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1. INTRODUCTION



1.1 Study Description

This report presents the results of a study of dlubal Networking and Information
Technology (NIT) workforce undertaken for the Netkinog and Information
Technology Research and Development (NITRD) Progreine objective of the study
was to review existing data and literature andrusv experts to analyze NIT workforce
issues facing the United States and its likely glatbmpetitors over the next decade.
This chapter provides some background regardingsthdy and defines key terms and
concepts. The following chapters address specificwbrkforce issues.

1.2 Study Background

In 2007, the President’s Council of Advisors oneBce and Technology (PCAST)
published a report reviewing the Federal Networkimgd Information Technology
Research and Development (NITRD) Programihe second chapter of this report
examines NIT workforce issues and presents a nuoflfgrdings related to:

* Demand: “Over the coming decade, US demand forar&ing and information
technology professionals, with the exception of sgeadily outsourced or
technologically outdated jobs, is likely to grow maeapidly than for most other
employment categories. The new job openings areat&g to offer higher than-
average salaries and benefts.”

» Supply: “Although the overall supply of networkiagd information technology
specialists is expected to grow in response t@tbeith in total demand, at
current rates of enrollment and graduation, shisstia the numbers of highly
gualified computer scientists and engineers gradlat the undergraduate and
doctoral levels are likely. Women and other undaesented groups will
constitute a declining proportion of the new grade&®

 Curriculum: “Networking and information technologyrricula in general, and
computer science curricula specifically, do notcageely meet employer and
student needs:”

Based on these findings, the PCAST present a nuaflsecommendations. This
includes a call for a study of the NIT workforce:

To provide a solid basis for subsequent actionNFldRD Subcommittee should
charge the NITRD National Coordination Office tovamission one or more fast-
track studies on the current state of and futugeirements for networking and
information technology undergraduate and gradudeagion.

1 PCAST (2007)

2PCAST (2007), p. 19
3 PCAST (2007), p. 21
* PCAST (2007), p. 22



Drawing upon the knowledge of leaders from acadepressional societies,
industry, and government, the project should addres

* The expected supply of and demand for NIT professils over the
coming decade, with a focus on women and other
underrepresented groups

* The current state of and future requirements foricua in NIT fields,
with special attention to computer science andhéointegration of
computer science with fields that apply computézrsme

* Public and student perceptions of NIT fields anatarhight be done
to improve those perceptions

« Comparisons with other nations

The NCO for NITRD commissioned this study to addrié first and last bullet points in
this list.

1.3 Study Topics

In response to the PCAST recommendation above NtB® for NITRD outlined a
statement of work that included two tasks and abemof questions to be addressed
under each task. The first task included questatrmit the NIT workforce in the United
States. The second task included many of the samstigns regarding comparisons with
other nations. We organized these questions igeitht study topics below.

Table 1.1: Study Topics and Questions

1. Expected Demand for NIT Professionals

What is the expected demand for NIT professioneds the next decade? (by occupational field,
citizenship status, and industry/sector)

What are the trends in US and global NIT workfdeeels and future demand that are attributable to
globalization and outsourcing?

2. Supply of NIT Students and Faculty

What are the trends in the numbers of studentdTheducation programs at all levels of educatidd3 (
citizens in US programs; foreign nationals in USguams; foreign nationals in home country programs;
US citizens in foreign programs)

What are trends in NIT teachers and faculty aleaktls of education? (pre-college: elementary, teidd
high school, undergraduate; graduate)

3. Pathways to NIT Careers

Where in the educational system or culture do stisdigegin to learn about or take an interest in™NIT

Where do students lose interest in NIT?

® PCAST (2007), p. 23



What claims have been made about the prevailingpreawhy students lose interest in NIT? What models
exist that claim to address these reasons?

Are there data about the impact of teachers andyfa® role models in NIT education and career cbgi
of students?

4. NIT Career Choice Trends and Pathways

What are the trends in NIT degree recipients thasye traditional NIT careers, non-traditional NIT
careers, and careers not focused on NIT?

What are the pathways for individuals moving froamfcomputing disciplines to transition into the
computing professions?

5. Trends in US NIT Education and Workforce Needs #&ributable to the Expansion of NIT in Other
Science and Engineering Disciplines

What are the trends in NIT education and workfareeds attributable to the expansion of NIT in other
science disciplines such as biology, chemistry spfsy mathematics, and medicine?

6. Initiatives to Encourage Interest and Engagemerin NIT Careers

What is being done to help encourage interest agdgement in traditional and non-traditional NIT
education and career paths? (all levels of govemnpeivate industry, professional societies, acaide
institutions)

What are the recommendations from technical contarg, professional societies, study groups, reports
from the computer gaming industry, etc., for futafforts to encourage interest, promote retentma,
reduce attrition in traditional and non-traditioMdIT education and career paths?

7. Trends in Programs that Facilitate NIT Career Transitions

What are the trends (including funding) in prograhat facilitate students’ transitions at each stefeir
educational and professional lives? (scholarsfigiiewships, internships, job shadowing, co-ops)

8. NIT Best Practices in Attracting and Retaining udents and Professionals

What are examples of NIT programs and best practoecessful in attracting and retaining studemds a
professionals?

What are examples of programs in other disciplthas have been successful in attracting and reigini
students and professionals?

This report addresses each of these topics in tiragters focusing separately on the US
workforce, underrepresented groups, and internalticomparisons.

