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Executive Summary

Development of the technology-based sectors of the
economy is very important to Washington. This state’s
natural resource industries no longer support job growth;
manufacturing is constrained by foreign competition; and
international trade is limited by competition from other West
Coast ports as well as weakness in the economies of Asia.
Technology industries, based on innovation in information
technology, bio-science, and other fields, generate new
companies with products and services that are penetrating
both domestic and foreign markets, generating many high-
wage jobs, and creating significant wealth. These industries
have a bright future in Washington if the appropriate
conditions are created or maintained.

Comparing Washington’s Performance on
Three Key Drivers for a Technology-Based
Economy
Leaders in states and regions throughout this country
recognize the immediate and long-term benefits of having
a robust technology sector and the high-paying jobs that
go with it. Many are competing aggressively to create an
environment that attracts and keeps technology-based
businesses and the people who found and grow them. This
report assesses how well Washington is doing in crafting such
an environment. Numerous studies have demonstrated that
technology-based businesses do well in states with these
characteristics:
e education systems that stress science and
engineering at all levels, resulting in a strong and
technologically sophisticated work force
e dynamic research programs yielding
commercializable technology ideas
e a history of entrepreneurialism and the financial
capacity to support technology startups
This report provides benchmarks of Washington’s
performance relative to peer states on more than 40
indicators that fall under these three key drivers — education,
research capacity, and entrepreneurial environment.

By comparing Washington to a set of peer states, to the
nation as a whole, and to neighboring states on indicators

in these three categories, readers can assess Washington's
success. Eight peer states were chosen based on an analysis
of high-tech industry strengths in all 50 states. Indicators
were chosen based on both their effectiveness in measuring
an issue and on availability of quality data. Measures were
selected in a collaborative process with Technology Alliance
members who included CEQOs of technology companies,
senior staff from large research organizations and private
companies, professors, venture capitalists, and other
professionals specializing in technology company issues.

Overall Impressions

Having enjoyed almost a decade of notable growth in the
technology sector and the emergence of several leading
technology companies, national recognition for its research
and educational institutions, and renown for its splendid
quality of life, this data shows Washington State at a
significant crossroads in its economic history. If this state
is to maintain the national position it has held until now

as a center for innovation and entrepreneurship, it must
address a number of areas in its K-12 and higher education
systems, attract additional talent and funding to its research
institutions, and build support for new and emerging
companies. A summary of the chief findings in this study
follows.

K-12 Education

K-12 indicators include high school graduation rates,
preparation for studying higher-level math and science
subjects, performance on college preparation exams, and
per-student funding levels. Washington typically falls in

the middle or slightly below its eight peer states on these
indicators, and on several indicators is trending downward.
This is cause for concern, particularly for the long term.

On some measures, such as preparation for further study

in math and science, all states need to do better as the
economy shifts in the direction of more advanced technology
jobs. For example, even though Washington is ranked among
the top 10 states in terms of our students’ performance on
math, reading and writing tests, less than a third of our 8th-
graders score at or above “proficient” on these tests. And



performance by high school seniors on SAT/ACT tests reveals
that not only are test scores relatively low, but our ranking as
compared to other states has fallen over the last two years.
Additional data and focused, strategic investments are
needed to improve student achievement.

Higher Education

We studied the ability of our higher education systems to
produce skilled, well-educated graduates for two reasons.
First, local residents can benefit from the growth of high-tech
companies only if they have the skills required to acquire
jobs in these companies. And second, smaller companies
depend more heavily on the local work force than larger
companies, which can afford to recruit workers from other
states or nations and pay them to relocate.

Washington’s performance in the higher education arena
needs improvement to lead and sustain the technology-based
industries that have gotten started in this state. The number
of bachelor’s degrees granted overall, and particularly in
science and engineering majors, is in the lowest third of

the nation on a per capita basis. This is far lower than the
percentage needed to sustain the technically sophisticated
work force that has been built up through interstate and
international in-migration. Additionally, data improvements
are needed in several areas to adequately assess higher
education performance, including tracking of transfer
students who start their college education at community and
technical colleges but who go on to four-year programs.

Research Capacity

Washington’s prominent national position as a research
center is highly vulnerable. The state falls among the
middle and lower half of its peers on all of the research
capacity measures, including R&D funded through academic,
federal and non-profit sources. The weakest area relates

to state support, which often provides the seed money

to attract additional research dollars. In terms of non-
federal government funding for research at our universities,
Washington ranks 46th among the 50 states on a per capita
basis. More importantly, state funding for the two research
universities (the University of Washington and Washington
State University) is declining relative to peer institutions.
This funding pattern may contribute to the modest level

of achievement seen relative to peer states in patenting,
licensing, and attraction of talented researchers, particularly
“rising-star” researchers.

Entrepreneurial Climate

The entrepreneurial climate indicators paint a mixed
picture for Washington. This state falls among the bottom
third of peer states in terms of the number of high-tech
establishments created in the state, even though the rate of
new company formation is quite high overall. Washington

has a talented work force, with a high intensity of scientists
and engineers. However, the number of recent graduates
from science and engineering programs in the work force is
far greater than the degree production at in-state universities,
indicating that the state is relying heavily on in-migration to
supply the work-force needs of its companies. Washington
has been able to attract significant venture capital but
remains in a second-tier regional market as compared to
California and Massachusetts. Washington ranks 6th among
our peers in terms of employment in smaller high-growth
“gazelle” firms and last among the peer states on the
number of /nc. 500 firms. The mystery of Washington’s poor
performance in terms of sustaining these rapidly growing
young companies needs to be resolved before coming to final
conclusions about entrepreneurial climate. This is a key area
for further research.
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Introduction

This report assesses how well Washington is doing

in creating an environment where technology-based
businesses can flourish. Technology-based businesses do
well in states with education systems that stress science
and engineering at all levels, resulting in a strong and
technologically sophisticated work force; dynamic research
programs yielding commercializable technology; and a
history of entrepreneurism and the financial capacity to
support technology startups. These three broad categories
— education, research capacity, and entrepreneurial
environment — are the drivers of technology-based economic
development.

Development of the technology-based sectors of the
economy is very important to Washington State. This state’s
natural resource industries no longer support job growth;
manufacturing is constrained by foreign competition;
international trade is limited by competition from other West
Coast ports as well as weakness in the economies of Asia.
Technology industries, based on innovation in information
technology, bio-science, and other fields, generate new
companies with products and services that are penetrating
both domestic and foreign markets, generating many high-
wage jobs, and creating significant wealth. These industries
have a bright future in Washington if the appropriate
conditions are created or maintained.

The Technology Alliance commissioned this benchmark
report to provide data on this state’s performance with

regard to the three driver categories. By comparing
Washington to peer and neighbor states, as well as
establishing Washington’s position nationally, the report
provides an objective basis for state policy discussions and
for the Technology Alliance to use in developing its own
organizational initiatives to foster the long-term vitality of the
advanced technology industries.

Members of the Technology Alliance executive committee
and board participated in framing the issues and vetting
potential indicators for each major driver category. They
include CEOs of technology companies, senior staff from
large research organizations and private companies,
professors, venture capitalists, and lawyers specializing in
technology company issues.
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Methodology

This assessment relies on several key methodological
choices:
e Definition of high-tech industries
e |dentification of peer states to benchmark
Washington’s performance
e Selection of indicators and metrics within the
three major driver categories
This section outlines our choices on these issues, and the
rationale for these choices.

Defining High-Tech

There are several different ways of defining high-tech
industries, and considerable effort has been made by various
governmental and economic development organizations over
the past twenty years to reach an agreed-upon definition of
high-tech. The focus of the Technology Alliance is on firms
that are developing new technology. Therefore, a definition
was developed to identify firms developing new technology
based on a methodology suggested by the U.S. Department
of Labor, Bureau of Labor Statistics. In this report, high-
tech industries are defined as those three-digit level sectors
from the Standard Industrial Classification (SIC) that have
at least 7% of their employees in scientific and engineering
occupations.

Occupational patterns are at the core of the definition;

an industry developing new technology, not just utilizing
technology developed elsewhere, is likely to employ a
relatively high concentration of scientists and engineers in
its work force. Alternative definitions used in other studies
are based on R&D expenditures, or on some combination of
variables including patents, scientific employment, and R&D
expenditures. The scientific and engineering employment
definition has been used in this state by both the Technology
Alliance and the Washington Technology Center. This
definition is based on a review of three-digit level SIC
industry categories, and estimates of the percentage of
scientific/engineering employment at this level by the

state’s Employment Security Department. A more complete
discussion of the definition and a list of the industries that
are judged to be high-tech industries by this methodology is

provided in the Appendix.

Selecting Peer States

Regional economists often use location quotients (LQ) to
compare the regional concentration of an industry to that of
the nation. In this report, LQs are used to identify cluster
strengths in states that may be candidate peer states for

a benchmarking exercise. States with a similar industrial
structure may be peers, or perhaps competitors, in future
development of advanced technology industries. Like
Washington State, their future development will depend

to some degree on how well they cultivate the underlying

drivers of high-tech
development: strong
science and technology
education, research,
and readily available
capital in the hands

of entrepreneurs who
know how to effectively
manage technology
companies.

Of course no state

is exactly like
Washington. No other
state has Boeing and

Microsoft, two very large

Location Quotients

Location Quotients (LQs) are tools
used by regional economists to
measure regional competitive ad-
vantage. LQs measure the relative
concentration of a given cluster in
a region as compared to the nation.
LQs greater than one

indicate a local concentration more
dense than the national concentra-
tion of the industry, evidence of
regional competitive advantage. An
industry with a high LQ is likely to
be an exporter of goods or services
to customers outside the region,
thereby bringing income into the
region.

companies that dominate their industries globally and effect
major influences on the local markets in this region. No
other state may have the combination of cluster strengths
that Washington has enjoyed — aerospace, software, and
biotechnology development. However, some states are
strong in two of these areas, and there is more to high-tech
in Washington than just these three sectors. Thus, the
process of selecting peer states begins with an examination
of location quotients for all high-tech industries in a set of
states that may be our peers or competitors.

Table 1 provides the results of this analysis, based on
employment data for all high-tech industries in each state for




the year 2000. The individual high-tech industries can be
aggregated into five categories.

1. All High-Tech Industries, according to the
definition provided above, and several sub-groups
from this broad high-tech list

2. Aircraft, including Boeing and subcontractors
classified in the same industry

3. All Other High-Tech Manufacturing Industries from
the high-tech sector list, including a variety of
instrument manufacturers; manufacturers of
electronic products and computer components;
chemicals; petroleum refining; and drug
manufacturing (drug manufacturing is a relatively
small industry in Washington.)

4. Computer and Data Processing, i.e., software
products and related services

5. All Other Service Industries from the high-tech
sector list, including engineering and management
services, and research/development/testing
services. (This last sector includes most of
Washington'’s biotechnology companies because
they are predominantly research and development
operations, not drug manufacturers).

Examining the Washington row of the table first, from left

Table 1. Location Quotients for High-Tech Industries

to right, the LQ for All High-Tech is greater than one. The
LQ for Aircraft is nearly nine, a very high value. Other
Manufacturing is the weakest high-tech category in this
state. The LQ for Computer and Data Processing is 1.5,
making it and Aircraft the two most significant areas of
strength for this state. Biotech, which is included in the
Other Services category, is also a strong cluster, as indicated
in other studies. However, there are many non-biotech
companies in the three-digit sectors in which these firms are
classified, and many other service industries in this category
as well. As a consequence, the LQ for the Other Services
category as a whole is barely greater than one.

As the second step in identifying peer states, states with an
LQ near 1.0 were screened to see how close their industry
structure is to Washington’s. Consider first the seven other
states that also have an LQ for All High-Tech substantially
greater than one. In a broad sense these are our peers:
California, Colorado, Illinois, Massachusetts, Maryland,
Michigan, and Virginia. In addition, Georgia has strong LQs
in the same industries in which Washington shows strength,
although the rest of the high-tech sectors seem to be
relatively weak in Georgia. Texas is another state that has an
LQ near 1.0 and that appears to warrant further examination.

