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Abstract : Human capital and higher education have been increasingly emphasized with the rise of a knowledge-
based economy. Cities are recognized as places to attract human capital and spur economic development. Educated
workforce supply is one of the critical parts to sustain IT industries, which have been leading recent economic
development. This paper examines factors affecting geographies of educated workforce supply from colleges and
universities to companies in U.S. metropolitan areas through questionnaire survey and interviews with IT companies
and IT-related programs at colleges and universities. The results show that: (1) physical proximity between IT
companies and colleges/universities enhances the degree of educated workforce supply from colleges/universities to
IT companies; (2) IT companies which seek more specialized and rarer expertise recruit the workforce from colleges
or universities over longer distance; (3) colleges and universities which offer a higher degree have geographically more
extensive supply of educated workforce to IT companies than those which offer a lower degree; and (4 large IT
companies have more geographically extensive supply of educated workforce to colleges/universities than small IT
companies.
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1. Introduction

With the rise of a knowledge-based economy,
where knowledge generation and exploitation
are key to the creation of wealth (Romer, 1986),
innovations have become a key to business
success, and knowledge workers have become
among the fastest growing groups in workforce
(Drucker, 1993, 2002; Nonaka & Takeuchi, 1995).
The jobs of knowledge workers require formal
and advanced schooling, and higher education
institutions are increasingly recognized as
important contributors to a knowledge-based
economy. An educated workforce has been
understood as “human capital” in the sense that
it is assets that yield income and other useful
outputs. Human capital includes not only formal
educational endowments but also the skills,
know-how, and experiential knowledge
embodied in individuals (Bozeman &
Mangematin, 2004, p. 565), and education and
training are the most important investment in
human capital. Human capital models have been
developed from the works by Becker (1962,
1964) and Schultz (1963), and their major
research topics include the effects of schooling
and training on average individual earnings and
factors influencing earnings, education, and
occupation.

Cities attract creative people and thus spur
economic growth (Jacobs, 1984). What sustains
the economies of cities is the productivity effects
associated with human capital endowments
(Lucas, 1988). Lucas (1988) contends that cities
are simply a collection of factors of production
and should fly apart according to traditional
economic growth theory. The force behind of the
central role of cities in economies is the

externalities of human capital. According to

Florida (2003), creative people, among human
capital, are key to economic growth and prefer
cities that are innovative, diverse, and tolerant.
Cities, in human history, have always been
places where human capital and creative people
are concentrated.

Colleges and universities, developed from the
medieval organizations of cultural conservation,
preservation, and knowledge transmission, are a
significant provider of human capital, which is a
critical input for industrial innovation in a
knowledge-based economy. Graduates from
colleges and universities become qualified
employees and embody technical knowledge
and know-how. They are involved in industrial
innovation through production processes.
Industry representatives repeatedly state that
providing trained students-the result of a tight
coupling between research and education-is one
of the primary contributions of colleges and
universities (Feller, 1999: 83). An educated labor
supply is increasingly important for high
technology companies, and to achieve a pool of
educated labor is significant for national and
regional economic growth and development.

Despite the increasing attention paid to and
growing number of studies on the relationships
between human capital, higher education, and
industrial innovation, geographies of human
capital have been one of less studied areas.
Understanding diverse extents of supply and
demand of educated workforce and various
factors affecting their geographies has been
increasingly significant to develop human capital
which is crucial to national and regional
economic development. Previous research on
geographies of human capital has been limited to
national and/or regional investigations or

comparisons by variables such as schooling
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costs, individual wage, employee performance,
labor mobility, and economic growth (e.g., Klaus,
2003; Murphy and Welch, 1989; Mincer and
Jovanovic, 1982). The purpose of this paper is to
understand diverse geographies of human capital
by investigating educated workforce from
colleges and universities to companies and to
provide policy implications for regional human
capital development.

2. Theoretical Backgrounds and
Previous Studies

Theories regarding human capital and
educated workforce start from neoclassical
theories of economic growth. Solow (1956) views
the aggregate output of a region or country as a
function of workforce, capital, and technology,
with technology treated as an exogenous
variable. According to his theory, increase in
workforce quantity and quality results in output
growth. Population growth and investment in
education are considered as a factor to bring
economic growth, however, specific ways to
grow workforce remain unexplained. While
increasing investment in workforce and capital
results in diminishing returns to investment,
exogenously derived technological changes bring
continuous economic growth by raising the
productivity of workforce over time (Todaro,
1997: 88-90). Traditional neoclassical theory fails
to explain the process of technological changes
by regarding them as exogenous and
independent although they are the primary factor
to bring long-term economic growth (Todaro,
1997: 90-91). Dissatisfaction with traditional