1.4 Country Selection

We selected seven countries/regions in additidhedJnited States to be included in this
study. The selected countries/regions are:

« European Union
e Japan

« South Korea
 Singapore

e Taiwan



* China
* |India

These countries were identified in the 2007 PCA&Jort as current and emerging NIT
competitors to the United States. The European fJjnlapan, South Korea, and China
were chosen because they are in the top twentyhén world in GDP® R&D
expenditured,number of triadic patenfsand Science and Engineering (S&E) Indicators
of Technological CompetitiveneSsThese countries/regions have both the economic
strength and science and technology infrastrudinreompete with the United Statés.
Taiwan and Singapore were selected because theytdapge numbers of NIT goods
and are in the top twenty of S&E Indicators of Tmamlogical Competitiveness.
Additionally, these countries are seeking to imgrtiveir innovation in the NIT industry.
India was chosen because it is largely focusecher\iT service sector and it benefits
significantly from the outsourcing of NIT servickem the United States. While it is not
currently a strong competitor in NIT innovationdia is seeking to capitalize on its
experience and workforce to move up the NIT inniovachain. Because of its large
population, relatively strong education system, IBhglanguage capabilities, and
emerging NIT industry, India clearly is a majortfacin the global NIT workforce. While
these seven countries were the focus of this stedgmples from other countries are
presented in this report when they are relevant.

1.5 Methodology

This study researched the topic areas and courdlese using three different but
intertwined approaches. First, we conducted annsite literature review on each of the
topic areas in each of the countries of interestis Titerature search examined the
academic literature, government and industry repamd the international press among
other sources. At the same time, we collected agledata from various databases such
as the Bureau of Labor Statistics (BLS), the Intéiomal Labor Organization (ILO), and
the National Science Foundation (NSF). Lastly, weaducted over twenty interviews
with experts from academia, industry, and goverrtneen NIT workforce issues. The
interviews were designed to explore the issuestiiish in the literature in more depth
and included discussions of future trends often cantained in the literature. We
interviewed at least one individual from each of ttountries/regions examined in this
study.

1.6 Defining NIT

Networking and information technology (NIT) can tefined in many ways. For this
study, we use the broad definition provided in26087 PCAST report:

® International Monetary Fund World Economic Outldd&tabase 2008
" OECD Factbook 2008: Economic, Environmental, and& Statistics
8 OECD Factbook 2008: Economic, Environmental, and&@ Statistics
® NSF Science and Engineering Indicators 2006

9 OECD Factbook 2008: Economic, Environmental, andi@ Statistics

-5-



“Networking and Information Technology comprises firocessing and
communication of data and information and the haréwsoftware, and systems
that perform those functions”

The term NIT is not commonly used outside of th&RID program. This is especially
true outside of the United States. Therefore, indemting this study, we had to be
inclusive of a variety of terms that have similaranings including information
technology (IT) and information and communicatie&shnology (ICT/Infocomm). IT is
the most commonly used term in the United Stateb ianoften assumed to include
networking without an explicit mention. ICT is tih@ost common term used outside of
the United States. There is often some debate abloether communications fall under
the term IT. However, given that the definition BT from the PCAST report
specifically includes communication, we assume tit is equivalent to ICT and IT.
These differences in definitions are importanteekin mind when comparing data from
international and domestic sources. We try to bpli@k in this report about the
definitions used in each case.

1.7 Defining the NIT Workforce

The NIT workforce is also a term that can be defimemany ways. Many studies have
tried to define a NIT worker but most are nearlyegzade old and lack consistent@ne
of the key distinctions regarding the NIT workforte between IT workers and IT-
enabled (ITE) workers. The term IT workforce isenftused to refer to both IT and ITE
workers. In this study, we focus only on IT workefge best distinction between the IT
and ITE workforce was made in a 1999 report by fae and Aspra¥,as shown in
Figure 1.1.

Figure 1.1: Distinguishing IT Workers from IT-Enabl ed Workers

IT-Enabled Workers
CFO \ clo

g | Merketing VP Broduct .
k5 Developer IT Workers
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E Project

_oiffi Manager
> ;TS_ack oﬁ‘;_ce . Software
7 | [rensaction Engineer
S | Processing
b=l
=
% System
g Call Center Administrator
=
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& | Bank Programmer

Teller
Call 0s
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Information Technology Knowledge

Source: Based on Freeman and Aspray (1999)

1 PCAST (2007)
12 Us Department of Commerce (1997), ITAA (1997),éfnan and Aspray (1999), NRC (2001)
13 Freeman and Aspray (1999)
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This framework distinguishes IT workers from ITEnkers on two dimensions: business
and industry knowledge and information technologgwledge. IT workers are defined
by their greater core knowledge in information temlbgy while ITE workers are defined
by their greater core knowledge in business andustmg. Under this definition,
application developers and systems administraters@sidered IT workers, while those
that use IT platforms, such as marketing VPs andymst developers, are considered ITE
workers. This distinction is especially importanternationally as many countries lump
IT and ITE workers together, thereby including coomty offshored functions such as
call centers and back-office operations in the Brkforce.

It is also important to define the skill level dfet NIT workforce. A report on the IT
workforce published by the National Research CdyNRC) in 2001 defined two types
of NIT workers: category 1 and 2.Category 1 IT workers were defined as those
“involved in the development, creation, specifioatidesign, and testing of an IT artifact,
or the development of system-wide applications ewises,” who “relies heavily on
conceptual ability and theoretical knowledge.” Exdaes of category 1 workers include
computer scientists, systems analysts, and progemsinThese occupations typically
require at least a bachelor’'s degree. Category ikexsi “work primarily involves the
application, adaptation, configuration, support, implementation of IT products or
services designed or developed by others.” Exangfleategory 2 workers include help
desk specialists, network administrators, and @as@administrators. These occupations
typically require a high school diploma, certificat, or an associate’s degree. Many of
the issues facing the category 1 and 2 NIT worldaace the same, but there are also
important differences such as certification andrtile of community colleges. The focus
of this study is on the category 1 NIT workforce.

