0.1895 1.209** - -
Financial Assistance (Employer Assistance)   

Repayable Loans vs Employer Asst. - 0.949 - -
Non-repayable Grants vs Employer Asst. - 0.676** - - 
Money Earned Working vs Employer Asst. - 1.165** - - 
Other Source vs Employer Asst. - 1.101 - - 

 
*p<.10   **p<.01   *** p<.001

MULTIVARIATE ANALYSIS

Finally, all variables significant at both the bivariate and domain level were combined

and subjected to overall multivariate analysis for each of the dependent variables.  Results of

the overall final model are presented in Tables 8 and 9.

 High School Degree Multivariate Analysis: Of the eight variables tested for

retention/ high school, three variables failed to predict.  The variables that fell out of the

model include gender, level of degree, and professional sophistication.  Significant predictors
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at the bivariate and domain levels that remained significant in the full multivariate model at

the high school level included stayers/ leavers, race, undergraduate GPA, college major, and

annual salary.  It was hypothesized that in combination, the variables entered into the final

multivariate model would produce a significant model that would decrease the error in

predicting retention/ high school degree compared to the domain level analysis.  Results of

this analysis are presented in Table 8.

 By far, the predictor with the largest effect size was Stayers/ leavers.  The odds of

being retained in the state in which one went to high school was over 10 times greater (odds=

10.343) for those individuals who stayed in-state for college.   Race was a significant

predictor.  Hispanics and Asians were consistently more likely to be retained by the state in

which they received their high school degree than either Caucasians (odds= 1.707) (odds=

1.444) or African Americans (odds= 1.740) (odds=1.470).  There were no other significant

differences between the races.

 Undergraduate GPA was found to have a significant negative relationship with

retention/ high school in the final multivariate model such that for every half point increase

in undergraduate GPA, the odds of being retained rather than not by the high school state

decreases .877 times.  Major proved to have a significant relationship such that engineering

majors were consistently the most mobile and least likely to be retained by the state in which

they went to high school than were individuals who chose other majors.  The odds of being

retained by the state were consistently higher for Computer/ Math majors (odds= 1.651), Life

Science majors (odds= 1.712), and Social Science majors (odds= 1.874) than for Engineers.

There were no other significant comparisons among majors at the high school level.
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 Salary had a significant negative relationship with retention/ high school such that for

every $10,000 increase in salary, the odds of being retained by the state in which the

individual went to high school decreased by .926 times.

Table 8.
Summary of Multivariate Logistic Relationships with State Retention

High School (n=6,963)
Multivariate

 Coefficient Odds ratio X2 df

Individual Characteristics
Stayer 2.336 10.343** - -
Gender (Males vs Females) -0.060 0.941 - -
Race (Caucasian Reference)   - -

Hispanic vs Caucasian - 1.707** - -
Black vs Caucasian - 0.984 - -
Asian vs Caucasian - 1.444 -
Native American vs Caucasian - 1.117 - -

Educational Characteristics
GPA -0.131 0.877** - -
Level of Degree (Masters vs Bachelors) -0.108 0.897 - -
Major (Engineering Reference)   - -

Computer & Math vs Engineering - 1.651** - -
Life Sciences vs Engineering - 1.712** - -
Physical Sciences vs Engineering - 1.221 - -
Social Science vs Engineering - 1.874** - -

Social & Financial Characteristics
Salary (10k) -0.077 0.926** - -
Professional Sophistication -0.024 0.976 - -

*p<.01   ** p<.001   *** p<.001 Overall Model Analog R2 =28.61%
 

 Most Recent Degree Multivariate Analysis: Of the ten variables tested for

retention/ most recent degree, four variables failed to predict.  The variables that fell out of

the model include gender, undergraduate GPA, community embeddedness, and sources of

financial assistance.  Significant predictors at the bivariate and domain level that remained

significant in the full multivariate model for the most recent degree included stayers/ arrivers,

age, citizenship, race, college major, and annual salary.  It was hypothesized that in

combination, the variables entered into the final multivariate model would produce a
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significant model that would decrease the error in predicting retention/ most recent degree.