economic growth theory produced endogenous

(new) growth theory which attempts to explain
technological change by focusing on the factors
that raise productivity growth (Todaro, 1997: 90-
93). By assuming that investments in human
capital, infrastructure, or R&D generate external
economies and productivity improvements that
offset the natural tendency for diminishing
returns, endogenous growth theory seeks to
explain the existence of increasing returns to
scale and the divergent long-term growth
patterns among countries (Todaro, 1997: 91-92).
Lucas (1988) and Romer (1990) developed
human capital-centered models. According to the
Lucas model, an individual’ s human capital
increases his/her own productivity and the
productivity of other workers.” The externality
results in higher economic growth rates in those
regions that invest more to accumulate human
capital. In Romer’ s model, the source of
externalities is the stock of knowledge, which
increases the productivity of workforce and
capital over time, resulting in higher economic
growth rate (Mathur, 1999). In Lucas’ s and
Romer s human capital models, human capital is
the most important input for production, and
technological progress is the result of investments
in education and research. Education is
emphasized as the way through which human
capital and stock of knowledge are accumulated.
It is assumed that individuals acquire education
because it leads to higher wages and that
different degrees of national and/or regional
investment in education are reflected in
persistent income differentials between their
workforces (Stokey, 1991; Lucas, 1993). In the
recent knowledge-based economy, where
knowledge workers who need advanced
education are a key to economic growth and

development, the role of higher education is
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increasingly significant.

This body of endogenous theory models,
unlike traditional neoclassical growth theory,
éxplains technological change as an endogenous
outcome of investments in human capital. Higher
education institutions are important to provide
advanced education to develop qualified human
capital. Thus, they suggest an active role of
public policy in promoting economic growth
through investments in human capital formation
(Fuente & Ciccone, 2003; Todaro, 1997: 93).
However, specific ways to accumulate human
capital and the stock of knowledge are not
suggested in these endogenous growth models.?

Research on national and regional innovation
systems approach recently brings attention to
colleges and universities. This emphasizes
interactive characteristics of innovation, bringing
attention to geographically-bound innovation
systems (for example, see Lundvall, 1992;
1993;
Heidenreich, 1998). Universities are often

Nelson, and Braczyk, Cooke, &
recognized as participants in innovation systems.
Case studies of innovation systems provide
examples of successful or unsuccessful
relationships between universities and
companies. For example, Silicon Valley is
recognized as a regional innovation system
where excellent research universities are
emphasized as an R&D provider and a seedbed
of spin-offs (Saxenian, 1994). The regional
innovation system in Ontario, Canada (Wolf &
Gertler, 1998) shows weak relationships between
universities and companies, and blame the
tradition of foreign ownership and reliance on
imported technology. While case studies of
innovation systems provide anecdotal examples
of the roles played by higher education for
industrial innovation, they are often confined to

briefly mention R&D contributions and spin-off
functions of research universities, ignoring the
contributions made by other higher education
institutions.

Other research on higher education institutions
focuses on the role of local universities in
specific examples of regional economic growth
(Felsenstein, 1996: 1566-1568). Studies have
looked at the way universities affect local
workforce markets (Beeson & Montgomery,
1993), new firm formation rates (Bania, Eberts, &
Fogarty, 1993), the development of the local
service sector (Hedrick et al., 1990), and the
effect of the human capital base on local industry
investment patterns (Florax, 1992). The results
from these studies generally show positive
relationships between the presence of a
university and economic growth in a particular
region.

University impact studies estimate local
economic impacts produced by colleges and
universities. Most common university impact
studies calculate university-induced growth by
direct, indirect, and induced impacts of
universities in a particular region and are
sophisticated by multiplier effects (Felsenstein,
1996: 1566-1568). Accounting-type university
impact studies measure various forms of direct
impacts (employment, income, and sales) that
universities have on the local economy relying
on university expenditure and payroll data,
survey evidence of staff and student spending,
and the derivation of multiplier on the basis.
Input-output analysis offers a disaggregated
picture of the economic effects of a university.
This line of studies does not include graduates
from colleges and universities as potential human
capital to local economies, nor the geographies

of educated workforce supply.
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3. Research Focus

This research focuses on the educated
provision from higher education institutions to IT
companies in U.S. metropolitan areas. The U.S
higher education system is widely recognized
and emulated, including for its links to high

technology industries

1) Higher Education in the U.S.

According to the U.S. Department of
Education, higher education is defined as “he
provision of a formal instructional program
whose curriculum is designed primarily for
students who are beyond the compuisory age for
high school. This includes programs whose
purpose is academic, vocational, and continuing
professional education, and excludes avocational
and adult basic education programs.”® A wide
range of educational organizations are included
into the category of higher education in the U.S.
Colleges and universities are remarkably diverse
in their mission, ownership, scale, and scope
(Noll, 1998: vii).¥

The “Carnegie Classification of Institutions of
Higher Education” is “taxonomy of U.S. higher
education that has been widely used to serve a
variety of needs over three decades.”® The
Carnegie Classification identifies categories of
colleges and universities that are relatively
homogeneous with respect to their functions,
characteristics of students, and faculty members.®

“It not only includes research-oriented
universities, but also emphasizes the varety and
importance of other higher education institutions
which take the vast majority of the total numbers
(Graham & Diamond, 1997: 53)." “Higher

education” in this paper includes the entire range

of colleges and universities in Carnegie
Classification-from doctorate-granting institutions,
master s colleges and universities, baccalaureate
colleges to associate’ s colleges (community
colleges)-except specialized institutions and tribal
colleges and universities.