The industrial structure within the broad high-tech grouping
is very different in each of the seven states with strong

Computer &
Data Other
All High-Tech Aircraft Other Mfg Processing Services

Arizona 0.94 2.71 0.78 0.83 1.01
California 1.20 1.39 1.12 1.51 1.14
Colorado 1.24 0.17 0.74 2.11 1.54
Georgia 0.93 1.38 0.53 1.21 1.21
Idaho 0.91 0.06 1.06 0.35 1.05
lllinois 1.04 0.16 1.18 0.88 1.03
Massachusetts 1.35 0.47 1.17 1.98 1.36
Maryland 1.04 0.10 0.50 1.57 1.49
Michigan 1.39 0.28 2.20 0.77 0.85
Minnesota 0.95 0.09 1.09 1.14 0.79
North Carolina 0.83 0.16 0.97 0.75 0.78
New York 0.83 0.21 0.70 0.88 1.00
Oregon 0.89 0.43 1.09 0.90 0.72
Pennsylvania 0.94 0.41 1.05 0.77 0.94
Texas 0.97 1.25 0.91 1.03 0.99
Virginia 1.20 0.17 0.57 2.53 1.42
Washington 1.15 8.93 0.53 1.51 1.01

Source: Computed from Covered Employment data, U.S. Department of Commerce Bureau of Labor Statistics, 2000



All High-Tech scores. California is the only one in this
group that shares with Washington LQs greater than one
in Computer and Data Processing and Other Services.
California in fact has LQs greater than one in all high-tech
sub-categories, and it is also a very large state that can
overwhelm many of its competitors. Its size makes it a
problematic “peer,” but it certainly is a competitor that
should be included.

Strong LQs for Aircraft are also found in Arizona, Georgia,
and Texas. Arizona's industrial structure, however, is
otherwise weak in technology industries; hence Arizona can
be ruled out as a peer. Texas, on the other hand, matches
Washington’s industrial strengths, with LQs greater than
one in Aircraft, Computer and Data Processing, and Other
Services, making Texas a potentially interesting peer state.

Strong LQs for Computer and Data Processing are seen in
five of the top seven high-tech states; only Michigan and
Illinois are weak in this respect. Michigan’s and Illinois’
strengths are in the Other Manufacturing category, i.e.,
automobile production, an industry with very strong research
and development programs. Additionally, Michigan is
making very large investments to develop a biotechnology
industry, using tobacco settlement money and other funds.
For these reasons, Michigan is an interesting state to
monitor. lllinois was dropped to keep the overall number of
states down, and because its strengths are the opposite of
Washington’s, making it less useful as a peer.

Strong LQs in the Other Services category are seen in
Massachusetts, Maryland, and Virginia, all states that also
have All High-Tech LQs greater than one. Based on its
strength in Other Services, a surrogate for biotechnology,
Maryland can be added to the list of peers.

Thus, based on this LQ analysis, the most comparable peers
are those strong in high-tech generally, as well as in at least
two of the three premier industries in Washington:

e California

e Colorado

e Massachusetts

e Maryland

e Virginia
In addition, due to strength in all three of Washington’s
premier industries, two more states can be added:

e Georgia

e Texas
Last, due to its commitment to biotech investment and its
overall high-tech strength, we include Michigan.

What about the biotech industry, in particular? A recent
in-depth report on the biotechnology industry lists nine
states as the dominant locations for biotechnology and

suggests that these nine states will continue to account for
most of the biotechnology industry employment in the future
due to clustering of research programs, venture capital,
and specialized labor forces. The nine dominant states

are California, Massachusetts, North Carolina, New York,
Pennsylvania, Washington, and the District of Columbia/
Maryland region.1 California, Massachusetts, and Maryland
are already on the candidate list of peer states, and the
remaining biotechnology centers do not have corresponding
strengths in other high-tech sectors. Thus, the list does
not need to be modified to provide peers for Washington’s
biotechnology industry.

Finally, Washington’s neighboring states have selected high-
tech strengths, particularly related to the manufacturing

of semiconductors (Oregon) and memory chips (Idaho).
Neither Oregon nor Idaho has an All High-Tech LQ greater
than one. Still, it is important to monitor the performance
of these neighbors because of shared cross-border labor
markets (Portland-Vancouver and Spokane-Coeur d’Alene),
and historical patterns of cross-border labor force migration.
For these reasons, the neighbor states, Oregon and Idaho, are
included in the analysis below, but presented in a separate
grouping in the tables.

Drivers of Technology-Based Economic
Development

This report is focused on three broad drivers of technology-
based development:

e Education, both K-12 and higher education
o Research capacity
o Entrepreneurial climate

While other factors such as business climate, infrastructure,
and quality of life are important to business success, the
three factors that are the focus of this report are particularly
important to technology-based companies. In order for

a high-tech company to be successful, it must have a

highly educated work force. Strong science, mathematics,
and engineering backgrounds are required for many staff
members in these companies. Additionally, a pool of
commercializable technologies must exist, so the quality and
sheer volume of research and development activity in a state
is important. Finally, without an entrepreneurial environment
— including investors willing to support startup technology
companies, and entrepreneurs and managers who know

how to build companies — the pool of ideas and the work
force in a state cannot be effectively melded into successful
companies.

ICOrtright, Joseph, and Heike Mayer. Signs of Life: The Growth of Biotech-
nology Centers in the U.S. Washington, D.C.: The Brookings Center on
Urban and Metropolitan Policy, June 2002.



Strong education institutions, research capacity, and a
healthy entrepreneurial climate have been identified as the
most significant drivers of technology development in many
other studies, including those by the Milken Institute? and
the Progressive Policy Institute (PPI).3 The Milken Institute
report provides indicators of R&D assets, entrepreneurial and
risk capital assets, and human capital, as well as indicators
of the success of technology industries. PPI stresses the
importance of higher education and innovation capacity,
along with indicators of success in digital technology in
creating the “new economy.” Based on a reading of those
studies, a more structured view of the drivers of high-

tech economic development was created for this study

by reducing the set of drivers to three overall categories

— education (including both K-12 and higher education),
research capacity, and entrepreneurial climate — and by
distinguishing inputs from outputs within each of these three
overall categories.

The information in this study comes from carefully selected,
nationally recognized sources that consistently produce
high-quality data. The education category incorporates
many of the specific measures included in the Milken and
PPI education categories. The educational measures were
also informed significantly by the work of The National
Center for Public Policy and Higher Education. The research
capacity category includes measures of R&D and innovation
capacity as defined in Milken and PPI. And finally, the
entrepreneurial climate category includes many of the “risk
capital assets” as defined in Milken, and some of the digital
economy measures included in PPI.

Indicator Methodology

This report provides a number of indicators, grouped into
three major categories, and measured in multiple ways to
meet several analytic purposes. Both input and output
indicators are provided for each category of indicators.
Inputs of talent, ideas and money feed the innovation
process. Outputs of the process include new-company
formation, growth of employment, patents, and technology
licenses. For each indicator, we have provided the most
recent data available, as well as trends over the past decade
if that historical information is available. Footnotes guide
readers to the data sources, and comments are included
about the frequency of updates of the original sources since
a number of them are not published annually.

ZDeVoI, Ross, with Rob Koepp and Frank Fogelbach. State Technology

and Science Index: Comparing and Contrasting California, Santa Monica:
Milken Institute, September 2002 (http://www.milkeninstitute.org/
publications/publications.taf?function=detail&ID=163&cat=ResRep,
March 2003).

3Atkinson, Robert. The 2002 State New Economy Index. Wash-
ington, D.C.: The Progressive Policy Index (http:// http://
www.neweconomyindex.org/states/2002/, March 2003).

Several comparison points are possible for each indicator.
Washington can be compared to the eight peer states, to its
two neighboring states, or to all 50 states based on national
rankings. In most cases, all three types of comparisons

are possible with the tables provided in this report. For a
few indicators, however, only peer and neighboring state
information, plus a national total, are provided due to data
limitations. For most indicators both absolute values (e.g.,
dollars spent on R&D) and a proportional measure (e.g., R&D
dollars per capita) are provided. In some cases, readers may
wish to look at the absolute differences between Washington
and other states; in other cases, it makes sense to put a
medium-sized state such as Washington on a more equal
footing with smaller or larger states by using a proportional
measure.



Indicators of Technology-Based Economic Development

Education

High-tech companies demand a highly educated work force,
including many staff members with bachelor’'s degrees in
scientific and engineering fields and a significant number

of staff members with graduate degrees. Preparation for
these careers begins at the very start of the formal education
process because key skills in mathematics and analytic
thinking must be learned early for a student to progress

to college and perhaps on to graduate school. Therefore,
useful indicators relating to education embrace all levels of
education.

The end product of the education system, viewed as a driver
of technology-based development, is a qualified work force.
Employees can be hired from the pool of graduates of local
education institutions, or recruited from other states and
nations. Work-force characteristics are examined in the
entrepreneurial development section.

With both in-state production and inter-state migration
available as “supply strategies” for companies seeking
workers, it is worth noting two reasons for concern about

the output of the in-state education system. First, local
residents can benefit from the growth of high-tech companies
only if they have the skills required to acquire jobs in

these companies. If the education system in a state is

not supporting the needs of its companies, the companies
may survive by attracting workers from other places, but
opportunity for high-wage careers is thereby denied to in-
state residents. Second, smaller companies depend more
heavily on the local work force than larger companies that
can afford to recruit workers in other states or nations and
pay them to relocate. Boeing and Microsoft, for example,
search the nation and, for some positions, the planet to find
the best candidates. However, a startup software company or
biomedical device manufacturer usually cannot afford such
strategies. Therefore, a strong in-state education system is
key to the success of smaller and younger companies that are
critical to the overall growth of the technology industries.

Two questions are addressed in this section:

1. How well is Washington’s K-12 system preparing our students
for higher education?

2. Is Washington investing in order to sustain a high-quality
higher education system, and how well is that system preparing
our students for the technology-based economy?

K-12 Indicators

The major question addressed in this section is:

How well is the state doing in preparing K-12 students to enter
higher education?

Sub-questions addressed below include these:
1. How many students complete high school?
2. How many students take science and
mathematics courses, and achieve proficiency in
these key areas?
3. How well do the state’s students do on college
entrance examinations?
4. How much is being invested in the state’s K-12
education system?

Input measures for K-12 education include counts of
students taking courses that prepare them for higher
education in science and technology, and state investments
or funding of K-12 education. Output measures include test
scores, proficiency measures, and graduation rates.

High School Completion

Completing high school is a critical step for students
preparing for high-tech careers. A high-school diploma

or GED will not be sufficient for most high-tech jobs, but
graduating from high school is a critical stepping stone
leading to college and perhaps graduate school. In a
technology-based economy, high-school graduation rates
should ideally be very high to prepare as many students as
possible for higher education.




There are a number of views about how best to assess
high-school completion rates. Washington State provides
data on the number of seniors that graduate, but this
measure ignores students who drop out before their last
year. National data, based on eliminating dropouts over

four years from the pool of entering freshmen, provide a
measure of completion that mixes those who graduate with

a regular high-school diploma with those who earn a General
Education Diploma (GED). However, one study found that
many students who pursue alternative paths to completing
high school, resulting in a GED, are not prepared to enter a
university. In fact, this study concludes that dropouts and
GED holders are indistinguishable in terms of labor market
outcomes, and while some GED holders do go on to post-
secondary education, they usually enroll in a vocational
program and infrequently complete a bachelor’s degree
program.4 A third alternative for collecting and reporting this
data, used by the Manhattan Institute, compares the number
of regular diploma recipients to the number of freshmen who
started high school four years earlier, and does not count
GED holders.”

With an eye on preparing students to complete bachelor’s-
level programs in order to succeed in high-tech careers, this
report uses the Manhattan Institute data. According to the
Manhattan Institute, Washington’s actual graduation rate

in 2000, excluding GEDs, is only 68%, one point below a
national average of 69% (Table 2). Using their methodology,
Washington is 32nd out of 50 states, and exactly in the
middle of the peer group states. In fact, none of the peer
group states is doing very well on this key measure; the
top-ranked peer state, Virginia, is ranked 18th nationally.
Three-quarters of Virginia's students who entered high school
in the fall of 1996 graduated in the spring of 2000, just 7%
ahead of Washington’s performance. This is an area in which
all peer states could improve.

Preparation for Studying High-Level Math
and Science

In order to complete high school with the background
needed to go on to college in a scientific or engineering field,
preparation in mathematics and science must begin quite
early. One useful indicator is the percentage of students
who take algebra in 8th grade (Table 3). Unfortunately,

after 1996 many states moved away from reporting course-
taking statistics to the National Assessment of Educational
Progress (NAEP) in favor of relying on various tests designed

4Cameron, S.V,, and J.J. Heckman (1993). “The nonequivalence of high
school equivalents.” Journal of Labor Economics, 11(1) Part 1, 1-47.
5Greene, Jay. Graduation rates in Washington State. New York: Manhat-

tan Institute, August 2002 (http://www.manhattan-institute.org/html/
cr_27.htm, March 2003).

to measure educational achievement. NAEP is a program of
the U.S. Department of Education. It is the only nationally
representative and continuing assessment of what America’s
students know and can do in various subject areas.

Washington is one of the states that stopped reporting
algebra course-taking to NAEP after 1996. As shown in
Table 3, 26% of Washington’s 8th-grade public school
students took algebra in 1996, 2% more than in the nation
but 15% less than the top peer states, Maryland and
Massachusetts. All of the peer states except for Virginia
reported a higher percentage on this indicator than did
Washington. Preparing barely more than a quarter of 8th-
graders for success in higher-level mathematics is not a
strong performance in an increasingly high-tech economy,
and no data are available for later years to see if the
education system is addressing this issue and responding to
the transformation of the economy. Washington’s Office of
the Superintendent of Public Instruction (OSPI) indicates
that this state will be participating in the mathematics and
reading tests offered by NAEP in 2003, and therefore the
algebra course-taking indicator will be available in the future.