Results of this analysis are presented in Table 9.

 By far, the predictor with the largest effect size was stayers/ arrivers.  The odds of

being retained in the state in which one received their most recent degree was over 5 times

greater (odds= 5.049) for those individuals who stayed in-state for college.   Age proved to

have a significant positive relationship with retention/ most recent degree such that for every

five-year increase in age, the likelihood of being retained by the state in which one received

their most recent degree increased 1.081 times.  Citizenship was found to have a significant

relationship with retention/ most recent degree such that U.S. citizens are less likely to be

retained than are either permanent or temporary residents.  Permanent residents have odds of

being retained that are 2.269 times greater than U.S. citizens and temporary residents have

odds of being retained 1.601 times greater than U.S. citizens.  Race had a significant

relationship with retention/ most recent degree.  Hispanics were the most likely to be retained

and least likely to move.  Hispanics had odds of being retained 1.608 times greater than

Caucasians, 1.76 times greater than African Americans, and 1.38 times greater than Asians.

While not as mobile as Caucasians, African Americans are more mobile than Hispanics,

Asians, and Native Americans.  African Americans had odds of being retained .78 times

lower than Asians and .66 times lower than Native Americans.  There were no other

significant differences between the races.

 College major was found to have a significant relationship with retention/ most recent

degree such that engineers were more mobile and less likely to be retained than individuals

who choose other science or engineering majors.  The odds of being retained by the state

were consistently higher for computer/ math majors (odds= 1.317), and social science majors
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(odds= 1.450) than for engineers.  There were no significant differences between engineers

and physical science majors, but similar to engineers, physical science majors were also less

likely to be retained than either computer/ math (odds= 1.21) or social science (odds= 1.333)

majors.  In addition to being more likely to be retained than engineers, and physical science

majors, social science majors had odds of being retained that were 1.25 times higher than life

science majors.  There were no other significant comparisons among majors at the most

recent degree level.

Salary was found to have a significant negative relationship with retention/ most

recent degree such that for every $10,000 increase in salary, the odds of being retained

decreases by .851 times.

The overall multivariate model for the most recent degree was significant

(X2=1395.18, df= 20, p< .0001).  In combination, the most recent degree multivariate model

was subjected to goodness of fit analysis.  Results of this analysis indicate that the analogue

R2 for the model was 15.70.  Therefore, the combined effects of all domain level variables

reduce the error in predicting state retention at the most recent degree by about 16%.  The

combined effects of these variables represents an incremental reduction in error when

predicting retention/ most recent degree of approximately 2% from the individual domain

level analysis of only 14%.
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Table 9.
Summary of Multivariate Logistic Relationships with State Retention
Most Recent Degree (7,741) Multivariate
 Coefficient Odds ratio X2 df
Individual Characteristics

Age 0.077 1.081** - -
Stayer 1.619 5.049** - -
Gender (Males vs Females) -0.056 0.945 - -
Race (Caucasian Reference)   

Hispanic vs Caucasian - 1.608** - -
Black vs Caucasian - 0.911 - -
Asian vs Caucasian - 1.167 - -
Native American vs Caucasian - 1.383 - -

Citizen (US Citizen Reference)   
Permanent Resident vs US Citizen - 2.269** - -
Temporary Resident vs US Citizen - 1.601** - -

Educational Characteristics
GPA -0.025 0.975 - -
Major (Engineering Reference)   

Computer & Math vs Engineering - 1.317** - -
Life Sciences vs Engineering - 1.157 - -
Physical Sciences vs Engineering - 1.091 - -
Social Science vs Engineering - 1.450** - -

Social & Financial Characteristics
Salary (10k) -0.161 0.851** - -
Embedded 0.051 1.053 - -
Financial Assistance (Employer Assistance)   