While most research on relationships between
higher education and companies focuses on
‘ research universities (doctoral-degree-
granting)”, this research also includes community
colleges (associate’ s colleges), baccalaureate
colleges, and master’ s colleges and universities.
They consist of more than half of higher
education institutions by number and play a

significant role in higher education in the U.S.

2) Information Technology (IT) companies
in the U.S.

Information Technology (IT)-producing
industries are defined as “industry sectors that
supply goods and services that support IT-
enabled business processes, internet, and e-
commerce” (U.S. Department of Commerce,
1999, 2000, 2002). IT-producing industries
include hardware, software/computer service,
communications equipment, and communication
-s services industries. “IT companies” in this
paper are defined as enterprises that produce or
supply goods and services for profit in IT-
producing industries.

Jobs in IT-producing industries require
increasingly high levels of formal education.
These characteristics of IT-producing industries
emphasize the importance of maintaining tight
relationships with higher education institutions
(National Research Council of the National
Academies, 2003). IT-related jobs require high

levels of initial formal education and training,
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largely provided by colleges and universities;
Two-thirds of IT workers have at least a four-year
degree, and the proportion of college-educated
workers is growing (U.S. Department of
Commerce, 2003b: 2). More than half of the jobs
in IT-related occupations” require an associate
degree or higher (U.S. Department of Commerce,
2003a: 25).

Moreover, education and training requirements
for IT-related occupations have increased over
time (U.S. Department of Commerce, 2003a: 25).
The number of highly-skilled IT workers
(associate’ s degree and above) increased from
2.2 million in 1992 to 3.2 million in 1998. Core
IT-related occupations which require the highest
skills have grown most rapidly, and their share of
total IT employment increased from 28% to 41%
from 1992 to 1998 (U.S. Department of
Commerce, 2000: 47, Figure 5.4).

3) Metropolitan areas

Cities have been recognized as places where
human capital is accumulated and the
externalities of human capital exist (Lucas, 1988).
In the U.S., most of colleges and universities are
located in metropolitan areas and provide higher
education for students who will be future
workforce in diverse industries.

A metropolitan area is defined as a core area
containing a substantial population nucleus,
together with adjacent communities having a
high degree of economic and social integration
with that core (The United States Office of
Management and Budget (OMB)).

A metropolitan area in the US. is one of the
most economically coherent regional scales at a
sub-national level, which is necessary to

investigate local versus non-local educated

workforce supply from colleges/universities to IT
companies. Compared to metropolitan areas, the
boundaries of 50 states in the U.S., which are
another frequently used geographic unit of
analyses, were defined through a historical and
political process and as such they often do not
reflect economic divisions. Tightly interconnected
local economies often cross the borders of states.
For example, local economic activities centered
in the Boston area are not confined within
Massachusetts. Rather, economic activities spread
over two counties in New Hampshire. On the
other side, countries are inappropriate because
they are too small. In this paper, I use
metropolitan areas as the primary analysis unit to
investigate educated workforce from colleges/

universities to IT companies in the U.S.

4. Research Methods

In order to analyze geographies of educated
workforce from higher education institutions to
IT companies,

I conducted questionnaire survey and
interviews in three case study areas. I selected
three metropolitan areas in the U.S. by the
characteristics of the colleges and IT companies
based on the typologies of Park (1996) and
Markusen (1996). Seattle-Tacoma-Olympia, WA
CBSA has a hub-and-spoke configuration of IT
companies-dominated by one or several large,
vertically integrated firms with strong, supply-side
linkages. In terms of higher education in IT-
related fields, it has a relatively strong higher
education system including one prestigious
research university, several master°@s and
baccalaureate colleges, and twenty community

colleges. Portland-Vancouver-Beaverton, OR-WA
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Figure 1. Three metropolitan areas of case studies

is a satellite platform industrial district dominated
by large, externally owned and headquartered
firms. Its higher education system in IT-related
fields lacks top-class research universities while
master’ s and baccalaureate colleges and
community colleges have been expanding IT-
related programs. Champaign-Urbana, IL has
only a small number of IT companies and is very
much a university-dominated region.

I selected IT companies by Standard Industrial
Classification (SIC) from the Namefinders list
(2003). There are 3,752 IT companies in the
Seattle-Tacoma-Olympia, WA CBSA; 2,298 in the
Portland-Vancouver-Beaverton, OR-WA MSA;
and 248 in the Champaign-Urbana, IL MSA.
Between November 2003 and May 2004, I sent
an on-line survey questionnaire to 248 IT
companies randomly sampled: from the 3,752 1T

companies in the Seattle-Tacoma-Olympia, WA

Table 1. Respondents in three metropolitan areas

CBSA; from the 2,298 IT companies in the
Portland-Vancouver-Beaverton, OR-WA MSA.
The survey questionnaire was also sent to 248 IT
companies in the Champaign-Urbana, IL MSA. In
total, 80 IT companies responded to the on-line
survey questionnaire, out of the 744 IT
companies that received the on-line survey
questionnaire, yielding the response rate of
10.8% (Table D).

I also sent an on-line survey to the chairs and
faculty members of IT-related programsviii such
as Computer Science and Electrical Engineering
in colleges and universities in the three
metropolitan areas. Table 2 shows the numbers
of responding IT-related programs in three
metropolitan areas.