Table 2. Public School Graduation Rates in the United

States

Total Graduation Rate, 2000

Percentage Rank
Virginia 75 18
Massachusetts 73 25
Maryland 72 26
Colorado 69 31
Washington 68 32
Texas 67 34
California 66 35
Georgia 56 49
Michigan n/a n/a
Idaho 79 12
Oregon 66 36
New Jersey 87 1

Source: Manhattan Institute, Public School Graduation Rates
in the United States, November 2000
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Table 3. Percentage of Public School 8th-Graders Taking Algebra

Algebra in Algebra in Algebra in
8th Grade, 1996 8th Grade, 2000 8th Grade, 2002

Percentage Rank Percentage Rank Percentage Rank
California 27 n/a 21 7 33 2
Massachusetts 41 n/a 33 2 30 3
Michigan 29 n/a 27 4 27 5
Colorado 28 n/a n/a n/a n/a n/a
Georgia 29 n/a n/a n/a n/a n/a
Maryland 41 n/a n/a n/a n/a n/a
Texas 25 n/a n/a n/a n/a n/a
Virginia 19 n/a n/a n/a n/a n/a
Washington 26 n/a n/a n/a n/a n/a
Idaho n/a 19 9 20 11
Oregon 28 22 6 23 8
Utah 54 1 53
United States 24

Source: Blank, R.K., and D. Langeson. “State indicators of science and mathematics education 2001,”
Washington, D.C.: Council of Chief State School Officers, 2002

Proficiency in Math and Science

Proficiency measures are available from NAEP for most states
at the 8th-grade level for mathematics, reading, science,
and writing, all key skills students need to master before
moving on to high school. NAEP provides assessments of
the percentage of students in each state who are achieving
at basic, proficient, and advanced levels. The criteria for
proficiency include solid academic performance for each
grade assessed; demonstrated competency over challenging
subject matter, including subject-matter knowledge;
application of such knowledge to real-world situations; and
analytical skills appropriate to the subje(:t.6

On three of the measures mentioned above — mathematics,
reading, and writing — Washington's 8th-grade students
score quite well relative to other states, falling among the

10 highest-ranked states in the nation and among the top
five in the peer group of technology-oriented states (Table 4).
However, scores in all states are quite low. Less than a third
of students in most states shown in Table 4 score at or above
the “proficient” level in these three areas.

Course-taking data are also available from NAEP for
science courses in high school; however, more than a third
of all states, including Washington, do not report data on

6For more information about NAEP and its assessment procedures, see
http://nces.ed.gov/nationsreportcard/states/achievement.asp

these indicators, making comparisons with the peer states
impossible. Washington’s 8th-graders have not been
assessed for science proficiency in the past, although they
will be assessed in future years, according to OSPI. In
1996, 12.5% of Washington students were taking life,
physical, earth, general, or integrated science courses.



Table 4. Proficiency Scores on Math, Science, Reading, and

Writing
Math Math Science
Proficiency, Proficiency, Proficiency,
1996 2000 2000
Percentage Rank Percentage Rank Percentage Rank
Massachusetts 28 6 32 4 Massachusetts 42 2
Maryland 24 10 29 7 Michigan 37 7
Michigan 28 6 28 8 Virginia 31 12
Washington 26 8 26 10 Maryland 28 15
Virginia 21 12 26 10 Georgia 23 20
Colorado 25 9 25 11 Texas 23 20
Texas 21 12 24 12 California 15 24
Georgia 16 17 19 16 Washington n/a 39
California 17 16 18 17 Colorado n/a 39
Oregon 26 8 32 4 |daho 38 6
Idaho n/a n/a 27 9 Oregon 33 11
Minnesota 35 1 40 1 Montana 46 1
Source: National Assessment of Educational Progress, “The nation’s Source: National Assessment of Educational Progress, “The nation’s
report card, mathematics 2000,” Washington, D.C.: U.S. report card, science 2000,” Washington, D.C.: U.S. Department of
Department of Education Education
Reading Writing
Proficiency, Proficiency,
1998 1998
Percentage Rank Percentage Rank
Massachusetts 36 4 Massachusetts 31 3
Virginia 33 7 Texas 31 3
Washington 32 8 Colorado 27 5
Maryland 31 9 Virginia 27 5
Colorado 30 10 Washington 25 6
Texas 28 12 Georgia 23 8
Michigan 28 12 Maryland 23 8
Georgia 25 15 California 20 11
California 22 18 Michigan n/a n/a
Oregon 33 7 Oregon 27 5
Idaho n/a n/a Idaho n/a n/a
Connecticut 42 1 Connecticut 44 1
Source: National Assessment of Educational Progress, “1998 national Source: National Assessment of Educational Progress, “1998 national
and state reading summary data tables for grade 8 student data,” and state writing summary data tables for grade 8 student data,”

Washington, D.C.: U.S. Department of Education, 1998 Washington, D.C.: U.S. Department of Education, 1998
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Performance on College Entrance Exams
Students who plan to enter a science or engineering field
generally recognize that jobs in these industries require

a college degree. So, the percentage of students who
score highly on college entrance exams such as the SAT
or ACT is a useful measure of the degree to which K-12
schools are preparing students for high-tech industry
careers. Washington scores in the middle of all states on
this measure, 18th nationally, but fifth among the peer
state group (Table 5). Washington’s students improved on
this indicator from 2000 to 2002. Note, however, that
Washington’s rank nationally dropped from 13th in 2000
to 18th in 2002 despite a 0.5% increase in the number
of examinees who scored in the top 20% nationally. This
implies that students in other states are improving their
scores at a faster rate than Washington’s students, a
worrisome statistic.

Table 5. Number of Public and Private High School
Seniors Scoring in the Top 20% Nationally on College
Entrance Examinations (per 1,000 High School
Graduates)

College Entrance College Entrance
Exams, 2000 Exams, 2002
Number of Number of
scores in scores in
top 20% per top 20% per

1,000 HS 1,000 HS

graduates Rank graduates Rank
Colorado 204 2 209 2
Massachusetts 180 8 193 5
Michigan 175 10 178 11
Maryland 154 15 166 17
Washington 159 13 164 18
Virginia 135 23 148 25
California 123 31 135 29
Texas 125 30 134 30
Georgia 104 37 117 39
Idaho 152 16 162 19
Oregon 141 21 154 21
lllinois 207 1 218 1

Source: The National Center for Public Policy and Higher Education,
Measuring Up, 2002

Investments in K-12 Educational Systemn
Although money alone doesn’t ensure that schools are
producing graduates who are ready for a high-tech-based

economy, funding must be adequate. Science courses tend

to be more expensive than language or history courses, due
to the cost of laboratories, so a measure of investment gives
some insights into the ability of schools to prepare students
for the future. The per-pupil spending level from all public
sources is a standard measure of the resources devoted to
K-12 education. Washington falls in the middle of all states
on this measure, 26th in the nation as of 2001-02, and
sixth among the peer states (Table 6). Of concern is the fact
that spending in this state was less than three-fourths of

the level in the top state, New York. In a technology-based
economy, a ranking in the middle of the nation is not likely
to provide adequate funding for more than the basics of an
education, and certainly not critically important laboratory-
based courses. This indicator suggests that K-12 education
is under-funded compared to the rest of the nation, including
many of our peer states and competitors in technology
industries, and our trend is continuing downward. Georgia,

in contrast, has moved during the period of 1998 to 2002
from 87% of the national average to 101%, while during that
same time frame we have moved from 99% to 96%.

Table 6. Per-Pupil Expenditures for K-12 Education as a
Percentage of the National Average

Rank in

1998- 1999- 2000- 2001- 2001-

1999 2000 2001 2002 2002
Massachusetts 126% 126% 130% 131% 5
Michigan 111% 110% 114% 114% 13
Maryland 109% 111% 110% 104% 19
Georgia 87% 89% 92% 101% 21
Virginia 94% 105% 95% 99% 25
Washington 99% 99% 92% 96% 26
California 91% 89% 88% 91% 32
Texas 86% 89% 90% 91% 33
Colorado 90% 88% 86% 83% 40
|daho 72% 74% 76% 77% 46
Oregon 99% 107% 104% 110% 15
New York 143% 139% 140% 143% 1

Source: National Center on Education Statistics, U.S. Department of Education

Conclusion

Looking at all eight indicators of Washington’s performance
on K-12 education, this state typically falls among the
bottom half of its peer states and often below its neighbors.
Our peers are a fairly elite group of states with generally
strong economies and healthy high-tech clusters. Thus,
falling in the middle of the pack is cause for concern,
particularly for the long term.



Higher Education Indicators
The central question addressed in this section is:

Is Washington investing in order to sustain a high-quality higher
education system, and how well is that system preparing our
students for the technology-based economy?

Several sub-questions are addressed in separate sections
below:
1. How many high-school students go on to
participate in higher education?
2. How many state residents earn a bachelor’s or
higher-level degree?
3. How many adults participate in continuing
education?
4. What is the level of state investment in higher
education?

After taking the necessary courses in high school and

doing well on college entrance examinations, a substantial
percentage of Washington’s high-school graduates enroll

in college either in this state or somewhere else. Some
students do not immediately enter college after high school,
but may matriculate in a college after years in the work force
or military service. Thus, in assessing college participation
and completion rates, it is necessary to keep track of specific
age cohorts and their participation and success in higher
education.

Students contemplating higher education in this state have
a number of possible paths. Washington is a state that has
invested in a widespread system of community and technical
colleges, referred to henceforth as “two-year institutions.”
The state also has two public research universities, four
public regional universities, and a number of private
universities and colleges. Henceforth, in this section this
group of institutions is referred to as “four-year institutions.”

The 50 states differ significantly in the degree to which

they rely on community colleges to provide lower-division
education to students who plan to complete a four-year
degree. Graduation rates are a critical output indicator and
overall graduation rates are included in this study. However,
no reliable data are available on transfer student outcomes in
this state or in others relying heavily on community colleges
for the lower-division college years. Therefore, interpretation
of the available two-year and four-year graduation rates is
problematic. This is a critical gap in the available data,
making it impossible to reach definitive conclusions about
how well this state is preparing students for the technology-
based economy.

Participation in the Higher Education System
The first indicator to be examined is the proportion of high-
school students who complete high school within four years
and then immediately enroll in college in any state (Table

7). A total of 32% of 9th-graders from Washington in the
1996-97 school year enrolled in a college somewhere in the
United States by the fall of 2000. Washington ranked 45th
in the nation on this measure and at the bottom of the peer
state group. Running Start, a Washington state program that
allows high school students to start college early, affects this
data to some degree, so Washington may perform slightly
better than the data indicate. The leading state in the
nation, North Dakota, saw 58% of the class of 2000 entering
college the next fall. Among peer states, Massachusetts is
the leading state, with 52% of the class of 2000 entering
college the next fall. Washington lags this state by 20%,

a significant gap in higher education participation. Fully
one-third more of Massachusetts’ and North Dakota’s
graduates are gaining the opportunity of a college education
than are Washington’s high-school graduates. Perhaps more
important, among the peer states, only Massachusetts has
more than half of its students completing high school and
enrolling in college within four years. In a technology-based
economy, all states should be working to improve on this
indicator because technology-based companies require a
highly educated work force.

Table 7. Percentage of 9th-Graders Enrolling in College Within
Four Years (College Entrance Years Shown)

High School to High School to
College Rate, 1998 College Rate, 2000
Percentage Rank Percentage Rank
Massachusetts 54 2 52 3
Michigan 42 19 40 18
Virginia 41 21 39 19
Maryland 41 23 39 21
Colorado 39 30 37 29
Texas 31 45 33 41
California 35 39 32 43
Georgia 31 46 32 45
Washington 37 33 32 45
Idaho 37 32 34 32
Oregon 32 44 34 34
North Dakota 59 1 58 1

Source: Mortenson, T. “Chance for college by age 19 by state in 1998,”
Postsecondary Education Opportunity, No. 98, August 2000,
http://www.postsecondary.org/

As noted above, some students enter the work force or
military service before entering college, and therefore a
broader cohort of young adults may benefit from a college
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education, not just those students who enter immediately
after high school. To assess enrollment of this age cohort,
this study uses the Current Population Survey.7 Looking at
18-24-year-old adults who are enrolled in undergraduate
college education, Washington ranks fifth among its peers
and 10th in the nation for college enrollment of this young
adult cohort. Compared to Connecticut, Washington’s
enrollment of this cohort is about three-quarters of the level
in the leading state, and 6% below the leading peer state,
Michigan (Table 8).