Repayable Loans vs Employer Asst. - 0.893 - -
Non-repayable Grants vs Employer Asst. - 0.819 - -
Money Earned Working vs Employer Asst. - 1.052 - -
Other Source vs Employer Asst. - 1.007 - -

*p<.10   **p<.01   *** p<.001 Overall Model Analog R2  = 15.70%

Multivariate Summary:  Of the variables tested in the present study, there appears to

be a core set of predictors common to both retention of high school graduates and most

recent degree recipients.  The predictive models varied slightly depending on the dependent

measure that is examined.  There were four significant variables common to both high school

and most recent degree recipients and they include stayers/ leavers- arrivers, race, college

major, and annual salary.

In addition to the core predictors common to both dependent measures, the retention

model for high school graduates also includes undergraduate GPA.  It appears that
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individuals who do better academically in high school will be more likely to move outside of

the state for employment opportunities later.  While GPA did not prove to be a significant

predictor in the model for most recent degree, two additional variables, age and citizenship,

were found to predict over and above the core predictors for recent degree.  By pure

definition of the high school population, citizenship was not testable at the high school level,

and therefore could not have been part of the high school retention model.

There are substantial differences in the analog summary statistic accounting for the

aggregate effect of all predictors introduced into each model.  The combination of predictors

in the high school model serve to reduce the error of prediction by producing an analog R2 of

29% while the combination of predictors in the most recent degree model only reduce the

error by 16%.  The difference in these results can likely be accounted for by differences in

the effect size of the stayer/ leaver- arriver variable.   Due to the sheer magnitude of these

effects, it appears necessary to conduct an exploratory analysis of the stayer variable.

Exploratory Analysis

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 they worked after college graduation.

A similar multistage approach was followed for the exploration of the stayers variable as was

followed for the primary analyses.  All predictor variables were examined at the bivariate,

domain, and multivariate level using stayers as the dependent measure. See Table 10 for a

detailed summary of bivariate, domain, and multivariate results.

Of the nine variables that remained significant at the bivariate and domain level, six

failed to predict stayers when tested at the multivariate level.  The variables that dropped

were; age, race, number of degrees, college major, salary, and professional sophistication.
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The three variables that proved to have a significant relationship with stayers included

undergraduate GPA, financial assistance, and level of degree.

Undergraduate GPA was found to have a significant negative relationship with

stayers such that for every half point increase in GPA the individual is .803 times less likely

to stay in-state for college (odds= .803).

Financial assistance was found to have a significant relationship with stayers.   In

general, individuals who receive financial assistance from their employer or from working

are more likely to stay in-state for college than individuals who receive non-repayable

monies for college in the form of grants, scholarships, and parental assistance.  Results prove

that individuals who receive non-repayable grants, scholarships, or assistance from parents

are less likely to stay in-state for college than either individuals who receive financial

assistance from their employer or from work.  Individuals who receive non-repayable

funding have odds of staying in-state for college that are .872 times less likely to stay in-state

for college than individuals who receive assistance from their employer, and are .590 times

less likely to stay in-state for college than individuals who earn money from work.

Individuals who receive financial assistance that must be repaid in interest bearing loans, etc.

have odds that are .650 times less likely to stay in-state for college than are individuals who

earn money from work.