Three different versions of a survey
questionnaire were created for: (1) IT companies;
(2) two-year community colleges; and (3) four-
year colleges or universities. I posted the
completed questionnaire survey on the web and
sent an email with a brief introduction of the
survey and a link to it to the email addresses

found on-line and through phone calls.

Table 2. Number of responding IT—related programs in three metropolitan areas

Doctoral/Research Universities 2 3 2 7
Master’ s Colleges/ Universities 2 0 0 2
Baccalaureate Colleges 1 2 0 3
Community Colleges 9 2 1 12
Total 14 7 3 24
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5. Factors Affecting Geographies of
Educated Workforce Supply

IT companies have been increasingly active in
recruiting educated workforce from colleges and
universities. They need to find qualified workers
with diverse skills and expertise for various IT-
related jobs. Many graduates from IT-related
programs at colleges and universities look for
jobs at IT companies where they use their skills
and expertise learned from colleges and
universities. Educated workforce supply from
higher education institutions to IT companies
involves “transaction costs” (Coase, 1937;
Williamson, 1981), which include expenditures of
time and money associated with searching for
information regarding the possibilities of
recruitment workforce and getting a job.
Transaction costs increase in accordance with the
increases in the amount of time and efforts
required by the transaction, and physical distance
between IT companies and colleges/universities
will increase the amount of time and efforts
(Hipp & Gassmann, 1999; Schartinger, Rammer,
Fischer, & Frohlich, 2002) that IT companies
should invest in order to recruit graduates from
the colleges/universities and that graduates from
colleges/universities invest to find a job. Thus,
geographies of educated workforce supply from
colleges/universities to IT companies are
influenced by physical proximity, the highest
degree that a college/university offers, the degree
of specialization and/or rarity of expertise that
companies seek from their recruitment of
workforce.

1) Physical proximity

Transaction cost theory has been used to

explain the emergence of “new industrial
spaces,” where firms can minimize transaction
costs by locating in spatially concentrated
production networks where production is
distributed horizontally (Hayter, 1997: 319).
Spatial proximity in industrial districts enables the
production networks of firms to lower
transaction costs associated with higher asset
specificity without vertical integration.

If the physical distance between potential
interaction partners is long, barriers to
information gathering and communications will
increase, and transaction costs will increase in
accordance with increases in the amount of time
and efforts required by the transaction (Hipp &
Gassmann, 1999; Schartinger, Rammer, Fischer, &
Frohlich, 2002). Physical proximity also fosters
trust (Harrison, 1992) since trust requires
familiarity and mutual understanding formed
through repeated interactions, which are likely to
be facilitated by personal contact (Nooteboom et
al., 1997; Uzzi, 1997). Repeated personal contact
is enhanced by physical proximity, and trust is
more likely to be built through repeated contacts
over short physical distances (Carney, 1998;
Harrison, 1992).

Hypothesis 1 Physical proximity affects the
geographies of educated workforce supply from
colleges/universities to IT companies.ix Physical
proximity between IT companies and
colleges/universities has a positive relationship

with the degree to supply educated workforce.

(1) IT companies

First, the survey responses from IT companies
indicate that they are more likely to recruit
technical workers from within the same

metropolitan areas than from other geographic
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areas. At the level of a vocational certificate, 24
out of 28 respondents (85.7%) recruited the
largest portion of technical workers from the
same metropolitan areas; at the associate degree
level, 31 out of 32 respondents recruited the
largest portion of technical workers from the
same metropolitan areas (96.9%); at the
baccalaureate degree level, 45 out of 61
respondents (73.8%) recruited the largest pottion
of technical workers from the same metropolitan
areas; and at the master s or professional degree
level, 28 out of 43 respondents (65.1%) recruited
the largest portion of technical workers from the
same metropolitan areas; and at the doctoral
degree level, 14 out of 27 respondents (51.9%)
recruited the largest portion of technical workers
from the same metropolitan areas.

Secondly, concerning student internship
programs, the survey results from IT companies
indicate that they are more likely to hire student
interns from colleges or universities located in
the same metropolitan areas than from further
away. 9 out of 12 respondents (75.0%) hired
interns from two-year community colleges
located in the same metropolitan areas; 14 out of
23 respondents (60.9%) hired intems from four-
year colleges or universities located in the same
metropolitan areas.

The responding IT companies recruit the
largest proportion of their technical workers and
student interns from the same metropolitan areas,

rather than remote geographic areas.

(2) Two—year community colleges

According to the survey results, most of the
two-year community colleges indicated that they
provide educated workforce to IT companies
located in close proximity to their own facility.

An average 75.5% of completers from two-year

community colleges obtain jobs in the same
metropolitan areas (6 respondents), and about
98.99% of internship providers for students at
community colleges are located in the same
metropolitan areas (9 respondents). Strong
connections between community colleges and
local communities result in the geographic
concentration of the educated workforce supply
in local areas (in the same metropolitan areas)

near community colleges.x

(3) Four—year colleges or universities

According to the survey results, the
geographies of areas to which four-year colleges
or universities provide graduates show mixed
patterns. More than half of the total baccalaureate
graduates (58.51%) take jobs within the same
metropolitan areas, while only 26.20% of master
s graduates find and take jobs in the same
metropolitan areas. 25.13% of them find work in
the same state, and 38.93% of them find work
elsewhere in the U.S. These descriptive statistics
show that physical proximity does not have a
strong influence on the pattern. In case of
doctoral degree holders, the majority of them
work away from the colleges or universities they
have graduated from. Average 39.75% of them
work in the rest of the U.S.