Table 8. Percentage of 18-24-Year-0lds Enrolled in College,
Grades 13-16 (Pooled Data Years Shown)

Young Adult Young Adult
Enrollment, Enrollment,
1996-98 1998-2000
Percentage Rank Percentage Rank

Michigan 40 3 39
Massachusetts 38 5 38 5
California 38 5 36 7
Maryland 42 2 35 8
Washington 32 11 33 10
Virginia 34 9 31 12
Texas 30 13 27 15
Colorado 29 14 26 16
Georgia 26 16 24 18
Idaho 27 15 32 11
Oregon 26 16 25 17
Connecticut 42 2 43 1

Source: The National Center for Public Policy and Higher Education,
Measuring Up, 2002

Number of Bachelor’s Degrees Granted
Technology companies stress the importance of earning a
baccalaureate level degree to enter their work force. Thus,
the percentage of the young adult population that earns a
four-year degree is an important indicator. In Washington,
just 4.3% of the 18-24-year-old population had earned a
baccalaureate degree in 1998, the last year for which this
indicator is available. This outcome placed Washington in
sixth place among its peers and just 32nd in the nation.
In Rhode Island, the leading state in educating its 18-24-
year-olds at the baccalaureate level, more than twice the

7Note that smaller states such as Washington do not have a sufficiently
large sample size to permit reliable population estimates from a single
year of the CPS, so the conventional approach, which is also used in this
study, is to pool three years of data and to estimate variables for this
three-year time period.

percentage of 18-24-year-olds achieved a baccalaureate level
degree in 1998 (Table 9).

Engineering and science baccalaureates are of particular
interest to technology companies. Among Washington’s
18-24-year-old residents in 1998, 0.74% had earned

a bachelor’s degree in an engineering or science field.

The relative size of this class of engineering and science
graduates was sixth largest among the peer states and in
34th place nationally. The leading state, Vermont, had
more than twice the percentage of engineering and science
graduates (Table 9). While the indicators used in this
report are almost all normalized by population or some other
relevant variable, it is interesting to note that California,

a very populous state, produced over 112,000 college
graduates in 1998, including more than 21,000 engineers
and scientists. The number of graduates from this state is
so large compared to any other state that it has a substantial
comparative advantage in technology fields, which helps
explain the success of the technology clusters in the Bay
Area and Southern California. Washington may be higher-
ranked on a proportional basis, but the sheer size of the
college graduate population in California gives this state a
considerable competitive advantage.

These findings about relatively low baccalaureate completion
rates compared to peer states are very important to

consider in conjunction with the data presented later in

this section and in the Entrepreneurial Capacity section on
the educational attainment of the incumbent work force.
Washington scores relatively higher on incumbent work-
force measures, indicating that many of the good jobs in
technology companies in this state are going to people who
earned their higher education credentials in other states.
Clearly, opportunity is being created, but may be beyond the
grasp of 95% of Washington’s young adults who do not earn
a baccalaureate degree by age 24.



Table 9. Bachelor’s Degrees Granted as Percentage of the 18-24-Year-0ld Population, 1998

1988 Percentage Science & Percentage

Population Total 18-24 Engineering 18-24

Aged 18-24 Degrees Population Rank Degrees Population Rank
Massachusetts 505,375 40,727 8.06% 3 7,130 1.41% 4
Colorado 377,072 21,314 5.65% 13 4,389 1.16% 8
Michigan 921,169 44,186 4.80% 24 9,039 0.98% 15
Virginia 657,492 31,000 4.71% 25 5,767 0.88% 22
Maryland 433,859 21,720 5.01% 21 3,660 0.84% 24
Washington 539,752 23,442 4.34% 32 3,977 0.74% 34
Georgia 755,097 29,408 3.89% 38 5,338 0.71% 37
California 3,167,158 112,145 3.54% 44 21,279 0.67% 41
Texas 2,048,729 71,771 3.50% 45 12,645 0.62% 44
Oregon 303,420 13,652 4.50% 31 2,369 0.78% 30
Idaho 139,361 4,602 3.30% 47 925 0.66% 42
Rhode Island 83,035 8,169 9.84% 1
Vermont 783 0.94% 1

Source: U.S. Department of Commerce, Technology Administration, Science and Technology Indicators

Number of Higher-Level Degrees Granted
Many companies with a substantial research and
development operation employ Ph.D.-level scientists and
engineers to lead particular development efforts. In addition,
Ph.D.-level scientists and engineers are needed to serve as
professors to train students at all college levels. Looking

at the 25-34 age cohort, the Milken Institute assessed the
number of science and engineering Ph.D.s awarded in each
state. Washington ranks 29th in the nation on this measure
in 1999, 7th among the peer state group, and substantially
behind neighboring Oregon. Massachusetts was the leading
state on this indicator, with 161 Ph.D.s per 100,000
residents aged 25-34 (Table 10).

The rate of Ph.D. production in Massachusetts is over

three times the level in Washington. The gap between
Washington and the leading peer state at this highest level
of education is much greater than the substantial gap at the
baccalaureate level where Rhode Island produces twice as
many baccalaureate degrees as a percentage of the 18-24-
year-old cohort as Washington. The market for new Ph.D.s is
national, and one would not expect all of the Ph.D. recipients
from Harvard and MIT to stay in Massachusetts. However,
many do, since the Boston area offers many career options

in science and engineering fields, and the quality of life in
the area is very good. This high rate of Ph.D. production

is an economic asset for Massachusetts, and a source of
competitive strength that Washington does not come close to
matching. This same observation applies to five other peer
states, each of which is granting 9% to 38% more Ph.D.s.
than Washington. Using Census estimates of the number of

persons aged 25-34 in each state allows estimation of the
number of degrees awarded. California granted about 7.5
times more Ph.D.s than Washington. Assuming that these
two states capture an equal percentage of Ph.D.s in their
own work force, California is creating a talent advantage far
in excess of Washington.

Table 10. Number of Science and Engineering Ph.D.s
Awarded per 100,000 Residents in the 25-34 Age
Cohort, 1999

Percentage Estimated
of Degrees Ph.D.s
Rank Awarded Awarded
Massachusetts 1 161.6 1,498
Maryland 5 91.8 687
Colorado 7 85.1 565
Michigan 19 70.3 958
California 20 63.9 3,344
Virginia 24 62.4 647
Washington 29 53.0 446
Texas 30 52.8 1,670
Georgia 36 46.2 600
Oregon 26 61.0 287
Idaho 46 26.0 44

Source: Milken Institute and U.S. Census
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Continuing Education

The emerging technology-based economy poses a challenge
to adult workers who need to upgrade their skills to stay
competitive. In some occupations, training is provided on
the job, but in many technological fields, additional formal
education is required. In addition, displaced workers
leaving lumber mills or a cyclical industry such as aircraft
manufacturing often need to retrain for a different career in
order to get back into the labor force. Thus, the capacity of
a state to engage its adult citizens in formal post-secondary
education, often on a part-time basis, is an important

measure of readiness in a technically sophisticated economy.

Despite this state’s extensive community and technical
college system, only 3% of adults were enrolled in part-time
post-secondary education in 2002. This enroliment level
placed this state 18th nationally on adult enrollments, and
eighth among its peer states (Table 11). While the top-
ranked state, New Mexico, enrolled twice the percentage of
its adult population in post-secondary education, the reality
is that relatively few adults are enrolled in any state. The
pressures of work and family life often leave little time for
education, and displaced worker programs are focused on
short-term and remedial training rather than significant skill
upgrades. All over this nation, a stronger commitment to
adult education would benefit all technology companies.

Table 11. Adult Enrollment in Part-Time Post-Secondary
Education

Adult Enrollment, Adult Enrollment,
2000 2002
Percentage Percentage

Enrolled Rank Enrolled Rank
California 4.3 6 4.9 5
Colorado 4.3 6 4.9 5
Maryland 4.6 4 4.4 6
Massachusetts 3.8 19 4.4 6
Michigan 4.4 5 4.2 8
Virginia 3.9 9 4.2 8
Texas 3.2 16 3.5 13
Washington 2.9 19 3 18
Georgia 1.8 27 2.1 25
Oregon 2.9 19 3.4 14
Idaho 2.7 21 3 18
New Mexico 4.9 2 6 1

Source: The National Center for Public Policy and Higher Education,
Measuring Up, 2002

Investments in Higher Education

Higher education is expensive and is funded by a
complicated mix of sources. These include: tuition paid
for by the student and the student’s family; financial aid
from federal and state sources; student loans from public
or private sources; private philanthropy; and, in the case of
state institutions, state support. This complex combination
of sources makes it extremely difficult to make relevant
comparisons, and impossible to fairly compare higher
education investments on a state-by-state basis.

Washington's Higher Education Coordinating Board (HECB)
uses peer institutions to compare our state’s investment
levels to others. The board has selected four separate peer
groups: one for University of Washington with 23 peers; one
for Washington State University with 22 peers; one for the
four state comprehensives (Central Washington University,
Eastern Washington University, The Evergreen State College,
and Western Washington University) with 269 peers; and,
one for the 33 community and technical colleges with

136 peers. The peers were selected because they are state
institutions with similar missions.

As the following charts indicate, state funding for our
state institutions is well below the peers at every level of
the system, with the largest discrepancy at the research
universities, particularly the University of Washington.



Chart 1. Investments in Higher Education

University of Washington Compared to Comparable Institutions in Other States (23 Institutions)
State and local government appropriations per FTE student (FY 2001)

$18,196

$12,148

UC Davis Peer Average (23) UW-AII Univ. of Pittsburgh
campuses Main Campus

Source: Higher Education Coordinating Board, December 2002

Washington State University Compared to Comparable Institutions in Other States (22 Institutions)
State and local government appropriations per FTE student (FY 2001)

$28,113

Cornell University Peer Average (22) WSU-AII Colorado State
campuses University

Appropriations include funding for agricultural research and cooperative extension services.
Source: Higher Education Coordinating Board, December 2002



Chart 1 (continued).

Washington Comprehensive Institutions Compared to Comparable Institutions in Other States (269 Institutions)
State and local government appropriations per FTE student (FY 2001)

$11,322

Top Ten Peer Average Washington Bottom Ten
(269) Comprehensives

Source: Higher Education Coordinating Board, December 2002

Washington Community and Technical Colleges Compared to Comparable Institutions in Other

States (136 Institutions)
State and local government appropriations per FTE student (FY 2001)

$11,146

Top Ten Peer Average WA CTC’s Bottom Ten
(135)

Source: Higher Education Coordinating Board, December 2002



This disinvestment is not new. As the following two charts
show, both the University of Washington and Washington
State University have experienced an ongoing decline in state
support over the past decade while their peer institutions
experienced increased public investment.

Chart 2. State Appropriations per FTE, Constant Dollars

Conclusion

Washington’s performance in the higher-education arena

needs improvement to sustain the technology-based

industries that have gotten started in this state. The number

of bachelor’s degrees granted overall, particularly in science

and engineering majors, is in the lowest third of the nation
on a per capita basis. This is far lower
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0.05 technically sophisticated work force that
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Source: University of Washington and Washington State University

In the past decade, the burden for paying for higher
education has shifted to students and families as tuition
costs have risen dramatically. In addition, because
Washington failed to anticipate the needs of the “baby boom
echo” generation and increase the capacity of its institutions
to serve them, these institutions are now over-enrolled. Now,
with funding cut, they cannot add capacity, and qualified
students were turned away from every four-year college in the
state last year.
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Indicators of Technology-Based Economic Development

Research Capacity

The major question addressed in this section is:

Is Washington adequately supporting our research institutions
and the people who fuel them in order to create innovations that
are the foundation for a technology-bhased economy?

Several sub-questions are addressed in separate sections
below:
1. How much do federal, state, private industry,
and non-profit institutions spend performing
research and development in Washington State?
2. What is the level of innovation in Washington
State?
3. Is Washington State attracting and keeping
leading science and medical researchers and
engineers?

A number of the indicators presented below address inputs
to the technology creation process, including funding for
research and development (R&D) and assembling pools

of talented researchers capable of leading R&D programs.
Other indicators assess outputs, such as patenting by
corporations, research institutions, and individuals, and
licensing activity by research institutions.

The capacity to conduct leading-edge R&D is essential to
compete in a rapidly evolving technology economy. As Ross
DeVol says in the Milken Institute report:

“The research and development infrastructure of a state is
critical to building new industry clusters from breakthrough
technologies or sustaining the vibrancy of existing industry
clusters.”®

Successful R&D programs are also important in that they

attract new talented scientists and researchers into an area.
These talented individuals may make their careers in the

8DeVoI, op. cit., p. 8.

laboratory, or they may emerge from the laboratory over time
as leaders of new companies.

Research and Development Funding
This section address the following question:

How much do federal, state, private industry, and non-profit
institutions spend performing research and development in
Washington State?