 Level of degree was found to have a significant negative relationship with stayers

such that an individual earning a master’s degree was .464 times less likely to stay in-state

for college.
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Table 10.
Summary of Bivariate, Domain, and Multivariate Logistic Relationships with Stayers

 
Bivariate

odds ratio
Domain

odds ratio
Multivariate

odds ratio
Individual Characteristics

Age 1.031** 0.970** 1.000
Gender (Males vs Females) 1.130* 0.911 -
Race (Caucasian Reference)

Hispanic vs Caucasian 0.636** 1.564** 1.447**
Black vs Caucasian 1.213* 0.816 0.681**
Asian vs Caucasian 3.094** .323** 0.420**
Native American vs Caucasian 0.740 1.413 1.191

Educational Characteristics
GPA 1.383** 0.806** 0.803**
Number of Degree’s 2.589** 0.738** 0.769
Major (Engineering Reference)

Computer & Math vs Engineering 1.072 1.059 1.126
Life Sciences vs Engineering 0.613** 1.388** 1.277
Physical Sciences vs Engineering 0.974 0.938 0.872
Social Science vs Engineering 0.738** 1.188* 1.124

Level of Degree (Masters vs Bachelors) 3.210** 0.478 0.464**
Social & Financial Characteristics

Salary (10k) 1.163** 0.875** 0.979
Embedded 1.063* 0.998 -
Professional Sophistication 1.076* 0.945* 1.020
Financial Assistance (Employer Assistance) **

Repayable Loans vs Employer Asst. 0.761** 1.243** 0.953
Non-repayable Grants vs Employer Asst. 0.818** 1.083* 0.872*
Money Earned Working vs Employer Asst. 0.807** 1.272** 1.472**
Other Source vs Employer Asst. 1.216 0.825 0.863

* p<.01   **p<.001 Overall Model Analog R2  = 8.66%

DISCUSSION

State retention of college graduates in technical fields is a growing concern in the

state of the new economy.  As industry moves away from manufacturing, knowledge

becomes a very important factor in the success or failure of the new economy.  In this

environment, a states’ economy is able to thrive to the extent that they are able to attract,

employ, and retain highly skilled people.  Retaining this talent becomes a challenge as

knowledge workers are in high demand throughout the country and as a result are highly

mobile.  Forty-three percent of high school graduates in this study found work in a state
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different from the one in which they received their high school diploma.  In most arenas, a

return on investment of a little over 50% would not be enough to sustain business.

Retention is a bigger issue for some states than others.  In a previous study, it was

noted that states like California, Georgia, Texas, Michigan, and Massachusetts were in the

top quartile for their ability to retain both high school and most recent degree graduates.

While Maine, New Hampshire, North Dakota, Vermont, West Virginia, and Wyoming were

in the bottom quartile for retaining high school and recent degree graduates (Tornatzky, et.

al., 1998).  Within the top quartile of the previous study, are several “nation states”, either

large in area and population (California, Texas) or high wage states (Massachusetts,

Michigan).  While states in the bottom quartile tend to be smaller with lower average wages.

The relevant literature in this area was limited.  Many of the studies reviewed pre-

dated 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 individual demographic variables.  Most of the studies were

based on small non-probability samples that seriously undermined the confidence one could

place in generalizing the results of their findings to a broader audience.

This research was the first of it’s kind to examine these issues on a national level and

come to some firm conclusions regarding the factors that predict and fail to predict state level

retention of college graduates in science and engineering fields.  This study took advantage

of a large national probability sample with a high response rate that was representative of

multiple disciplines, and cut across many demographic segments.  Many questions addressed

in this study have never been addressed in previous studies.
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Although an excellent source of data, the NSRCG was not comprehensive.  There

were few psychological variables captured, and it was necessary to use crude proxy’s to

measure some constructs such as community embeddedness and professional sophistication.

There were some interesting variables that were not captured by the NSF survey.  The survey

did not capture student’s access and utilization of internship or co-op opportunities.

Information on the student’s exposure to potential employers in their local area would have

been ideal.  However, the NSRCG did not afford that capability.  The survey did not provide

temporal items that referenced specifically how long it had been since the respondent

graduated.  We can hypothesize that there could only be a two year window between college

graduation and the survey.  The longer one is out of school, the more opportunities there are

to move for work.  Therefore, there may be differences among the groups depending on the

length of time after graduation before the survey was administered.  It is unclear whether

these results will generalize beyond this short two-year period immediately after graduation.