1.8 Literature Overview

The literature relating to the NIT workforce in thimited States clusters around the year
2000. Between 1997 and 2001, numerous reports eggpabhout the IT workforce in the
United States, but very little has been writtercsithen” The NRC published two recent
reports that contain relevant information but dodicectly address NIT workforce issues.
Figure 1.2 shows a timeline of significant NIT wfwice publications in the United
States. This figure also includes a timeline of keykforce data available. Much of
these data are continually compiled by the BLS, N&kd the National Center for
Education Statistics (NCES). The Information Tedbgy Association of America
(ITAA) conducted an industry survey of the NIT whokce survey for a few years but
this ended in 2004.

“NRC (2001), p. 47
5 The timing of the IT workforce studies coincideihathe late 1990s IT industry boom when many were
concerned with the adequacy of the supply of ITfgssionals.
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Figure 1.2: Literature Timeline Overview

NRC (2009):
. GAO (1998): Assessing the
NRC (1993): Officeof  Assessment of  Office of Impacts of
Computing Technology theDOC  Technology CRS (2001): An Changes in the
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Changing America’s Workforce  (1999): The  Technology Technology
Needs for the New Deficit:  pemand and Digital Labor R&D
1990s IT Workers Supply Workforce Shortage? Ecosystem
B 2000 2009
ITAA (1997): Help  Freeman and NRC (2001): NRC (2008): The
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the Dawn of a Information Information
New Century Technology Economy
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United States
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ITAA Annual IT Workforce Survey

Bureau of Labor Statistics, National Center for Education Statistics, National Science Foundation, ...

While this summary of the literature depicts onarge reports addressing the NIT

workforce, there have been numerous academic pap#s articles, and broader reports
that address issues related to the NIT workforce.NAvve used these sources to provide
as up-to-date a picture as possible of the cuNé&htworkforce.

1.9 Relationship to Science and Engineering Workfor  ce

Many of the issues facing the NIT workforce alscefahe broader S&E workforce.
These include K-12 math and science education,ruetesented groups, and the career
choices of undergraduates. There has been a s@mifamount of work done studying
the S&E workforce, often producing conflicting résu Many of these reports have
called for action to increase the supply and gualitS&E workers in the United Stat&s.
Others interpreted the data differently and conetuthat such calls for action may be
unfounded’

Our examination of the NIT workforce shows thasteame type of conflicting evidence
is present. While the data we present are frombkdisources, they may be interpreted in
many ways. Expert opinions also vary widely anddtem be highly correlated with the
position of the expert (industry, academia, et€his study does not attempt to re-
examine the broader S&E workforce issues. Whereetha@e similarities to NIT
workforce issues, we mention them to provide tlaelee with a sense of the relationships
between these two closely intertwined issues.

8 NSB (2003), Jackson (2003), Council on Competitags (2004), PCAST (2004), ITAA (2005), NRC
(2007), Ezell and Atkinson (2008)
" Galama and Hosek (2008), Lowell and Salzman (2007)
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2. NIT WORKFORCE IN THE UNITED STATES



The NIT workforce is a complex system that can bénéd and categorized in many
different ways. This chapter uses the definitiomvited in the previous chapter to
describe NIT workforce trends in the United Statesovers the expected demand for
NIT professionals, the supply of NIT students aadufty, the dynamics of the labor
market, access to foreign talent, and efforts togase participation in NIT careers.

2.1 Expected Demand for NIT Professionals

This section addresses the expected demand fophifEssionals over the next decade.
We begin by describing the size and characteristidhe NIT workforce in the United
States and then show how it may change over thedeeade.

2.1.1 Size of the NIT Workforce

There are three sources of information for estingathe size of the NIT workforce. Two
are compiled by the BLS and a third by the NSF. Tite# and most commonly used
source is the Current Population Survey (CPS) shaveys households about their
employment. The second is the Occupational Employnseirvey (OES) that surveys
establishments about their employees. The thirdcsois the NSF's Scientists and
Engineers Statistical Data System (SESTAT) thatpite®s data from a variety of surveys
to estimate the size of the workforce in variousupations. The CPS is used most often
because it is based on a single survey and incindesduals who are self-employed and
not captured by surveying establishments. Thisi@eqgiresents estimates from each
source. Each of these sources classifies occugatamtording to job titles. This
methodology is not the same as defining workersth®/ type of work they do as
discussed in the 1999 Freeman and Aspray reportithist the only form in which
employment data are publicly available in the Uhi&ates? It is important to note that
BLS job classifications are typically based on guations that existed five to ten years
ago and thus do not adequately reflect the cuoectipations in fast moving fields such
as NIT»?

2.1.1.1 Current Population Survey (CPS)

Based on data from the CPS, the size of the catehddIT workforce in the United
States as of 2007 was about 3.5 million workergurfd 2.1 shows the size of the
category 1 NIT workforce from 1983 through 2007Kao down by occupation. Between
1983 and 2000, the category 1 NIT workforce grewamtaverage annual rate of six
percent per year. The workforce shrank in size betw2001 and 2004 after which it
rebounded and grew at an average annual rate op&aent between 2005 and 2007.