Both public and private R&D are important in answering this
question. University researchers conduct basic research

in many fields that yield potentially commercializable
technologies. Private companies usually specialize in more
applied development work, taking their own ideas or basic
research from universities through a further development
process that results in a product or service that can be sold
at a profit. While greater expenditures are required in the
applied development process than in basic research, both
components are essential for vibrant technology-based
economic development.

Understanding the data on research and development
funding requires an explanation of several terms. The
National Science Foundation (NSF) conducts surveys every
other year that are the basis for most statistics about R&D
funding. The NSF distinguishes between funders and
performers of research. Funders include various agencies
of federal government; non-federal governmental entities
such as states, municipalities, and special districts; private
industry; and non-profit organizations such as foundations
and interest groups. The classes of research performers

in the NSF data include federal government agencies,
universities and colleges, private industry, and non-profit
research institutes.

Ideally, data on R&D funding would be the focus of this
section, but R&D funding is concentrated in a relatively
few large corporations in many states. As a consequence
of federal requirements to protect the identity of survey




respondents, data on industry funding for R&D are
suppressed in a number of states, including Washington.
Therefore, most of the data presented in this section is

for R&D performers, with one exception. Non-federal
government funding for R&D is presented in Table 14;
this category includes state and local government funders
of R&D. The dollars reported in Table 14 are a subset of
the university and college R&D performers data reported
in Table 13 since all non-federal government funded R&D
is performed by universities and colleges. Non-federal
government funding comes mostly from states and is often
used as seed capital to get new research programs started.
If successful, new endeavors started with state funds are
then able to compete for federal research funding or attract
private investment.

One last note is needed before turning to the data. The
non-profit R&D performers included in Table 12 are an
interesting and diverse group of research institutes. This
category includes non-profit research institutes such

as the Fred Hutchinson Cancer Research Center. The
category also includes Federally Funded Research and
Development Centers. This sub-category includes national
laboratories that are operated by private contractors
including universities and non-profit organizations. Lawrence
Livermore National Laboratory in California is operated by
the University of California (UC), while the Pacific Northwest
National Laboratory is operated by the Battelle Memorial
Institute. Both UC and Battelle are organized as non-profit
corporations.

On a per-capita basis, Washington is in the middle of the
pack of peer states with respect to both academic R&D (sixth
place among its peers and 20th rank nationally) and R&D
performed in federal facilities (eighth place among its peers
and 21st nationally). With respect to industry-performed
R&D, Washington is in third place among its peers and fourth
place nationally on a per-capita basis. It is likely that this
strong standing is due to large R&D programs at Microsoft
and Boeing. Turning to R&D performed at non-profit
organizations, Washington falls in fourth place among its
peers and sixth nationally.

However, note that the per-capita levels in the leading states
are two to three-and-a-half times larger than Washington'’s,
suggesting that the relative rankings do not tell the entire
story for this indicator (Table 12). On an absolute value
basis, California turns up as the state with the largest
amount of funding in every category except federal laboratory
funding, where Maryland and Virginia, two states adjacent to
the national capital, spend more. Washington universities
received one-sixth the amount of funding that California’s
universities received. Industries funded nearly five times

as much research and development in California as in

Washington. Non-profits in California funded over ten times
as much research. And the federal laboratories in Maryland
received over twenty-four times as much funding. Because
the absolute amounts are so much larger in California, more
commercially successful products and companies are likely
to emerge. And the federal funding in Maryland and Virginia
may keep these states competitive if their federal laboratory
commercialization programs are well managed.

Table 12. Expenditures on Research and Development, 1999

Academic R&D
$1,000s Rank $ per Rank
capita
California 3,658,622 1 109 15
Texas 1,829,967 3 89 30
Massachusetts 1,402,522 4 222 2
Maryland 1,387,262 6 264
Michigan 919,390 9 93 28
Georgia 839,715 10 104 18
Washington 588,075 13 101 20
Virginia 531,286 16 76 36
Colorado 507,673 18 120 11
Idaho 71,674 38 56 43
Oregon 319,700 26 94 25
Federal Laboratory R&D
$1,000s Rank $ per Rank
capita
Maryland 4,814,517 1 916 1
Virginia 1,793,639 2 256 2
California 1,749,647 3 52 13
Texas 584,149 7 28 24
Georgia 278,552 10 35 18
Massachusetts 240,059 11 38 17
Colorado 238,003 12 56 10
Washington 191,104 16 33 21
Michigan 149,473 19 15 31
Idaho 27,448 42 22 28
Oregon 89,369 22 26 26
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Table 12 (continued).

Industry R&D
$1,000s Rank $ per Rank

capita
California 39,047,000 1 1,166 7
Michigan 17,714,000 2 1,790 1
Texas 9,935,000 4 483 22
Massachusetts 9,314,000 6 1,474
Washington 7,231,000 9 1,238 4
Colorado 3,136,000 15 742 13
Virginia 2,488,000 17 355 27
Georgia 1,827,000 20 227 30
Maryland 1,700,000 21 324 28
Idaho 1,210,000 28 949 9
Oregon 1,540,000 22 454 24

Non-profit R&D
$1,000s Rank $ per Rank

capita
California 3,510,166 1 105 3
Massachusetts 1,233,310 3 195 2
Colorado 327,409 6 77 4
Washington 326,253 7 56 6
Virginia 287,236 8 41 7
Maryland 185,536 10 35 8
Texas 80,056 13 4 27
Michigan 15,694 27 2 37
Georgia 14,542 30 2 35
Idaho 279 49 0 48
Oregon 24,998 21 7 22
New Mexico 1,302,328 2 720 1

Sources: Census and National Science Foundation “Science &
Engineering Indicators 2002,” Appendix table 4-21

To get a picture of the relative commitments at the state
level, this study looks at the data on R&D funding provided
by non-federal units of government. In Table 13, Washington
ranks last among its peers and 46th in the nation on a per-
capita basis. The top-ranked peer state spends over five
times as much as Washington on a per-capita basis, and the
top-ranked state, Hawaii, spends over 10 times as much per
capita. Neighboring states spend three to four times what
Washington spends per capita from state and local sources.
In absolute dollar terms, California and Texas spend at least

11 times as much on R&D as does Washington, creating
competitive advantages that are far outweighed by relative
population size differences.

Table 13. Non-Federal Government Funding for R&D, 1999

$1,000s Rank $ per Rank
capita

California 185,716 1 5.54 32
Texas 183,149 2 8.91 18
Maryland 76,138 7 14.49 7
Georgia 74,085 8 9.21 16
Colorado 24,992 30 5.91 28
Michigan 58,472 11 5.91 29
Virginia 55,121 12 7.87 20
Massachusetts 32,905 24 5.21 35
Washington 16,340 32 2.80 46
Idaho 15,718 33 12.32 8
Oregon 33,975 23 10.01 15
Hawai'i 35,111 22 29.01 1

Sources: Census and National Science Foundation “Science &
Engineering Indicators 2002,” Appendix table 4-21

State funding for research at universities is often used as
seed money to break into new fields. Examples in peer
states include the Life Sciences Corridor in Michigan, the
Georgia Research Alliance and the Yamacraw Initiative in
Georgia, and a University of California Engineering Initiative
and the Institutes for Science and Innovation in California.
Funding comes from a variety of sources in these peer states,
including lease revenues if private investors are involved,
tobacco settlement funds, and lottery proceeds. Currently,
those financial mechanisms are not used to provide research
funding in Washington, and the only recent state initiative
in the technology field is the Institute of Technology, a
teaching-oriented center at the University of Washington
branch campus in Tacoma. Less noticed but equally
important, state line-item funding for general research at

a university also helps to demonstrate the state’s overall
commitment to research. These dollars are often used on

a discretionary basis by department chairs to assist young
faculty in getting started on a research agenda that can be
supported later with external funds from the NSF or through
foundation grants. Washington’s universities appear to be at
a significant competitive disadvantage due to limited state
investment in research.

Total R&D expenditures by research performers other than
private industry are shown in Table 14. Industry research
and development falls primarily on the product development
side of the equation, with most basic research coming out



of academic and federal laboratories that are funded by
either federal programs or non-profits. Therefore, the basic
research endeavor in each state can be estimated by looking
at the sum of academic, federal laboratory, and non-profit
research expenditures (Table 14). California is the top-
ranked state on this measure in actual dollars expended,
whereas Maryland is the first in per-capita expenditures.
Washington is next to last among its peers in absolute
dollars, and in the middle third in per-capita terms. In
absolute dollars, California is spending 12 times as much as
Washington, and in per-capita terms, Maryland is spending
seven times as much as Washington. This state appears to
be at a significant competitive disadvantage in funding for
non-industrial research.

Table 14. Total R&D Expenditures of Non-Industrial
Research Performers, 1999

$1,000s Rank $ per Rank
capita

California 12,525,676 1 374 5
Maryland 6,732,400 2 1,281 1
Massachusetts 5,091,112 3 806 3
Virginia 3,603,451 5 515 4
Texas 2,268,991 7 110 35
Georgia 1,145,977 13 142 19
Michigan 1,099,634 15 111 34
Washington 1,034,436 16 177 13
Colorado 1,020,867 18 242 9
Idaho 79,721 46 62 45
Oregon 392,619 25 116 32

Sources: Census and National Science Foundation “Science &
Engineering Indicators 2002,” Appendix table 4-21

Comparing the different classes of R&D performers, it is
clear that industry is the largest performer of R&D, with
industry expenditures in Washington accounting for 87% of
total R&D expenditures. In Massachusetts, the leading state
for total R&D expenditures, industry accounts for 76% of the
total. Industry is a relatively large contributor to the total in
Washington, and non-federal government is a comparatively
weak funder in this state. Despite the prominence of the
University of Washington among public universities in
accessing federal research dollars, overall academic research
expenditures per capita in Washington are not at a very high
level according to this data source. Although this finding
may reflect underreporting that needs to be corrected since
the total for academic expenditures in Table 12 appears to
be low, this finding remains a concern.

Washington’s Level of Innovation
This section addresses our second question:

What is the level of innovation in Washington State?

R&D programs generate new technologies, some of which
can be turned into profitable business ventures. The

first step on the way out of the laboratory is often filing

a patent application to protect commercial interests in

a commercializable technology. Thus, a good measure

of the success of R&D programs is the number of patent
applications generated. Admittedly, this is an imperfect
measure since a patent is actually just a way to protect
commercial rights, not a measure of technology development,
per se. In some fields such as software, copyrights may

be used in addition to, or in lieu of patents, and in other
fields, companies are able to distinguish their product
through marketing programs or develop lower-cost production
methods than their competitors. In these instances,
companies may not feel a need to obtain patent protection.
And some patents are simply far more important than others
as they represent breakthrough inventions that will lead to

a whole string of subsequent innovations. Despite these
imperfections, which suggest that the number of patents
filed is lower than the true number of significant inventions,
patent counts are the best available measure of technological
progress.

Ideally, the patent count would be augmented by a second
measure signaling the importance of a patent: the number
of citations of patents owned by companies or institutions in
a particular state. However, there are so many variations in
patenting behavior in different scientific fields that a valid
comparison of patent citations state by state would require
taking a sample of patents in certain fields and comparing
citations across states just for those selected fields of
science. Such a measure may be developed in future
editions of this report, but is not available at present.

Table 15 shows the absolute number of patents, as well

as patents per 10,000 state residents. The absolute
number of patents in California is nearly 9.5 times larger
than in Washington, an enormous competitive advantage
that is larger than population size alone would suggest.
Washington'’s patent level is close to that in Colorado, a
slightly smaller state. The patent counts by state for 2001,
normalized by population levels, show Washington in fifth
place among its peers and in 15th place nationally. Both

of our neighboring states have a higher level of patenting

on a normalized basis; in fact, Idaho is the top-ranked state
nationally on a per capita basis. Massachusetts, a state with
a population only slightly larger than that of Washington, had
1.7 times as many patents per capita in 2001.
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Table 15. Patents Issued, 2001

2001
2001 Patents
Patents  Population per 10,000 Rank
California 18,598 34,600,463 54 5
Texas 6,371 21,370,983 30 17
Michigan 3,854 10,006,266 39 11
Massachusetts 3,667 6,401,164 57 3
Washington 1,969 5,993,390 33 15
Colorado 1,927 4,430,989 43 10
Maryland 1,483 5,386,079 28 22
Georgia 1,370 8,405,677 16 29
Virginia 1,115 7,196,750 15 32
Idaho 1,697 1,320,585 129 1
Oregon 1,259 3,473,441 36 12

Sources: U.S. Patent and Trademark Office Census

Table 16. Cumulative Patents Issued, 1963-2001

Cumulative Cumulative
Patents, Patents per

1963-2001 Rank 10,000 Rank
California 295,367 1 8,537 1
Texas 106,825 7 4,999 24
Michigan 105,002 8 10,494 5
Massachusetts 82,103 9 12,836 4
Maryland 36,228 15 6,726 18
Washington 29,193 16 4,871 25
Colorado 27,902 18 6,297 20
Virginia 27,138 19 3,771 29
Georgia 20,649 23 2,457 42
Idaho 9,795 35 7,417 15
Oregon 18,745 24 5,397 21
Delaware 16,531 26 20,752 1

Sources: U.S. Patent and Trademark Office, Census

Looking at a longer time period shifts the relative ranking
of states considerably. Over the 37-year period from 1967
to 2001, Washington falls in sixth place among its peers
(Table 16). The leading state, California, has accumulated
ten times as many patents as Washington. This technology
advantage in California may perpetuate its leading status in
technology-based economic development for many years.
Inventors, companies, and research institutions in Michigan
and Texas have filed three times as many patents as their
Washington peers, and those in Massachusetts have filed 2.8
times as many patents. Normalizing for size, Washington

falls in seventh place among its peers, and 25th place
nationally, in terms of patents per 10,000 residents. Among
peer states, Massachusetts is the top-ranked state over this
long time period on patents per 10,000 residents. Georgia
and Virginia lag the pace in Washington considerably on a
normalized basis. For both the most recent year and over
the long period from 1967 to 2001, patenting activity in
Washington significantly lags behind that of most of the peer
states.