What happens to these graduates in five years or ten years after graduation?

The sampling strategy used to collect data was an appropriate method for examining

overall national level effects.  However, in order to test the relationship between retention

and state, it became necessary to pair down the larger dataset and exclude some respondents.

Excluding respondents changed the stratification of the sample and may have effects on these

results.  The sampling procedures were not designed for probability samples within states

therefore, breaking out state level differences became difficult because sample sizes were

small and were not probability samples.

The current analysis of graduate retention began with a large number of potential

predictors, but ended with only a few proven to be statistically significant.  It is interesting to



109
note the indicators that did not predict retention.  Many seemingly promising variables did

not lend support to our understanding of the phenomenon of retention in the multivariate

model.  These variables include: gender, community embeddedness, professional

sophistication, level of degree, number of degrees, and sources of financial assistance.

Many, if not all, of these variables seemed to be related when examining one-to-one

relationships with each of the measures of retention, but the significance of these effects

proved to be redundant with other variables included in the multivariate model.  For example,

gender had a significant relationship with retention at the bivariate level, such that females

were more likely to be retained, but when combined with other variables in the multivariate

model it did not remain statistically relevant.  Therefore, contrary to the traditional

stereotype, gender does not offer a unique contribution to the retention model.

Race was an important statistical predictor, but it was a crude proxy for other

variables that were not captured by the NSRCG instrument (e.g., socioeconomic status,

cultural differences, immigrant status, etc.).    One possible explanation that Asian’s and

Hispanic’s were shown to be retained may be that they represent relatively new generations

of American’s and are striving to embed themselves in the community and put down roots.

This finding is confounded by region.  In a larger study publication that examined state level

and regional characteristics along with individual characteristics, race did not prove to be a

significant factor in predicting retention.  Due to multi-dimensional nature of race, the

variance explained by the race variable overlapped with other variables in the analysis and

failed to produce a significant statistical effect.

There were only four statistically significant variables common across both dependent

measures of retention.  By definition, citizenship could only be tested in relation to retention/
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most recent degree and for those individuals who graduated from a U.S. institution and were

working within the states.  Permanent residents had greater odds of being retained than

temporary residents but results indicated that in general, non-U.S. nationals were more likely

than U.S. citizens to stay and work in the state where they received their most recent degree.

Foreign students may play a critical role in the U.S. science and engineering workforce.

Viewing the world market as the best possible talent pool suggests that U.S. economic

development will benefit if universities attract the smartest people from around the world.  If

foreign students who are permanent residents are more likely to stay where they received

their most recent degree than U.S. citizens then it would be beneficial to integrate these

students into local business and industry early on in their academic careers.

Of the core variables common across both dependent measures, stayers were by far

the largest predictor of where an individual would work after college graduation.  At the high

school level, the odds of retaining an individual who went to high school and college in the

same state is 10 times greater than the odds of retaining someone who did not stay in-state

for college.  At the most recent degree level, the odds of retaining ‘stayers’ are 5 times

greater than for arrivers.  Admittedly, some students will decide to leave home to attend

college in another state and there is nothing that can be done about it.  However, states

should monitor the number of leavers they have relative to the number of out-of-state arrivers

that they gain.  To some degree, arrivers counter balance the effects of the leavers.  State’s

that are able to attract at least as many students as they lose will have an advantage in the

new economy.  In an attempt to retain the best and brightest, some states have implemented

tuition scholarship programs that reward top students for staying in-state for college.

Georgia’s Hope Scholarship and Florida’s Bright Future’s are examples of these initiatives.
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Some states, Maryland for instance, target specific majors and disciplines, while some states

require that students work in state after graduation or the scholarship becomes a loan.  In

theory, these programs should serve to combat the brain drain problem, but they are either

too new or have not been subject to rigorous quantitative evaluation to fully understand their

effectiveness at retaining top talent.