18 Freeman and Aspray (1999)
19 Expert interview
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Figure 2.1: Size of the Category 1 NIT Labor Forcé&stimated from CPS in Thousands (1983-2007)
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To estimate the size of the NIT workforce, we seléadhe occupations from the CPS
data that most closely matched the definition od#egory 1 NIT worker discussed in the
previous chapter. We had to define the categoryTL wbrkforce differently for 1983-
2002 and 2003-2007 because the Standard Occugalthssification (SOC) used by the
federal government changed in 2003. The 2001 NRGrt@n the IT workforce defined
the category 1 IT workforce to include the SOC qations:

» computer systems analysts and scientists,
e computer programmers,

« electrical and electronics engineers, and

» computer science teachers.

We used these same occupations to define the catdgdlIT workforce from 1983
through 2002° In 2003, the category previously titled computgstems analysts and
scientists separated into five occupations: compsystems analysts and scientists,
computer software engineers, computer hardwareneags, network systems and data
communications analysts, and computer and infoonasystems managers. Computer
science teachers were no longer considered asasaseccupation after 2003. Table 2.1
shows the occupations we included in our estimatbeocategory 1 NIT workforce for
1999 through 2007 and the number of workers in eaclipation.

% See the Department of Labor (DOL)'s O*NET webdite detailed descriptions of the tasks, tools,
knowledge, skills, abilities, work activities, wodontexts, interests, work styles, and values fache
occupation. littp://online.onetcenter.oyg
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Table 2.1: Size of the Category 1 NIT Workforce byDccupation Estimated from CPS in Thousands

Occupation

199¢

200(

(1999-2007)

2001

2007

200z

2004

2008

Computer systems analysts and scientists 1549 1,82p 1,835 1,742 722 00 745 71" 82p
Computer programmers 665 710 667 605 563 564 581 562 52p
Electrical and electronics engineers D %
Computer science teachers |

Computer software engineers %
Network systems ardata communications analy p B
Computer and information systems managers 3471 337 351 401 46[
Computer hardware engineers 99 96 81 8( 79
Sum of category 1 NIT workers 2,870 3,300 3,274 3,049 3,211 3,16 3,264 3,344 3,534
Category 1 NIT workers growth rate 5% 159 -1% -7% 5%6 -1% 3% 29 6%

Source: Current Population Survey

The bottom row of Table 2.1 shows the annual groratle in each year for the NIT
workforce. There is substantial variation in growdkes, ranging from 15 percent growth
in 2000 to declines in 2001, 2002, and 2004. Tloevtr in 2003 is likely due a change in
occupational definitions -- the inclusion of workepreviously classified in other
occupations -- rather than a real increase initeeaf the NIT workforce. The changes in
the size of the NIT labor force are consistent witl timing of the dot-com boom and

bust.

Including a few category 2 occupations (computeppsut specialists, database
administrators, and network and computer systemsrastrators) in the NIT workforce
increases its size from 3.5 million to 4.2 million2007. The entire category 1 and 2 NIT
workforce, which includes occupations such as heaformation technicians and
electrical and electronics repairers, totaled aBoBitmillion workers in 2007. The largest
category 2 occupations are data entry keyers (889,8nd computer, automated teller,
and office machine repairers (318,000). It is hkdiat the total category 1 and 2 NIT
workforce is even larger than 5.8 million. NRC (2D@stimates that the category 2 NIT
workforce was about the same size as the categagridforce in 200%: Using this ratio,
the total NIT workforce today would be comprised aifout seven million workers.
Developing a good estimate for the size of thegmie2 NIT workforce is difficult as
the distinction between IT and ITE workers is eVess clear than it is for category 1

workers.

The fastest growing NIT occupation between 1983 a6@2 was computer systems
analysts and scientists, growing at an average anrate of ten percent per year.
Between 2003 and 2007, the fastest growing ocaupatias computer and information
systems managers, growing at a rate of eight pemenyear. Two occupations have
seen recent declines in the number of workers: cbenpprogrammers and computer

hardware engineers. The number of computer progeaspeaked in the year 2000 at
710,000 and has declined in each year since t®6@6n 2007, a reduction of 26 percent

from the peak. While this decrease is notable, sexperts have noted that software
engineers are very similar to computer programmargl the number of computer

ZLNRC (2001), p. 61
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software engineers has increased since it wasdadlias an occupation in 2003 from
758,000 to 907,000 in 2007. Therefore, the decréaseomputer programmers may
simply be a shift from computer programmers tosafe engineers as the skill sets
required by software developers move away from rgpdowards software design and
project management.

Computer hardware engineer was first defined aso@upation in 2003 and their

numbers have decreased almost 20 percent from @3 0that year to 79,000 in 2007.

There does not appear to be any shift towards oticeupations among computer
hardware engineers as the number of electricakeeuronic engineers, a closely related
occupation, has also remained relatively flat si2@@3.

The relative size of the NIT workforce is also e&sing. Since 1983, the NIT workforce
has doubled from about 1.2 to 2.5 percent of therléorce as shown in Figure 2.2.

Figure 2.2: NIT Workforce as a Fraction of the Totd Workforce (1983-2007)
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Source: Current Population Survey

This is an extension of longer-term trends in thewgh of professional, technical, and
kindred workers in the United States from abou¢ fpercent of the workforce in 1910 to
nearly 25 percent of the workforce by 2000. Engisdmve also grown from 0.1 percent
of the workforce in 1910 to nearly two percent lo¢ workforce by 2000. Since 1960,
computer specialists have grown from about 0.1ewgrof the workforce to two percent
of the workforce? All of these trends show the US move towards awkedge-based
service economy.