Licenses

As noted above, universities are particularly important
players in technology development because they do the
basic research that other actors, particularly private industry,
can pick up and turn into commercially valuable products
and services. However, for this role to be fulfilled, research
results must become known to private firms, and a transfer of
knowledge and often of intellectual property rights must take
place. Many universities have organized technology transfer
offices to ensure that research does in fact get transferred

to interested private firms, and not incidentally, to ensure
that the university earns a return for the intellectual

property its faculty and students create. Thus, counting the
licenses issued by these offices is one way of measuring the
technologically valuable output of universities (as opposed
to pure science, which may or not have commercial value).
The Association of University Technology Managers (AUTM)
has been surveying its members, research universities in
various states, for at least 10 years to gather statistics about
licensing activity. Aggregating the number of licenses from
each university by state yields a measure of each state’s
volume of technology licenses, and normalizing these
statewide counts by population provides a measure on which
states can be compared.

In terms of the absolute number of licenses, Washington
ranked fifth among its peer states in 2000, squarely in

the middle of its peers. In that year 135 universities
responded to the AUTM survey, and reported a total of 3,607
technology licenses issued. California is the leading state
and California universities issued five times as many licenses
in 2001 compared to Washington. Washington, however,
ranks much more highly than its neighboring states on this
measure (Table 17). On a per-capita basis, Washington
ranks third among its peers and 8th nationally in the number
of university technology licenses per million residents in
2000, a strong performance viewed on this normalized basis.
However, on a per capita basis, the difference between
Washington and the lead peer state, Massachusetts, is
almost 2 to 1, a substantial gap. These gaps suggest that
this is an area worthy of future research to determine if it

is the research portfolio, university policies, or other factors
that may explain these differences.



Data are also available from AUTM over a 10-year time
period for the 59 research universities that consistently
responded to their survey. Over the decade from 1991 to

2000, these universities issued a total of 16,273 Table 17. Technology Licenses, 2000

technology licenses. In interpreting these data,
keep in mind that the sample of respondents
over the decade is much smaller than for the

No. of
No. of licenses/
Licenses Rank  Population million pop.  Rank

single year of data provided in Table 17 (n =

135 universities). However, most of the larger California 617 1 33,871,648 18 10
research universities are represented in both Massachusetts 231 3 6,349,097 36 2
Table 17 and Chart 3. Texas 214 4 20,851,820 10 20

) ) ) ) Maryland 171 6 5,296,486 32 4
As shown in Chart 3, Washington’s licensing -
count has jumped upward in the last few years, Washington 123 11 5,894,121 21 8
reaching third place among its peers as of Virginia 98 13 7,078,515 14 17
1998. Licensing in this state seems to have Michigan 78 17 9,938,444 8 26
hitla plateau of about 20 Iiceﬂses per million Georgia 76 18 8,186,453 9 23
residents. The reasons for this change are not Colorado 7 40 4.301,261 5 45
apparent, although a detailed analysis of the
licenses issued by institutions in Washington
could provide interesting insights. Maryland, Idaho 3 44 1,293,953 2 44
which has always ranked higher than Washington Oregon 24 25 3,421,399 7 27
on this metric, eclipsed Massachusetts in Source: Association of University Technology Managers
licensing in 1998 and has maintained the lead
position for the past three years. Maryland'’s
universities are currently issuing over a third more licenses
per million residents than Washington universities.
California has steadily increased its licensing level through
the last reported year, 2000.
California nearly reached the Chart 3. University Technology Licenses per Million Residents for Consistent Respondents
plateau Washington reached
in the past three years. The 35
remaining three states seem 30 /'”‘.\l
to be stuck at a low level of @ / —&—Maryland
licensing, about five licenses & 25 A —B—Massachusetts
per million residents. Texas E 20 | —&—Washington
and Idaho universities did not = —0— California
participate regularly in the - 15 /:I —&—Virginia
AUTM survey over this ten- g /\ J_‘___EAD’"‘D/ —&—0Oregon
year time period; hence, these § 10 - ——Georgia
two states are not included in - 5] —&— Colorado
the chart.

0 T T T : T T T T
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Source: Association of University Technology Managers
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Leading Scientists and Researchers
This section addresses our third and final question:

Is Washington State attracting and keeping leading science and
medical researchers and engineers?

In addition to strong investments and healthy technology
development and licensing programs, strong research
capacity needs a pool of talented researchers to generate
new ideas for research and development efforts. There is

no universally accepted, easily observable metric for this
critical factor. However, two available measures, one focused
on senior researchers and the second on younger scientists,
provide a glimpse into the world of talent and the size of the
pool of researchers in each state. Since senior researchers
are important factors in attracting talented younger
colleagues, these two measures influence each other. Ideally
these measures would be supplemented by output-oriented
measures, assessing the flow of patents, journal articles, and
other forms of innovation from the most talented individuals
in key research institutions. Such measures are not
available, however.

At the senior level, membership in one of the National
Academies is an indicator that one’s peers in a particular
field regard a scientist as one of the best in the nation. There
are three academies: the National Academy of Science,

the National Academy of Engineering, and the Institute of
Medicine. From the directories of each academy, the total
number of academy members residing in each state can

be obtained. Two qualifications must be noted in using

the sum of members of all three academies as a measure

of the strength of the talent pool in
each state. First, some scientists

a department where he/she used to work. Unfortunately,
there is no way to correct the counts for the movement of
retirees without an exhaustive investigation of each member’s
biography.

Table 18 demonstrates that Washington has a total of 147
national academy members, or 25.5 members per million
residents in the state. The leading state, Massachusetts,
has more than four times this level of national academy
membership on both an absolute and per-capita basis.
Maryland has nearly twice as many as Washington on a per-
capita basis. California has 60% more on a per-capita basis,
and since it is a very large state, it has nine times the actual
number of members that Washington has. These three states
each have a substantially larger pool of senior scientists and
engineers to draw on. These talent pools are to some degree
self-sustaining, since young faculty members are drawn

to strong programs with senior scientists who can serve as
mentors at the start of an academic career, making a strong
senior scientist pool especially important.

A second measure is available for young scientists who have
completed their Ph.D.s and have shown substantial progress
in research since leaving graduate school and embarking on
a research career. The Sloan Foundation has established

a fellowship program intended to enhance the careers of
the very best young faculty members in specified fields of
science. Currently a total of 112 fellowships are awarded
annually to young U.S. and Canadian scientists in seven
fields: chemistry, computational and evolutionary molecular
biology, computer science, economics, mathematics,
neuroscience, and physics. The Foundation’s award-making

Table 18. National Academy Members, 2002

and engineers belong to more than
one of these academies. Leaving in State: # Academy
this “double counting” reflects the Total - Population, Mem!Je.rs
combined strength of individuals NAS NAE IOM  Members 1,000s per Million Rank
elected to more than one academy; Massachusetts 286 204 192 682 6,175 110.4 1
eliminating the double counting Maryland 90 64 133 287 5,172 55.5 3
would reflect the head count of California 571 514 235 1320 33,145 398 4
academy members but not the overall -
Wash 44 147 7 25.

strength. In Table 18, the combined ashington 53 50 5,756 55 9
strength approach is used. Second, Colorado 31 38 15 84 4,056 20.7 12
some of these academy members are Virginia 13 67 26 106 6,873 15.4 17
retired, and they may have chosen to Michigan 29 60 41 130 9,864 13.2 21
retire in a state other than the one | g0, 5 48 141 43 232 20,044 11.6 26
where they did most of their scientific )

. Georgia 10 31 23 64 7,788 8.2 30
work. The current state of residence
gets some credit for scientific talent
that is not in active service, and Idaho 1 5 0 6 1,252 4.8 37
the state from which the retiree Oregon 16 13 9 38 3,316 11.5 27

moved may deserve some credit for
residual impacts of the retiree on

Sources: Directories of the National Academy of Science, National Academy of Engineering, and
Institute of Medicine; Census for population estimates



process is validated by an interesting statistic: 26 of its prior
Sloan awards went to young scientists who subsequently
earned Nobel prizes. Thus, the number of Sloan fellowships
awarded to scientists in each state provides a measure of the
strength of the younger talent pool in science to complement
the senior scientist measure discussed above.

Because the number of Sloan fellowships is rather small,
this measure is presented only in absolute terms, not per
capita (Table 19). Adding across the years shown in Table
19 provides a long-term measure of the ability of each state

Table 19. Sloan Fellowships by State

1999 2000 2001 2002 2003 Total
California 20 18 22 22 37 119
Massachusetts 13 17 12 19 15 76
Michigan 15 3 7 3 2 30
Texas 3 5 8 6 6 28
Maryland 14 1 4 3 1 23
Washington 2 3 4 5 2 16
Georgia 0 3 4 2 1 10
Virginia 3 4 0 1 2 10
Colorado 3 0 0 2 0 5
Idaho 0 0 0 0 0 0
Oregon 0 1 0 0 0
U.S. Total 127 102 107 100 110 546

Source: Sloan Foundation

to attract young academic “rising stars” whose research

has the potential to spawn many new products and whole
industries over time. Over the five years shown, California
residents received 7.4 times as many awards, more than the

Chart 4. Sloan Fellowships, 1990-2003

relative difference in population between these two states.
There were five times as many fellowships in Massachusetts
as in Washington, and nearly two times as many in Michigan.
Five peer states did better than Washington on this measure.
Furthermore, the majority of fellowships in Washington have
been awarded to young faculty in the Computer Science and
Engineering Department of the University of Washington.
While this finding indicates the strength of this particular
department, it also indicates uneven strength in regard to
other departments at this university and with respect to other
universities in the state.

Looking at the Sloan fellowships over a longer time period
(Chart 4) suggests that California and Massachusetts have
a long-time edge in the competition for young academic
talent. The remaining peer states are clumped together
with less than five fellowships per year. Clearly, the
number and quality of research universities in California
and Massachusetts give them a long-term competitive
advantage when it comes to attracting the talent necessary
to create new competitive advantages through technology
development.

Conclusion

Washington falls among the middle and lower half of its
peer state group on all of the research capacity measures.
The weakest area is state support for research. Non-
federal government funding for research at universities is
very low, 46th among the 50 states on a per-capita basis.
Furthermore, state funding for the two research universities
is declining relative to peer institutions, as shown in the
previous section on education trends. This funding pattern
may contribute to the modest level of achievement seen
relative to peer states in patenting, licensing, and attraction
of talented researchers. It is particularly worrisome as we
look to the future.
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Indicators of Technology-Based Economic Development

Entrepreneurial Climate

The question addressed in this section is:

Does the entrepreneurial climate in Washington support new-
company creation?

Sub-questions addressed in separate sections below include:
1. How many new companies, including high-tech
companies, are started in the state?

2. Is funding and investment available to start and
grow new companies?

3. Are workers with the right talents and training
available to start and sustain technology-based
businesses?

4. Does the environment support sustained growth
of startup businesses?

Entrepreneurs are essential to the technology development
process; technology-based development could easily

be renamed “founding companies on the basis of new
technologies.” Therefore, the number, size, and growth of
startup companies are significant indicators of a healthy
technology-based economy, along with the funding and

the technical work force needed to staff these companies.
Funding and work force constitute the input measures in this
section, while the indicators describing startup companies
are output indicators.