Concerning geographies of internship
providers, Table 3 shows that the largest portion
of student interns from four-year colleges or
universities work within the same metropolitan
areas (average 71.50%) and that few student
interns work outside the state where their
colleges or universities are located.

The survey results show that physical
proximity between IT companies and
colleges/universities enhances the degree of

educated workforce supply from colleges/
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Table 3. Geographies of internship providers, four—year colleges/universities

In the same metropolitan areas 71.50 87.50 1 99 13
In the rest of the same state 7.25 4.50 0 20 13
In the rest of the same division 0.33 0.00 0 1 13
In the rest of the U.S. 0.75 0.50 0 2 13
In foreign countries 0.00 0.00 0 0 13

universities to IT companies. IT companies
recruit/hire the largest proportion of their
technical workers (at all degree levels) and
student interns from the metropolitan areas
where they are located. Community colleges,
which are strongly connected to local
communities, provide educated students and
student interns to the same metropolitan areas.
Four-year colleges and universities provide the
majority of their graduates with a baccalaureate
degree and most of their student interns to the
same metropolitan areas, however, they provide
a much smaller proportion of graduates with a
master’ s and a doctoral degree to the same

metropolitan areas.

2) Physical proximity and three factors
related to workforce supply

(1) Physical proximity and the degree of
specialization and/or rarity of workforce
expertise

It is difficult to search, access, and acquire

highly specialized and/or rare expertise, and
those who need the expertise are often willing to
interact with them who have that expertise even
over long distance. Transaction costs grow as

physical distance between interaction partners

get longer, however, they benefit from the
interactions with the partners that provide
specialized and/or rare expertise, which often
overcomes the transaction costs. If one has
resources enough to afford the transaction costs,
they are often willing to have long-distance
interactions with partners that provide specialized
and/or rare expertise. The more specialized
and/or the rarer the expertise one needs, they
are more likely to interact with partners over
long distance. According to a survey of firms°®
use of consultancies (Wood, 1996), large firms
with more resources find specialized
consultancies which can provide for their specific
needs wherever they are located. They often
search consultancies at national and/or
international level to access and use specialized
and/or rare services. They do not need to
confine their search and use of consultancies in
local areas if they provide highly specialized
and/or rare services.

Hypothesis 2.1 Degree of specialization and/or
rarity of expertise that companies seek from their
recruitment of workforce affects the geographies
of educated workforce supply from
colleges/universities. The more specialized
and/or rarer the expertise companies need, they

are more likely to recruit graduates/completers
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Table 4. Geographic areas from which [T companies recruited technical workers

No employees From the 43 15 33 47
same metropolitan areas 31 96.9% 45 73.8% 28 65.1% 14 51.9%
From the rest of the
0 0.0% 4 6.6% 3 7.0% 1 3.7%
same state
From the rest of the
- 1 3.1% 2 33% 4 93% 5 185%
same division
From the rest of the U.S. 0 0.0% 7 11.5% 4 93% 3 11.1%
From foreign countries 0 0.0% 4.9% 4  93% 4 14.8%
N/A 5 4 6
Total 80 80 80 80
No. of responses 32 100.0% 61  100.0% 43 100.0% 27 100.0%

from colleges or universities over long distance,

The survey results show that recruitment of
technical workers with a lower degree level (an
associate degree) is more concentrated in the
same metropolitan areas than recruitment of
technical workers with a higher degree level (a
baccalaureate degree, a master s or professional
degree, and a doctoral degree) (Table 4). Given
both the smaller numbers and greater
specialization of graduates with higher degrees,
employers search more broadly and extensively
for more highly educated workers.

Greater specialization and smaller numbers of
graduates with higher degrees (those with a
baccalaureate degree, a master s or professional
degree, and a doctoral degree) make IT
companies search them from more geographical-
ly extensive areas. Geographic areas where four-
year colleges or universities provide their
graduates also indicate that physical proximity
does not influence the patterns as the degree

levels of graduates are higher. Recruiting

technical workers over long distance increases
the cost of searching, but the cost is worthwhile
when the technical workers have highly

specialized and/or rare expertise.

(2) Physical proximity and the highest
degree level that colleges and
universities offer

The highest degree that a college/university

offers is an indicator of the degree of
specialization and/or rarity of expertise that
graduates from colleges and universities have. A
college/university that offers a doctoral degree
would provide more specialized and/or rarer
technical workforce to IT companies than those
that offers a master s, a baccalaureate, or an
associate degree. Also the highest degree level of
a colleges/university is an important element of
their prestige and may affect trust-building,
resulting in decrease of transaction costs. It may
increase companies willingness to interact with

the college/university.
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Table 5. Geographic locations of employment, by two—year community colleges and four—year

colleges/universities

In the same
metropolitan 75.33 58.51
areas

26.20 8.20 48.25

In the rest of

the same state 15.60 2685

2513 8.85 1.67

In the rest of
the same 3.50 28.95
division

4.13 6.69 0.00

In the rest of

the US. 5.00 47.50

38.93 39.75 0.67

In foreign

countries N/A >80

1.20 455 47.50

Hypothesis 2.2 Colleges and universities which
offer a higher degree have geographically more
extensive supply of educated workforce to IT
companies than those which offer a lower
degree.