2.1.1.2 Occupational Employment Survey (OES)

The OES does not use the same occupational ctaggifis as the CPS. The OES defines
more detailed occupations for computer systemsyatsabnd scientists, electrical and
electronics engineers, and computer software eaginelable 2.2 shows how these
occupation classifications correspond to thos@énGPS.

2 \Wyatt and Hecker (2006)
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Table 2.2: CPS-OES Occupation Comparisons

Current Population Survey Occupational Employment Survey
Computer systems analysts and scientists Compntkinéormation scientists, research
Computer systems analysts
Computer specialists, all other
Computer programmers Computer programmers
Electrical and electronics engineers Electricgiesers
Electronics engineers, except computer
Computer software engineers Computer software eegin applications
Computer software engineers, systems software
Computer hardware engineers Computer hardware eergin
Network systems and data communications an: [Network systems and data communications an
Computer and information systems managers Computkinformation systems managers

Source: Current Population Survey and Occupatideralployment Survey

Using the OES data, we estimate that the sizeeoté#tegory 1 NIT workforce in 2007
was 2.8 million people as shown in Figure 2.3. Tikidikely lower than the estimate
using the CPS data because OES data does noteaptlsemployed workers.

Figure 2.3: Size of the Category 1 NIT Workforce Esmated from the OES in Thousands (1999-
2007)
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Most of the trends in the OES data are consistéhttvends in the CPS data. There are a
declining number of computer programmers in bottaskts (but a growing number of
software engineers) while almost every other octopds growing rapidly except for
electrical, electronic, and computer hardware exgyis, as shown in Table 2.3. Computer
specialists were added as an occupation to the @E3004. Before 2004, these
individuals were likely classified in other occuipats both inside and outside of the NIT
workforce.
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Table 2.3: Size of the Category 1 NIT Workforce byDccupation Using OES (in Thousands)

Occupation 1999 2000 2001 2002 2003 2004 2005 2006 2007
Computer and information scientists, research 2@6| 26| 24| 23| 27| 26| 28] 29
Computer systems analysts 2863 448 468 475 497 492 446| 464
Computer specialists, all other 121 117 180y 183
Computer programmers 5p9531] 502 457 432 396/ 389 396| 395
Electrical engineers 149162 151] 146| 146| 147, 145 148 149
Electronics engineers, except computer 10124 123 126 137 133 130 132 134
Computer software engineers, applications 2885 362 357 392 440 456| 473 496
Computer software engineers, systems software 2085 262 255/ 286| 321 321 329 349
Computer hardware engineers 6064 68/ 67| 73] 80| 79 74 719
Network systems and data communications analysts PBO| 126| 133| 148/ 177| 185 204 216
Computer and information systems managers 2283 267 265 266| 264 259 251 265
Category 1 NIT workers 2,1782,4122,334 2,299 2,378 2,603 2,599 2,661 2,759
Growth in category 1 NIT workers 11%3%| -2%| 3%| 9%| 0%| 2%| 4%

Source: Occupational Employment Survey

One of the interesting differences between the &RBEOES data is in the overall growth
rate of the category 1 NIT workforce. The CPS dataw the workforce contracting
between 2001 and 2004. The OES data only showlameéae 2001 and 2002 and show a
significant increase (nine percent) in the sizetlsd NIT workforce in 2004. This
discrepancy arises since the CPS also capturesethemployed NIT workforce where
the OES data does not.

2.1.1.3 Scientists and Engineers Statistical Data S  ystem (SESTAT)

The NSF SESTAT data estimates employment in vamagsipations by integrating data
from the Survey of Doctorate Recipients, the Natlddurvey of College Graduates, and
the National Survey of Recent College Graduatess @ataset estimates the number of
workers with a bachelor’'s degree and higher, exdh# group we are examining in this
study. In the SESTAT data, there are two NIT-relateccupations: computer and
mathematical scientists, and electrical or compli#gedware engineers. This definition is
inclusive of some (mathematicians, etc.) who areNid® workers under any reasonable
definition. Using SESTAT, we estimate that thererav@.4 million workers in these
occupations in the United States in 2006. Thisveer than both the CPS (3.5 million)
and OES (2.8 million) estimates of the categorylT WNorkforce. Figure 2.4 shows the
SESTAT-estimated size of the NIT workforce betw&887 and 2006.
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Figure 2.4: Size of the Category 1 NIT Workforce Esmated from SESTAT in Thousands (1997-
2006)
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The SESTAT data shows a similar trend to that oleseim the CPS and OES data, with
the size of the NIT workforce growing rapidly beeme1997 and 2006 and with the
majority of that growth driven by an increase ine timumber of computer and

mathematical scientists and less so by electricdl @mputer hardware engineers. The
SESTAT data do not capture the dynamics of thecdot-bust in 2001-2002 because
data was only collected in 1999 and 2003 and ntiteryears in between.

2.1.2 Expected Growth of the NIT Workforce

Every two years, the BLS projects the growth incaitupations over the next decade. In
2007, the most recent projections were publisherng the period 2006-20%6The
size of the category 1 NIT workforce is expectedytow significantly faster than other
occupations, as shown in Figure 2.5.

Figure 2.5: Projected Growth of NIT Occupations Redtive to Others (2006-2016)
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23 Dohm and Shniper (2007)
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Predictions on the number of workers in categoNATL occupations show an increase in
size by 24 percent by 2016. This is significantlgher than the 17 percent increase
projected for professional occupations and the gercent increase projected for all
occupations. This will lead to 1,278,000 new jotemipgs in NIT occupations. Mann
describes a theoretical framework to support th@sgected increases by arguing that
software services will drive the next wave of proiility growth in the United Statés.
Table 2.4 shows the breakdown of projected growthdzupation.