Creation of High-Tech Companies

The first group of indicators in this section relates to the
founding of new companies, a key aspect of technology-
based development. Table 20 shows the percentage of
all new business establishments falling within high-tech
industries. Note that a business establishment is defined as
a single physical location at which business is conducted.
Thus, a startup company with a single location and a new
branch plant of a large company such as Intel would each
count as one new business establishment. Washington is
ranked next-to-last among its peers on this measure, and
only slightly ahead of its neighbors. The leading state,

Tabhle 20. Percentage of Establishment Births in
High-Tech Industries, 1998

National Rank % of Births
Massachusetts 1 12.6
Maryland 3 11.1
Virginia 4 10.7
Colorado 7 10.5
California 11 9.3
Georgia 13 8.8
Texas 15 8.0
Washington 20 7.7
Michigan 23 6.8
Oregon 29 6.5
Idaho 43 5.0

Source: Milken Institute

Massachusetts, outperformed Washington by over 60%, with
5% more of its new businesses in high-tech industries in
1998.

High-technology companies may be more likely to start up
in states with a business culture that generally supports
entrepreneurial activities. Table 21 shows the total number
of establishment births per 100,000 state residents to
capture this effect. Washington ranked second among peer
states on this measure in 1999, about 23% lower than the
leading state, Colorado. Interestingly, both neighbor states
ranked higher on total startups per 100,000 residents than
did Washington, and seven of the peer states ranked lower
than Washington.




Chart 5 provides a historical perspective on this

Table 21. Establishment Births per 100,000 Residents, 1999

measure. Washington falls in second place Establishment
compared to peer states throughout the second Births per
half of the 1990s on establishment births Establishment  Population, 100,000 National
per 100,000 state residents. Colorado is the Births 1999 Residents Rank
leading state i.n the natlion, as well as almong Colorado 15,876 4,226,018 376 1
peer states, with one-sixth more establishment Washinet 17 875 5 842 564 306 11
births per 100,000 state residents. Both ashinston ! ! !
Oregon and ldaho have higher rankings than Massachusetts 18,092 6,317,345 286 14
Washington. Washington had a slightly lower Georgia 22,992 8,045,965 286 15
rate of establishment births than Oregon in California 87,202 33,499,204 260 23
1999, but is virtually tied with this ne|ghbor|ng Texas 52,255 20,558,220 254 5
state for all of the years shown. Interestingly, o
all three Northwest states are in the top quarter Virginia 17,295 7,000,174 247 30
of states nationally on this measure, and the Maryland 12,573 5,254,509 239 32
technological powerhouses on other measures, Michigan 21,072 9,897,116 213 45
such as California and Massachusetts, are
ranked significantly below the Northwest . Idaho 4.202 1,275,674 329 7
states. It may be that entrepreneurial talent is
quite specialized and does not translate into a Oregon 10,548 3,393,941 311 10
propensity to create technology companies, since ~ Source: U.S. Census
Washington does not do as well in terms of high-
tech startups as it does on the more general measure. This
is a very preliminary conclusion since the data for high-tech
startups is for 1998 and the all-industry establishment births
data are for 1999.
Chart 5. Establishment Births per 100,000 Residents
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Many young businesses fail within a few months or years

of startup, and thus a net measure of high-tech startups,
subtracting the failures in any one year from the new starts,
is a useful measure. In addition, many entrepreneurs say
that success in starting a company often comes after an
initial failure from which the entrepreneur learns and is
able to take a second or third company to a significant level
of success. For both of these reasons, counting the net
formation of high-tech companies, in effect counting both
the successes and the failures in a single measure, is an
important indicator.

However, counting failures is very difficult, due to problems
in distinguishing mergers and acquisitions from failures,
and complete closures from more temporary slowdowns or
cessations of business activity. Thus, this measure, while
of great interest, is probably subject to substantial, but
unknown, errors.

Table 22 demonstrates that Washington ranks in the

bottom third among its peers and 13th in the nation on net
formation of new high-tech companies. While it is more
highly ranked than neighboring states, Washington is nearly
40% lower than the leading peer state, Colorado. Colorado is
also the leading state on total business starts, and well ahead
of Washington on the percentage of total new establishments
in high-tech industries. Looking across all three measures,
Colorado is a very interesting state due to its success on

the net formation measure as well as the concentration of
starts in high-tech industries. Compared to New Jersey, the
leading state in the nation, Washington has only half the net

Table 22. Net Formation of High-Tech
Establishments per 10,000 Total Business
Establishments, 1998

Net New
Rank Companies
Colorado 4 48.3
Massachusetts 5 43.8
Maryland 7 38.9
Georgia 8 38.5
Virginia 10 37.8
California 12 31.6
Washington 13 29.5
Texas 14 29.2
Michigan 39 14.1
Idaho 20 23.4
Oregon 41 11.7
New Jersey 1 57.4

Source: Milken Institute

rate of formation of high-tech establishments, a very large
gap. Washington’s pattern of relatively weak performance
on net company formation, linked with findings reported
later in this section about the propensity to sustain rapidly
growing companies, provides a consistent pattern suggesting
that something is awry in the entrepreneurial process in
Washington. This point will be taken up again later in this
section.

Starting a significant number of very small companies is one
thing, while creating small to medium-sized companies is
quite another in terms of total impact on a state economy.
Table 23 shows the percentage of total employment in
companies that have been in existence less than five

years. Washington ranks fourth among its peers on this
measure, fifth nationally, and ahead of both neighboring
states. Compared to some of the other indicators, the spread
between Colorado, the leading peer state, and Washington

is not very large. However, it is one more indicator of
entrepreneurial success on which Colorado is the leader, with
Washington in the middle of the pack of peer states. The
leading state in the nation on this measure is Nevada, with
2% more of its total employment in young businesses than
Washington.

Table 23. Percentage of Employment in
Establishments in Business Less Than 5 Years

Percentage of
Rank Employment
Colorado 2 8.9
Georgia 3 8.3
Texas 4 8.1
Washington 5 7.9
California 6 7.8
Maryland 12 6.4
Virginia 13 6.3
Massachusetts 17 5.7
Michigan 22 5.2
Idaho 11 6.5
Oregon 14 6.2
Nevada 1 9.9

Source: Cognetics



Funding and Investment Availability
The next question addressed in this section is:

Is money available to start and grow new businesses?

Venture capital is an essential ingredient in most high-tech
startups. A company may be founded with the entrepreneur’s
personal resources; some startups also secure early “angel”
capital investments. Most high-tech companies with the goal
of growing into substantial enterprises seek investments from
venture capital funds to support expansion once the essential
product viability and business model have been established.
Thus, indicators of the extent of venture capital investment
in a state are very important.

The venture capital industry views the nation in terms of
regional markets, and so those are the numbers included
here. Virginia, Washington, D.C., and Maryland constitute
one regional market that is slightly larger than the Northwest
market, which embraces Oregon, Idaho, and several smaller
states as well as Washington. Viewed in this context, the
venture capital market in the Northwest is a second-tier
market in the United States. The leading data sources such
as PriceWaterhouseCooper's MoneyTree® often present
venture capital investment data in regional aggregations,
reflecting the way the industry thinks of regional investment
in the United States. Silicon Valley dominates all other
regions, receiving a third of all venture capital invested in
the United States in 2002 (Table 24). The New England
area, including the key state of Massachusetts, received just

under 13%. After these two leading regions, a second tier of
regional markets competes for the bulk of the venture capital
pool. The remaining regions shown in Table 24 received
2.6% to 7.6% of the venture capital pool invested in 2002.
The Northwest region, including Washington, received 3.7%
of the total. This region was next-to-last among the regions
containing peer states.

The long-run picture is not very different from the snapshot
provided of 2002 venture capital investments. As shown

in Chart 6, the Silicon Valley stands out ahead of every
other region throughout the period from 1995 to 2002, and
New England is in second place in every year. One region
with no peer states, the New York Metro area, runs close

to New England throughout this period of time. New York
did particularly well in the peak years 1999-2001. The
remaining regions are clustered at the bottom of the chart,
with the Northwest in the middle of this pack of second-tier
markets. While the smaller regions such as the Northwest
benefited from the boom in venture placements in the late
1990s, this region and many of its peers are not getting the

Tahle 24. Venture Capial Investments in Selected Regions, 2002

Peer and Investment Investment: Deals:
Neighbor States Amount in Percentage of Number Percentage of
Region in Region $1,000s U.S. Total of Deals U.S. Total

Silicon Valley California 7,081,112 33.5% 772 25.7%
New England Massachusetts 2,680,943 12.7% 405 13.5%
Southeast Georgia 1,605,011 7.6% 257 8.6%
Texas Texas 1,284,158 6.1% 170 5.7%
New York Metro 1,249,935 5.9% 230 7.7%
L.A./Orange County California 1,216,502 5.8% 142 4.7%
D.C. '\D/'_acri'i’/?é'mia 1,118,654 5.3% 197 6.6%
San Diego California 1,085,688 5.1% 113 3.8%
Midwest Michigan 874,112 4.1% 217 7.2%
Northwest Washington 775,728 3.7% 145 4.8%
Colorado Colorado 547,276 2.6% 78 2.6%
United States 21,133,380 3,002

Source: PriceWaterhouseCooper Money Tree

31



32

Chart 6. Venture Capital Investments in Selected Regions, 1995-2002
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level of attention and support enjoyed in the two leading
regions.

Talented Work Force

A technically trained work force is essential to the success
of technology-based development, and therefore the next
question addressed is:

Are workers with the right talents and training available to start
and sustain technology-hased businesses?

Table 25 shows the relative intensity of scientists and
engineers in the work force of each peer state. Washington
shines on this measure, with more scientists and engineers
per 100,000 total workers than any other state. This
ranking places Washington slightly ahead of California,
Massachusetts, and Maryland, and well ahead of the
remaining states shown in Table 25. Washington’s high
ranking on this measure reflects the strong science/
engineering work force in two very large companies, Boeing
and Microsoft. It would be interesting to compare states
with such large Fortune 500-type companies removed from
the data to see how strong smaller companies are in terms
of scientific and engineering staff. However, suitable data
to estimate the intensity among smaller companies are not
available.

Table 25. Intensity of Selected Scientists and
Engineers per 100,000 Workers, 2000

Number of

Scientists &

Rank Engineers
Washington 1 755.25
California 3 722.68
Massachusetts 4 722.55
Maryland 5 715.66
Virginia 6 674.57
Texas 8 627.64
Colorado 9 627.08
Michigan 10 539.00
Georgia 26 382.22
Idaho 19 422.68
Oregon 22 410.20

Source: Computed from Milken Institute data



Drilling down by type of technical worker provides additional
insight as to the relative strength of the peer states. Table
26 shows the intensity of computer and information

science experts in the work force, and Table 27 shows the
intensity of life and physical scientists. The computer-
related experts are important to software and Internet-based
companies as well as a wide variety of other companies

with substantial information processing operations. The life
and physical scientists are critical to biotech, biomedical
product, computer and instrument manufacturing, and
other types of companies. In the intensity of computer and
information science experts in its work force, Washington
ranks fourth among its peers and fourth nationally, and

well ahead of neighbor states. The leading state, Colorado,
has 28% more computer and information science experts
on a per-worker basis. With respect to life and physical
scientists, Washington also ranks fourth among its peers and
ninth in the nation, but well ahead of neighboring states.
Massachusetts is the leading state on this indicator with 2.9
times as many life and physical scientists in its work force on
a proportional basis.

How Educated is the Work Force?

Since technology is changing so rapidly, it is important

to have a highly educated work force, but also one with a
relatively high proportion of recent graduates in science
and engineering fields who are in touch with the latest
developments in their fields. Educating a state’s residents
in science and technology disciplines is one way to create
a suitable work force for technology companies. The other
route is to attract workers from other states, as Boeing,
Microsoft, and many other companies and research

Table 26. Number of Computer and Information
Science Experts per 100,000 Workers, 2000

Number of
Computer/I.S.
Rank Experts

Colorado 1 3,349.51
Virginia 2 3,094.80
Massachusetts 3 3,084.07
Washington 4 2,611.23
Maryland 5 2,426.45
California 6 2,370.16
Texas 12 2,017.06
Georgia 13 1,997.13
Michigan 26 1,413.12
Idaho 35 1,081.27
Oregon 19 1,703.76

Source: Milken Institute

institutions have done. The combination of both strategies
results in a work force with a certain level of educational
attainment that is of interest to the technology industries.
The Milken Institute has compiled data on the number of
residents in each state who earned a science or engineering
degree between 1990 and 1998 from the national data
available from the National Center on Education Statistics.
These degree counts at each level of university education
are normalized by dividing the number of degrees awarded
by the 1999 work force count for each state. The resulting
estimates are presented in Table 28.

A bit over 2% of Washington’s work force had earned a
recent degree in science or engineering as of 1999. This
level of educational attainment was the fifth-highest in the
nation, and only about 0.8% less than in Massachusetts, the
leading state. Washington’s work force had a substantially
higher percentage of bachelor’s-level engineers and scientists
than our neighboring states, and a smaller but appreciable
lead over all peers except Massachusetts and Colorado.