Race was a common predictor for both retention measures.  The base-line category in

this polytomous analysis was Caucasian.  In general, it appears that Caucasians are the most

mobile, and African American’s second.  Multiple comparisons between races revealed that

by and large, Hispanics and Asians tend to have the highest retention rates.  While race is

obviously not a characteristic that one can change, policy makers would be wise to target the

traditional stayers in order to keep them in-state or attract more mobile races from other

states.  States should encourage and assist Hispanic students to attend college in their state

because they are more likely to be retained after graduation.

College major was a common predictor for both measures of retention.  Engineers

were the base-line category in this polytomous analysis.  Results clearly indicated that

Engineers appeared to be more mobile and therefore less likely to be retained than were any

of the other majors examined.  Social science majors were consistently the most likely to be

retained of any of the majors examined.  Multiple comparisons between majors revealed that

physical science majors were also less likely to be retained by the state than were computer/

math, life, or social science majors.  It is possible that the nature of engineering and physical

science career patterns are increasingly important in the new economy there are options that

may decrease the rate at which these skill sets are depleted from a given state.  For example,

Arkansas and Pennsylvania have targeted financial assistance programs for individuals with
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specific skill sets.  Students who are engaged in local industry early during their educational

experience are less likely to leave.  Increased opportunities for internship or co-op positions

would also support this cause.

Annual salary was a common predictor for both measures of retention.  As salary

increases the likelihood of being retained by the state from which you graduated decreases.

The demand for skilled knowledge workers in these types of jobs creates a new marketability

that was not the case in the manufacturing days.  Today’s graduates have very specific skills

sets that make them marketable and in order to remain competitive in the new economy

industry is willing to pay for it.  As a result, skilled labor, if they are willing to move, can

demand higher wages.  States need to insure that conditions are in place that supports higher

wages for both individuals and jobs within their state.

Retention of high school graduates was negatively related to GPA, but GPA was not

related to retention of most recent degree recipients.  Results indicate that many high school

graduates leave the state for college and are not likely to return for work after graduation.

Results of the exploratory analysis indicate that as GPA increases, the odds of stayers (e.g.,

staying in-state for college) also decrease.  Many states have developed programs that were

specifically designed to keep their best and brightest home for college.  The Georgia Hope

Scholarship, or Florida Bright Futures Scholarship was designed with this in mind.  States

that target their own top talent high school graduates will have an advantage in the new

economy.

Although age had a significant relationship with retention/ most recent degree it did

not have a relationship with retention/ high school.  Perhaps age does not affect the decisions

of young high school graduates when the possibilities of life choices may seem endless, but it
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does appear to have an anchoring affect later in the life planning process when moving may

be perceived as an inconvenience or incompatible with other life choices as one gets older.

Results of this study indicate that by far, stayers had the largest impact on state level

retention of both high school and recent degree recipients.  Future research should consider

examining variables that help understand the decision making process that students go

through when deciding where to live and work after graduation.  Efforts should be made to

examine variables that were not currently available including information on access to and

utilization of internships or co-op’s, length of time between graduation and time surveyed,

number of moves prior to time of survey, when and where they lived previously, and where

they received information about jobs or other states.  Attempts should also be made to insure

that differences between states can confidently be determined based on appropriate sampling

procedures at the state level.

Understanding the cognitive processes behind the decision to move or stay will

enable industry leaders and public policy makers alike to specifically target recruiting

initiatives.  Establishing a working knowledge of this type of information should be an on-

going process.  As the economy changes over time there will be caveats and mutations of the

key drivers of retention.  The ability to have a finger on the pulse of the top talent pool will

afford industry and states a competitive advantage that is good for this country on a global

level.  Regardless of the current recession, future projections indicate that there will be a

shortage of highly qualified labor in the science and engineering fields in the coming years.

It would be interesting to see how the state of the current economy will effect the demand,

market, and mobility of these workers in the future.
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