Table 2.4: BLS NIT Occupational Growth Projections(2006-2016)

Occupational Category

BLS 2006
(thousands)

BLS 2016
(thousands)

%
Growth

Total Job Openings
(thousands)

Computer systems analysts and scientists 665 838 23% 349
Computer and information scientists, research 25 31 21% 12
Computer systems analysts 504 650 29% 280
Computer specialists 136 157 15% 57
Computer programmers 435 417 -4% 91
Electrical and electronics engineers 291 306 6% 82
Computer software engineers 857 1,181 38% 449
Computer hardware engineers 79 82 5% 28
Network systems and data communications analysts 262 402 53% 193
Computer and information systems managers 264 307 16% 86
Category 1 NIT Occupations 2,853 3,533 24% 1,278
Professional Occupations 29,819 34,790 17% 11,067
All Occupations 150,620 166,220 10% 50,732

Source: Bureau of Labor Statistics

The occupation categories used to make the BLSiops are similar to those used in
the OES but they provide additional categories #ugjregate the two types of software
engineers and combine electrical and electronigeneers. The difference between the
baseline numbers in 2006 compared to both the GIEISOES estimates are due to the
way the BLS constructs its National Employment Nkatry combining CPS and OES
data.

BLS predicts that the fastest growing category I Ntcupation over the next decade
will be network systems and data communicationsyat® which is projected to grow
53 percent between 2006 and 2016, leading to 103)8® job openings. In absolute size,
the largest increase in the number of job openimgsojected to be 449,000 for software
engineers. Computer programmer is the only NIT paton for which there is an
expected decline. The BLS projects a four percedline in the number of computer
programmers between 2006 and 2016. This continue=mnd identified in the CPS data
as the number of computer programmers has decimatimost every year since 2000.
Some of this decline can be attributed to offskmras computer programming is often a
well-defined task that can be packaged and perfdrateoad. In addition, there appears
to be a shift in the skill mix of the software demment workforce in the United States

2 Mann (2003)
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from coding performed by computer programmers tsigte and project management
performed by software engineers.

The BLS projections are based on a rigorous mogleépproach utilizing demographic
projections, macroeconomic models, and input-outpodels® To assess the credibility
of these projections, it is important to examineithvalidity. We find that the BLS
projections are sensitive the state of the labaketat the time they are made. When the
NIT workforce was growing slowly, the BLS projectsidw growth over the next decade.
When the NIT workforce was growing rapidly, the Bpf®jected more rapid growth. We
see this trend in comparisons of the BLS projestiimn the NIT workforce.

In 1997, the BLS projected the number of NIT woskéhrough 2006. Figure 2.6 shows
the projected versus actual number of workersH time span. We see that the actual
size of the NIT workforce was higher in 2006 thawas projected to be in 1997, mainly
due to a larger-than-expected increase in the nuwibeomputer systems analysts and
engineers. However, overall, the projections wamdyfclose to the actual values.

Figure 2.6: BLS NIT Projections Validation (1997-206)
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We can also compare the 1999 projections for 200 tve actual values in 2007. We
expect that the 2007 values should be slightly fdvg close to the projections for 2008.
We can see from Figure 2.7 that the projection2@8 were significantly higher than

we might expect due to a one-year difference. Theoeald have to be a significant

increase in the number of computer systems analgsts scientists (15 percent),

computer programmers (59 percent), and electrivdledectronics engineers (30 percent)
between 2007 and 2008 to reach the projections. orfite one of these that appears
plausible is the 15 percent increase in the nundbezomputer systems analysts and
scientists as this occupation grew by 15 percemh 2006 to 2007.

% Franklin (2007)
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Figure 2.7: BLS NIT Projections Validation (1999-208)
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For a workforce that has been growing significantlyer time, we might expect
projections to increase every two years. Howeveguré 2.8 shows a decline in
projections made between 1999 and 2004. Projectohs began to increase after the
NIT labor market began to rebound in 2005 and 2007.

Figure 2.8: Changes in BLS NIT Projections over Timn
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Overall, BLS projections have been good at predicthe actual size of the NIT labor
force. However, projections often vary with busees/cles, being more optimistic
during times of growth and more pessimistic durtmges of workforce contraction.

Given the recent economic downturn, we might exgeatvth over the next decade to be
lower than that projected by the BLS in 2007.

2.1.2.1 Comparisons with Other Occupations

NIT occupations are projected to be among the sagi®wing occupations over the next
decade. Among the five fastest growing occupatiogisveen 2006 and 2016 are two
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category 1 NIT occupations, as shown in Table Pifey are also the only two in the top
five that require a bachelor's degree. The numbermework systems and data
communications analysts is projected to grow fagtE3 percent) than any other
occupation between 2006 and 2016. Computer softwageneers (applications) rank
fourth with an expected increase of 45 percenthBitthe NIT occupations in the top
five fastest-growing occupations have median waggsificantly higher than the other
occupations on this list.

Table 2.5: BLS Projected Fastest Growing Occupatic(2006-2016)
Median Most significant source of

BLS 2006 BLS 2016 WEEIY postsecondary education or
Occupational Category (thousands) (thousands) % Growth | earnings training
Network systems and data
communications analysts 262 402 53% 1,039Bachelor's degree
Personal and home care aides 767 1,156 519% 38(Short-term on-the-job training
Home health aides 787 1,171 49% 423 Short-term on-the-job training
Computer software engineers,
applications 507 733 45% 1,459Bachelor's degree
Veterinary technologists and
technicians 71 100 41% 844|Associate degree

Source: Dohm and Shniper (2007)

Additionally, NIT jobs comprise the majority of geated growth in the S&E workforce.
Using the 2004-2014 BLS projections, the Computidgsearch Association (CRA)
calculated that 71 percent of new S&E jobs and &@gnt of new and replacement S&E
jobs would be computer specialists.