When comparing two-year community colleges
with four-year colleges or universities, we see
that physical proximity affects the geographies of
workplaces of students from two-year
community colleges at higher degree than those
from four-year colleges or universities. The
survey results (Table 5) show that a higher
proportion of two-year community college
completers work in the same metropolitan areas
(75.33%) as the community college from which
they graduated than graduates from four-year
colleges or universities (58.51% of graduates with
a baccalaureate degree; 26.20% of graduates with
a master s degree; 8.20% of graduates with a

doctoral degree; 48.25% of graduates with a

professional degree/certificate),

The survey results indicate that physical
proximity affects the geographies of educated
workforce supply by colleges/universities that
offer varying levels of highest degrees. A higher
proportion of completers from two-year
community colleges worked in the same
metropolitan area, than did graduates from four-
year colleges/universities. Higher proportions of
graduates from baccalaureate colleges worked in
the same metropolitan areas than master s and
doctoral colleges/universities. Most of student
interns from two-year community colleges
worked within the same metropolitan areas while
less proportion of student interns from four-year
universities or colleges did within the same
metropolitan areas. Higher proportion of
graduates from baccalaureate colleges worked in
physically proximate regions than those from

master’ s or doctoral colleges/universities.
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(3) Physical proximity and size of IT
companies

Large companies with more abundant
resources are less affected by transaction costs,
which increase with physical distance, than small
companies. A survey of Austrian companies
shows that large companies cooperate in
innovative activities with partners from abroad
more than small companies in a small and open
economy (Schartinger et al., 2002). Small
Swedish biotechnology companies are more
bound and/or more dependent on
geographically close knowledge resources than
large companies. Small companies are more
likely to write scientific papers in collaboration
with Swedish universities than large companies
(McKelvey et al., 2003). Small companies in the
software industry are more dependent on
regional resources, such as local skilled
workforce, than large companies like Microsoft in
Seattle (Gray, Golob, and Markusen, 1996). Small
plants in Canada attach greater importance to
closeness (physical proximity) to machinery
products than large plants (Gertler, 1995).

Hypotbesis 2.3 Large 1T companies have more
geographically extensive supply of educated
workforce to colleges/universities than small IT
companies.

The results from contingency table analyses
(Table 6) show that statistically significant

relationships exist between size of IT companies

and the distance at which they interact with
colleges/universities in terms of recruiting/hiring
technical workers with a baccalaureate, a master
s/professional, and a doctoral degree. There are
no statistically significant relationships between
the recruitment and hiring of technical workers
with a vocational certificate or an associate
degree (confidence level = 0.05) and physical
proximity. Large companies (= 100 employees)
are more likely to recruit/hire technical workers
with a baccalaureate degree (Table 7), a master’ s
or professional degree (Table 8), and a doctoral
degree (Table 9) from colleges or universities
outside of the same metropolitan areas than sm-
all companies (<100 employees). Geographies
of recruitment/hiring by small companies are
more likely to be bound to the same metro-
politan areas as the source of the workers.
Recruiting/hiring technical workers over long
distance increases the cost of searching, but the
cost is worthwhile when the technical workers
have highly specialized and/or rare expertise
(most technical workers with advanced degrees
have highly specialized and/or rare expertise).
Large companies with more resources can afford
higher search costs than ‘can small companies.
Hence, large companies recruit/hire technical
workers with advanced degrees over long
distances while small companies are more
dependent on technical workers that live in the

same area.

Table 6. Contingency table analyses: geogr—aphies of recruiting/hiring technical workers

Baccalaureate degree (Table 7) 17.964 0.000 0.561 0.490
Master’ s or professional degree

(Table 8) 6.266 2 0.044 0.396 0.368
Doctoral degree (Table 9) 4.492 0.034 0.408 0.378
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Table 7. Geographic areas of recruiting/hiring the largest portion of technical workers with a baccalaureate
degree (No. of responding companies)

No employees 11 3 0 1 15
From the same
metropolitan areas 24 80.0% 14 100.0% 4 30.8% 3 45 73.8%
From the rest of the
same state 0 0.0% 0 0.0% 4 30.8% 0 4 6.6%
From the rest of the
same division 1 3.3% 0 0.0% 1 7.7% 0 2 3.3%
From the rest of the U.S. 2 6.7% 0 0.0% 4 30.8% 1 7 11.5%
From foreign countries 3 10.0% 0 0.0% 0 0.0% 0 3 4.9%
N/A 1 0 2 1 4
Total 42 17 15 6 80
No. of responses 30 100.0% 14 100.0% 13 100.0% 4 »61 100.0%