Less than 0.5% of Washington’s work force had earned a
recent master’s degree in a science or engineering field as of
1999. This level of educational attainment was the sixth-
highest in the nation and fell behind four of its peers. It
substantially exceeded the level in neighboring states. The
leading state, Massachusetts, had almost one-third more
recent master’s degree holders in science and engineering
fields on a proportional basis.

Just 0.15% of Washington’s work force had earned a recent
Ph.D. in a science or engineering field as of 1999. This
level of educational attainment was the 13th highest in

Table 27. Number of Life and Physical Scientists
per 100,000 Workers, 2000

Number of

Rank Scientists
Massachusetts 1 138.39
Maryland 2 11591
California 4 76.89
Washington 9 47.95
Virginia 11 42.54
Colorado 13 30.04
Texas 15 28.21
Michigan 18 25.18
Georgia 21 22.58
Idaho 33 13.11
Oregon 23 20.60

Source: Milken Institute
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Tahle 28. Recent Degrees in Science and Engineering

(Percentage of Civilian Work Force, 1999)

% Bachelor’s

Rank Degrees

Massachusetts 1 2.96%
Colorado 3 2.42%
Washington 5 2.10%
Maryland 15 1.63%
California 16 1.56%
Michigan 18 1.46%
Virginia 19 1.43%
Texas 23 1.31%
Georgia 25 1.29%
Oregon 14 1.65%
Idaho 46 0.69%

% Master’s

Rank Degrees

Massachusetts 1 0.58%
Maryland 2 0.53%
Colorado 3 0.51%
Virginia 3 0.51%
Washington 6 0.44%
California 7 0.41%
Michigan 16 0.32%
Georgia 18 0.31%
Texas 20 0.30%
Oregon 18 0.31%
Idaho 30 0.26%
% Ph.D.

Rank Degrees

Massachusetts 1 0.34%
Maryland 3 0.28%
California 6 0.18%
Colorado 6 0.18%
Washington 13 0.15%
Virginia 21 0.13%
Michigan 22 0.12%
Georgia 25 0.11%
Texas 25 0.11%
Oregon 15 0.14%
Idaho 22 0.12%

Source: Milken Institute

the nation, and fell behind four of its peers. It just slightly
exceeded the level in neighboring states. The leading state,
Massachusetts, had more than twice the percentage of
workers with a recent doctorate in science or engineering.
Massachusetts’s advantage as the home of two of the leading
private universities in the nation, and a large collection of
public and private universities, is apparent in that it seems
to retain a significant number of its graduates in science and
engineering fields.

In Washington, the proportion of workers with a recent
science or engineering degree falls as the educational
attainment level rises. Washington’s work force excels at the
bachelor’s level, but is not as strong when compared to peer
states at the graduate degree levels.

It is important to note that Washington’s high ranking for
workers with a bachelor’s degree is not commensurate with
its degree-granting performance (32nd in the nation for all
bachelor’s degrees and 34th for science and engineering
degrees). Comparing these two sets of indicators suggests
that the good jobs being created by technology companies
in Washington are disproportionately going to people who
grew up in other states. Large companies, which recruit
staff nationally, may be part of the reason for this pattern,
but talented people are very mobile and they go where the
opportunities are located. Washington is failing to provide
an equal shot at these opportunities to its own residents

by failing to adequately support its key higher education
institutions. Moreover, this state is risking its own emerging
economic base because entrepreneurs, technology company
managers, and venture capitalists are smart enough to
know where the talent is being created, and they may steer
technology-based development in the direction of the talent
if current patterns are sustained in the future.

Sustaining Young Companies
The final question addressed in this section is:

Does the environment support sustained growth of startup
bhusinesses?

The ideal methodology for answering this question would
be to follow the class of startups from a particular year for
several years to see if they survive and how rapidly they
grow. Longitudinal data sets for this purpose are being
compiled at the Census Bureau, but are not yet widely
available, nor have they been compiled for sufficient years
to provide illuminating trends. Cognetics, a consulting firm
in Cambridge, Massachusetts, has addressed this issue to a
limited degree by using data complied by Dun & Bradstreet
for credit checks on businesses. Cognetics has popularized
the concept of “gazelle” firms, companies whose revenues
have grown 20% or more per year for at least four years.



Cognetics’ founder, David Birch, has conducted research
showing that gazelle firms were responsible for creating
over 5 million jobs from 1990 to 1994, even though
these companies constituted only 3% of U.S. business
establishments.®

Table 29 shows the percentage of state employment in
gazelle firms with less than 1,000 workers. Gazelles with
less than 1,000 employees was chosen as the metric to
remove the influence of two very large firms in Washington
that may have qualified as gazelles in this time period
(Boeing and Microsoft). This does not restrict the metric to
the universe of startup firms, but at least moves it in that
direction. Washington ranks in the bottom third among

its peers and 12th nationally on this indicator. California
is the top-ranked state, with 1.5% more employment in
smaller gazelle firms. Washington ranks ahead of Idaho

on this measure, but behind Oregon. In general, the
disparity among states on this indicator is not very great, but
Washington’s low ranking is of concern.

Another way of addressing the question of the environment
for sustaining startups is to look at the number of rapidly
growing firms in each state, based on the Inc. Magazine
“Inc. 500" list of the most rapidly growing firms in the
country. Washington had 10 or fewer Inc. 500 companies in
the three years shown in Table 30. This number is less than
any of its peer states, but similar to its southern neighbor,
Oregon. Using the Milken Institute’s metric of the number of
Inc. 500 firms per 10,000 business establishments in each

Table 29. Percentage of Total Employment in Gazelle

Firms With Less Than 1,000 Employees, 2001

Rank % of Jobs
California 1 7.8%
Massachusetts 5 7.1%
Maryland 6 7.0%
Colorado 7 6.9%
Texas 11 6.4%
Michigan 11 6.4%
Washington 12 6.3%
Virginia 14 6.1%
Georgia 17 5.7%
Idaho 16 5.8%
Oregon 9 6.6%

Source: Cognetics

state, Washington ranks last among its peer states, and 36th
in the nation (Table 30). While the ranking of individual
states varies from year to year, Washington ranks well behind
the two leading states, Virginia and Massachusetts, on both
absolute and proportional versions of this measure.

Putting together the indicators for gazelle companies and
Inc. 500 companies suggests that Washington is not doing
a good job of sustaining rapidly growing small businesses.

Table 30. Number of /nc. 500 Firms per 10,000 Business Establishments

No. /nc. 500 No. per 10,000 No. /nc. 500 No. per 10,000 No. /nc. 500 No. per 10,000
Companies, Establishments, Companies, Establishments, Companies, Establishments, Rank,
1996 1996 1998 1998 2000 2000 2000

Virginia 16 1.4 1 0.1 31 1.8 1
Massachusetts 33 2.0 31 1.8 26 1.5 3
Georgia 17 0.9 17 0.9 26 1.3 5
Colorado 12 1.0 13 1.0 17 1.2 6
Maryland 18 1.5 16 1.3 12 0.9 7
California 82 1.1 83 1.1 69 0.9 10
Texas 24 0.9 44 1.0 39 0.8 12
Michigan 0.3 14 0.6 14 0.6 22
Washington 7 1.0 10 0.6 7 0.4 36
Idaho 0.3 0.0 1 0.3 42
Oregon 8 0.8 7 0.7 7 0.7 18

Source: Inc. magazine and U.S. Department of Labor

9Case, John. “The Age of the Gazelle.” Inc. Magazine, May 15, 1996
(http://www.inc.com/magazine/19960515/2084.html).
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This state does not do well on either the gazelle or Inc. 500
indicator, particularly as compared to its record in starting
businesses. As noted earlier, Washington also does poorly on
the net formation of high-tech establishments. Part of the
problem with the net formation measure is that failures are
hard to detect reliably. However, neither of the sustaining
measures suffers from this problem, and all three indicators
suggest that Washington is having a hard time maintaining
the viability of its promising technology startups. This may
be a key area for further research to find out why firms are
not succeeding beyond their startup phase.

Conclusions

The entrepreneurial climate indicators paint a mixed picture.
Washington falls in the bottom third of peer states on the
number of high-tech establishments created in the state,
and the net formation of high-tech establishments, netting
out the failures. However, overall, the rate of new-company
formation is quite high. Washington has been able to attract
significant venture capital but remains a second-tier regional
market as compared to California and Massachusetts.
Washington also falls in the middle of the pack of peer states
on indicators measuring employment in young firms, in the
bottom half on smaller gazelle firms, and last among the
peer states on the number of /nc. 500 firms. This mystery
of poor performance in terms of creating rapidly growing
young companies needs to be resolved before coming to final
conclusions about entrepreneurial climate.

The state of Washington has a talented work force, with

a high intensity of scientists and engineers. However,
putting the data on work-force characteristics together

with the higher education graduation rates suggests that
Washington is importing much of its work force for the
technology industries. Larger companies often can afford
this, but smaller companies cannot. This size effect may
disadvantage startup companies. In addition, opportunities
for good jobs in technology fields are being denied to the
state’s own work force entrants.



BENCHMARKING WASHINGTON’S PERFORMANCE

Appendix: Defining High-Tech Industries

High-tech industries are defined in this report as those three-
digit level sectors from the Standard Industrial Classification
(SIC) that have at least 7% of their employees in scientific
and engineering occupations. Industries meeting this
criterion, based on the Washington Employment Security
Department’s most recent occupational surveys, are listed in
the table on the next page.

The industry titles in the table starting on the next page

are from the SIC, 1987 edition. Industries evolve and

new industries emerge over time. The latest definitions

in the SIC system include industry categories that may
seem out of date, such as “Telegraph and other Message
Communications.” Beginning in 2001, the Bureau of
Labor Statistics and cooperating state agencies such as
Washington’s Employment Security Department are replacing
the SIC system with a newer typology, the North American
Industry Classification System (NAICS). In the NAICS
typology, telegraph companies are no longer included, but
the “Other Message Communications” group evolves into

a category that includes Internet service providers. Since
the data sources used in the report are based on the SIC
system, the industry titles used in that system that meet the
occupational criterion for high-tech are listed on the next
page. This is a somewhat broader list than that used by the
Milken Institute. Its definition includes data on research
and development spending, resulting in a narrower list of
technology industries. As noted in the text, the Technology
Alliance and the Washington Technology Center have agreed
on a common definition, providing this state with additional
information about technology industries and technology-
based development based on comparable definitions. The
WTC's report contains extensive data on the size and

growth of technology industries statewide and in several
metropolitan regions within the state.!?

10Washington Technology Center. Index of Innovation and Technology — Washington
State 2003. Seattle, forthcoming, 2003, see http://www.watechcenter.org/



38

SIC Industry Title Employment
2000
281 | Industrial Inorganic Chemicals 1,610
282 | Plastics Materials and Synthetic Resins 107
283 | Drugs 2,228
286 | Industrial Organic Chemicals 267
287 | Agricultural Chemicals 483
289 | Miscellaneous Chemical Products 466
291 | Petroleum Refining 1,799
351 | Engines and Turbines 125
353 | Construction, Mining, and Minerals Handling Machinery and Equipment 4,121
354 | Metalworking Machinery and Equipment 1,844
355 | Special Industry Machinery, Except Metalworking Machinery 3,875
357 | Computer and Office Equipment 6,352
361 | Electric Transmission and Distribution Equipment 279
362 | Electrical Industrial Apparatus 2,126
363 | Household Appliances 760
364 | Electric Lighting and Wiring Equipment 1,077
365 | Household Audio and Video Equipment, and Audio Recordings 1,740
366 | Communications Equipment 3,849
367 | Electronic Components and Accessories 9,621
369 | Miscellaneous Electrical Machinery, Equipment, and Supplies 427
371 | Motor Vehicles and Motor Vehicle Equipment 5,369
372 | Aircraft and Parts 86,152
375 | Motorcycles, Bicycles, and Parts 415
376 | Guided Missiles and Space Vehicles and Parts 0
381 | Search, Detection, Navigation, Guidance, Aeronautical and Nautical Systems, 2,692
Instruments and Equipment
382 | Laboratory Apparatus and Analytical, Optical, Measuring, and Controlling Equipment 5,461
384 | Surgical, Medical, and Dental Instruments and Supplies 6,015
385 | Ophthalmic Goods 275
386 | Photographic Equipment and Supplies 0
481 | Telephone Communications 27,640
482 | Telegraph and Other Message Communications 50
484 | Cable and Other Pay Television Services 4,569
489 | Communications Services, Not Elsewhere Classified 241
504 | Professional and Commercial Equipment and Supplies 19,916
737 | Computer Programming, Data Processing, and Other Computer Related Services 67,368
807 | Medical and Dental Laboratories 4,750
871 | Engineering, Architectural, and Surveying Services 24,778
873 | Research, Development, and Testing Services 16,753
874 | Management and Public Relations Services 13,621
Subtotal, All High-Tech Industries 329,221
Total, All Washington Industries 2,706,462

Source: Washington Employment Security Department