2.1.3 NIT Workforce by Sector

The NIT workforce is distributed across many sextdfrthe US economy. There are NIT
workers in NIT firms such as Microsoft and Googteveell as NIT workers in non-NIT
firms such as General Motors and Bank of America. ¥ed the OES data to estimate
the distribution of category 1 NIT workers acros&lustries using two-digit North
American Industry Classification System (NAICS) esdIn 2006, one-third of NIT
workers were in the industry classified as profasal, scientific, and technical services,
as shown in Figure 2.9. Relatively large fractiafsNIT workers were also in the
manufacturing (12 percent), information (12 pergemind finance and insurance (8
percent) industries. Seven percent of NIT workeesewn the government (local, state,
and federal).

% Roberts (2007)
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Figure 2.9: Fraction of NIT Workers by Industry (2006)
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As would be expected, the industry groups withiofggsional, scientific, and technical
services that had the largest number of NIT workezse computer systems design and
related services (69 percent of professional, sifienand technical NIT workers), and
architectural, engineering, and related servicésp@rcent of professional, scientific, and
technical NIT workers). In addition, nine percehpoofessional, scientific, and technical
NIT workers were involved in research and develampime the physical, engineering,
and life sciences. Also not surprising, within miaaturing, the majority of NIT workers
(65 percent of NIT manufacturing workers) werehe tomputer and electronic product
manufacturing industry. NIT workers were split elyeramong industries within
information, ranging from software publishers taehmet service providers to data
processing. The majority of the NIT workers withire finance and insurance industry
worked in the insurance industry.

We also calculated NIT worker intensity in eachusialy by dividing the number of NIT
workers in an industry by the total number of waskm that industry. The professional,
scientific, and technical services industry (12cpet) and the information industry (11
percent) had the highest fraction of NIT workessshown in Table 2.6. Management of
companies and enterprises (eight percent) andiesilffive percent) were the only other
industries with more than three percent of the stiguworkforce in NIT occupations.
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Table 2.6: Industry NIT Worker Intensity (2006)

Professional, scientific, and technical service§ (5 12 %
Information (51) 11 %
Management of companies and enterprises (55) 8 %
Utilities (22) 5%

Source: Bureau of Labor Statistics

The BLS does not project the industry compositiérthe NIT workforce to change
significantly between 2006 and 2016. They projbat the fraction of NIT workers in the
professional, scientific, and technical servicedustry will increase from 32 to 36
percent while the fraction of NIT workers in mametfaing will decrease from 12 to 10
percent. This is consistent with the labor forcejgution data showing a shift from
hardware occupations to software occupations. Tlfe &8so projects small increases in
the fraction of NIT workers in the information ingtey (12 to 13 percent), and slight
decreases in educational services (four to threeep® and government (seven to six

percent).

In addition to the BLS data, the ITAA conducted amual survey through 2004 that
estimated the breakdown of the NIT workforce byt@eand size of company. The ITAA
looked at the distribution of all NIT jobs, not jusategory 1 jobs, across NIT and non-
NIT firms and by size of firm. In 2004, the ITAA dod that only 21 percent of IT
workers in the United States worked in IT companggh the other 79 percent working
in non-IT companies, as shown in Figure 2.10. Tigisre also shows the percentage of
IT workers employed in large, medium, and smalegises for both the IT and non-IT
sectors. It shows that the majority of IT workezaded to work in small firms. Workers

in non-IT firms were more likely than workers in fifms to be in small firms.

Figure 2.10: NIT Workforce by Sector and Size of Cmpany

NIT Workforce by Company Type

IT companies, '
2,210,521, 21% 100% ~

75% -

50% -

Non-IT
companies,
8,315,768, 79%

Percentage of Workforce

25% -

NIT Workforce by Company
Type and Size of Company

m Large
@ Medium
O Small

0%

Source: ITAA (2004a)

The NSF SESTAT survey data provide a more receméakalown of category 1 NIT
workers by size of company. Figure 2.11 shows ik&iblution of NIT workers and all

workers by firm size in 2006.
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Figure 2.11: Fraction of Workforce by Employer SizeNIT vs. All Workers (2006)
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Compared to the workforce as a whole, IT workees more likely to work in large
companies. About 32 percent of IT workers work ampanies with more than 25,000
employees compared to 19 percent of all workers abole. The SESTAT data include
only category 1 NIT workers; excluded are systedmiaistrators and computer support
staff who are likely to be found in smaller firms.

2.1.4 Government NIT Workforce

The coming retirement of the baby-boom generatidiederal employees is a significant

issue for the government workfof€and is especially important for NIT occupations.
Many federal jobs require US citizensfiipnd a declining number of graduates from
traditional NIT degree programs are US citiz&ighe government NIT workforce has

not been studied in-depth nor are there many felistatistics about the projected needs
for NIT workers due to the coming retirement bodtowever, the Office of Personnel

Management (OPM) manages a database called Fed8wiparovides a breakdown of

the federal workforce by occupatichln 2008, there were about 100,000 federal
employees in NIT occupations: computer sciencectrrics engineering, computer

engineering, electrical engineering, and infornratechnology. The majority of workers

(about 68,000) were in information technology.sltlikely that these data include both

category 1 and category 2 NIT workers. The siz¢heffederal NIT workforce has not

changed significantly since 2004, growing at a mfteabout one percent per year as
shown in Figure 2.12.