Geographies of student internship programs
are examined by asking the location of colleges
and universities from which IT companies hired
interns. The results from contingency table
analyses (Table 10) show that a statistically

significant relationship exists between size of

conipanies and physical proximity of the four-
year colleges or universities from which they
hired student interns. No relationship is found,
though, between size of companies and physical
proximity of two-year community colleges from
which they hired student interns. Table 5-43

Table 8. Geographic areas of recruiting/hiring the largest portion of technical workers with a master's or
professional degree (No. of responding companies)

No employees 22 7 2 2 33
From the same
metropolitan areas 14 73.7% 7 T78% 4 33.3% 3 28 651%
From the rest of the
same state 0 0.0% 0 0.0% 3 25.0% 3 7.0%
From the rest of the )
same division 1 5.3% 1 11.1% 2 16.7% 0 4 9.3%
From the rest of the U.S. 0 0.0% 1 11.1% 3 25.0% 0 4 9.3%
From foreign countries 4  21.1% 0 00% 0 0.0% 0 4 9.3%
N/A 1 1 1 1 4
Total 42 17 15 6 80
No. of responses 19 100.0% 9 100.0% 12 100.0% 3 43 100.0%
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Table 9. Geographic areas of recruiting/hiring the largest portion of technical workers with a doctoral degree

No employees 30 12 2 3 47
From the same . . , 4 Lo
0,
metropolitan areas 7 70.0% 2 50.0% 3 27.3% 2 1 51.9%
From the rest of the
0 0.0% 0 0.0% 1 9.1% 0 1 3.7%
same state
From the rest of the
- 1 10.0% 1 25.0% 3 27.3% 0 5 18.5%
same division
From the rest of the U.S. 0 0.0% 0 0.0% 3 27.3% 0 3 1.1%
From foreign countries 2 20.0% 1 25.0% 1 9.1% 0 4 14.8%
N/A 2 1 2 1 6
Total 42 17 15 6 80
No. of responses 10 100.0% 4 100.0% 11 100.0% 2 27 100.0%

Table 10. Contingency table analysis: geographies of student interns from four—year colleges or universities
Chi-square

Table 11. Geographies of student interns from four—year colleges or universities, by size of companies

No interns 21
From the same
metropolitan areas 6 75.0% 3 75.0% 1 143% 4 14 60.9%
From the rest of the
same state 1 125% 1 250% 3 42.9% 0 5 21.7%
From the rest of the
same division 0 0.0% 0 0.0% 0 0.0% 0 0 0.0%
From the rest of the U.S. 0 0.0% 0 0.0% 2 28.6% 0 2 8.7%
From foreign countries 1 125% 0 0.0% 0 0.0% 0 1 4.3%
Evenly distributed 0 0.0% 0 0.0% 1 143% 0 1 4.3%
In other regions 0  0.0% 0  0.0% 0  0.0% 0 0 0.0%
N/A 2 1 2 1 6
Total 42 17 15 6 80
No. of responses 8 100.0% 4 100.0% 7 100.0% 4 9 100.0%
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shows that large companies hire greater
proportions of student interns from outside the
same metropolitan areas (6 out of 7, 85.7%) than
small companies (1 out of 4, 25.0%) and micro-
small companies do (2 out of 8, 25.0%). Small
companies are more dependent on four-year
colleges or universities within the same
metropolitan areas as a source of their student
interns.

In sum, large IT companies are more likely to
recruit/hire technical workers with a
baccalaureate or a master’ s degree from
colleges/universities outside of the same
metropolitan areas than small companies. Large
companies also hire higher proportions of
student interns from outside the same
metropolitan areas while small companies are
more dependent on four-year universities or

colleges within the same metropolitan areas.

6. Conclusions and Discussions

This research investigates geographies of

supply
colleges/universities to IT companies in three

educated workforce from
metropolitan areas in the U.S. Four hypotheses
are analyzed through the survey and interviews
with managers of IT companies and faculty
members of IT-related programs at colleges and
universities. First, the survey results show that
physical proximity between IT companies and
colleges/universities enhances the degree of
educated workforce supply from colleges/
universities to IT companies. IT companies
recruit the largest proportion of their technical
workers and student interns from the
metropolitan areas where they are located.

Second, the degree of specialization and/or rarity

of workforce expertise also affect geographies of
educated workforce supply from higher
education institutions to IT companies. The
results indicate that IT companies recruit larger
proporttions of technical workers with a lower
degree level (a vocational certificate and an
associate degree) from the same metropolitan
areas than technical workers with a higher
degree levels (a baccalaureate degree, a master s
or professional degree, and a doctoral degree).
Both greater specialization and smaller numbers
of graduates with higher degrees make
employers search them from more geograp-
hically extensive areas. Physical proximity has
less influence the patterns to recruit technical
workers and interns as the degree levels of
graduates are higher. Recruiting technical
workers over long distance increases the cost of
searching, but the cost is worthwhile when the
technical workers have highly specialized and/or
rare expertise. Next, physical proximity affects
the geographies of educated workforce supply
from colleges/universities which grant different
levels of the highest degrees to a different extent.
Community colleges, which are strongly
connected to local communities, provide
educated students and student interns to the
same metropolitan areas. Four-year colleges and
universities provide the majority of their
graduates with a baccalaureate degree and most
of their student interns to the same metropolitan
areas, however, they provide a much smaller
proportion of graduates with a master’ s and a
doctoral degree to the same metropolitan areas.
Finally, physical proximity affects the
geographies of educated workforce supply from
colleges/universities to IT companies with
different sizes. Large IT companies are more

likely to recruit/hire educated workforce from
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colleges/universities outside of the same
metropolitan areas than small IT companies.
Large companies also hire higher proportions of
student interns from outside the same
metropolitan areas while small companies are
more dependent on colleges or universities
within the same metropolitan areas.

Human capital raised from higher education
has been increasingly emphasized in economic
development with the rise of a knowledge-based
economy, and cities have been recognized as
places to attract human capital. Numerous
national and regional economic development
policies pursue closer links between
colleges/universities and companies. Educated
workforce supply is one of the primary roles of
colleges and universities, and understanding its
geographies has critical policy implications. It is
significant for the design of economic
development policies at diverse scales to
recognize the degree of localization that different
colleges and universities supply educated
workforce to innovative companies. Further
research will be necessary to explore how to
raise human capital at diverse geographic scales.

The limitations of this paper would be
complemented by the following research. First,
considering more than half of demand for IT
workers is outside from IT-producing industries
(U.S. Department of Commerce, 2000), the focus
of future research should be enlarged to include
IT-using industries as well as IT-producing
industries such as hardware, software,
communication equipment and services. Second,
although IT-related programs usually refer to
Computer Science and/or Electrical Engineering
fields, it will be important to examine other
programs to educate and train IT workforce.

There is actually great diversity in the types of

degrees that workers in IT-related fields hold,
and many people who did not major in
Computer Science and/or Electrical Engineering,
such as Physics and Applied Math majors or even
non-science majors, work in IT-related
occupations (U.S. Department of Commerce,
2003b: 33-35). Finally, diverse education and
training programs in the fields are recently
growing in addition to the formal education
programs, including private institutes that provide
intensive courses for various certificates, and on-
line education programs for self-study in IT-
related fields. Including these new programs will
help to better understand diverse needs of IT
companies and various interactions between

them and IT-related education.

Notes

1) “ome of the benefits of a more educated workforce force
will typically leak out and generate macroeconomic
benefits that cannot be appropriated in the form of
higher earnings by those who undertake the relevant
investment. The leakages are often called externalities.”
(Fuente & Ciccone, 2003: 3)

2)Human capital is an important determinant of
productivity at an individual level as well as at an
aggregate level. At a microeconomic level, there is
evidence that school attainment is a major determinant of
individual income and workforce market status and that
on-the-job training has a robust relationship with
individual wages (Fuente & Ciccone, 2003: 3).

3) The term of postsecondary education is interchangeably
used with higher education. (http://nces.ed.gov/ipeds/
glossary/pdf/IPEDSglossary.pdf)

4) An elite set of about 100 institutions does many things in
addition to educating students. These institutions perform
most of the nation’ s basic research, provide a substantial
amount of medical care (especially the most technically
demanding services), and supply athletic entertainment
to national television audiences. In most of the world,

higher education institutions serve primarily an
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educational purpose, leaving basic research, medical
care, and athletics to other organizations.

5) http://www.carnegiefoundation.org/Classification/
CIHE2000/defNotes/Definitions.htm

©6) http://www.carnegiefoundation.org/Classification/
CIHE2000/background.htm

7) Workers in IT-related occupations develop, design,
manufacture, operate, maintain, and repair IT products
and provide related services across all industries,
including IT-producing industries (U.S. Department of
Commerce, 2003a).

8) A program is defined as “a combination of courses and
related activities organized for the attainment of broad
educational objectives.” (http://nces.ed.gov/ipeds/
glossary/pdf/IPEDSglossary.pdf)

9) In this paper, a company is defined as a business or
industrial unit at a single physical location which
produces or distributes goods or performs services.

10) Data of Washington State Board of Community and
Technical Colleges also show that majority of the
graduates from 20 community colleges in Seattle-
Tacoma-Olympia, WA CBSA (in academic year 2000-
2001) got their jobs within Seattle-Tacoma-Olympia, WA
CBSA or in WA within one year of graduation. 62.04%
of total graduates worked in Seattle-Tacoma-Olympia,
WA CBSA, 36.72% of them worked in the rest of WA,
0.93% of them worked elsewhere in the Division
(Division 9: Pacific including Alaska, California, Hawaii,
Oregon, and Washington), and 0.31% worked in the
same Region (Region 4: West including Mountain and
Pacific Division). None of the graduates worked outside
of the West Region.

11) Chi-square (crosstabs) is a statistic used to test the
hypothesis that the row and column variables are
independent.

12) Cramer s V is a measure of the strength of association
between two variables when one or both are at the
nominal level of measurement (SPSS tutorial).

13) Contingency coefficient also measures the strength of
association between two variables. The values of
Cramers’ s V and contingency coefficient statistics range
from 0 to 1, and low values for the test statistics indicate
that the relationship between the two variables is a
fairly weak one (SPSS tutorial).
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