2T GAO (2007)

28 http://www.usajobs.opm.gov/El9.asp
*9 See Section 2.2

%0 http://www.fedscope.opm.gov
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Figure 2.12: Size of the Federal NIT Workforce
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The BLS also provides another source of data orsittes of the federal NIT workforce.
Using the BLS occupation-industry data, we estiohdtee size of the category 1 NIT
workforce in the federal government to be abou0@3,in 2006. This is consistent with
the larger OPM estimate that included both catedognd 2 NIT workers. The BLS
projects the number of category 1 NIT workers ia federal government to shrink by
6,000 workers to about 77,000 workers by 2016. ¢8hS data, we also estimate that
the number of total government NIT workers (fedestdte, and local) was about 195,000
in 2006. The BLS projects this workforce to shrimkabout 189,000 by 2016. We also
used SESTAT to estimate the size of the total gowent (federal, state, and local)
category 1 NIT workforce to be about 223,000 waoskier 2006. All of these estimates
show that the size of the federal, state, and Igoaérnment category 1 NIT workforce is
likely near 200,000 workers, or about six percdrthe overall NIT workforce, while the
size of the federal category 1 NIT workforce is ath80,000 workers, or two percent of
the overall NIT workforce.

One of the major factors affecting the governmehit Workforce is the outsourcing of
NIT work to contractors. Both the OPM and BLS dskew little to no growth in the
government NIT workforce. In 2003, Light estimateadt at least 50 percent of the total
government workforce in 2002 was comprised of @witrs® It is likely that this
fraction is even higher in NIT occupations. While good estimates exist for the NIT
contractor workforce, a conservative estimate baeed Light's estimate for all
occupations would mean the size of the federal-sup@ NIT workforce is closer to
200,000 workers. The use of contractors may alsmasking growth in the federal NIT
workforce as government agencies may find it easieexpand by using contractors
rather than hiring federal employees for NIT ocdigyes.

31 Light (2003)
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While there is little information available on tdemand for NIT workers who are US
citizens, jobs related to national security almosttainly require US citizenship. We
found that more than half of federal NIT workersrkex for the Department of Defense
(DoD) in 2008. DoD employees comprised only 35 petof the total federal workforce

but 54 percent of the federal NIT workforce. Itlikely that the majority of these

positions require US citizenship. In addition, ma\i jobs for defense contractors also
require US citizenship. Assuming a contracting Midrkforce of 100,000 workers and
the same ratio of defense to civilian workers agh@ federal government, the total
number of DoD supported NIT workers requiring UBzeinship would have been about
100,000. However, many positions outside of Dol akquire US citizenship, which

could make the total number of NIT jobs requirin§ Uitizenship significantly higher.

The National Defense Industry Association has ifiedtthe lack of qualified science,

technology, engineering, and mathematics (STEM)kessr who are US citizens as an
important issue and organized a conference arauimd2004. On the subject of supply
and demand, they concluded, “macro level data aoel for the current state of national
workforce. However, specificity for National Sedayrneeds is lacking for both demand
and supply of US citizens. There is a need for isteist feedback between unmet
workforce demands and sources of supply for badlastry and government. In addition,
labor demand analysis lacks integration and seffiici correlation with projected

government budgets, technology needs, and globapettion.”?

2.1.5 Other NIT Workforce Characteristics

The NSF SESTAT database provides a number of cthemacteristics of the category 1
NIT workforce that are not included in either the€or OES. While all surveys contain
data on salary, gender, and r&c8ESTAT contains data on age, degree compositin, |
satisfaction, work-related training, and foreigngor. These SESTAT data only break
down occupations in broad categories, with theeddb®IT occupation categories being
“computer and mathematical scientists” and “eleatriand computer hardware
engineers.”

2.1.5.1 Age

NIT workers tend to be younger than workers in pthecupations. The average age of
workers in SESTAT NIT occupations in 2006 was abtuyears compared to 45.5 years
for all individuals in all occupations. About 49rpent of NIT workers were less than 40
years old in 2006 while only 36 percent of all wenk were less than 40. Figure 2.13
shows the age distribution of workers in NIT ocdigras versus those in all occupations
in 2006.

32 http://www.ndia.org/Resources/OnlineProceedingBAB4E_National Security Workforce.aspx
33 See Section 3 for more on gender and race.
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Figure 2.13: Age Distribution of NIT Occupations vs All Occupations (2006)
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In contrast, the average age of the federal NITkfwoce in 2008 (46.3 years) was
slightly greater than the average age of the olvédéral workforce (45.7 year¥)The
average age of the federal NIT workforce was mudatgr than the average age of the
NIT workforce as a whole.

2.1.5.2 Degree Composition

In 2006, the majority of workers in the categoryNIT workforce (68 percent) had
bachelor’s degrees. This is higher than the fraatibbachelor’'s degree recipients in the
overall workforce (59 percent). The major differerimetween the degree composition of
the NIT workforce and the overall workforce is tlaek of professional degrees in the
NIT workforce, as shown in Figure 2.14. This is lexped by the lack of professional
degree programs as a pathway for NIT workers. Thenree been recent proposals to
change this pathway and create more professiogatdgrograms for S&E workets.

3 Calculated from FedScope database
% Colwell (2009)
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Figure 2.14: Degree Composition of NIT vs. OveralWorkforce (2006)
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2.1.5.3 Job Satisfaction

Compared to the overall workforce in 2006, fewefT NVorkers reported being very
satisfied with their jobs while more reported besgmewhat satisfied and somewhat
dissatisfied, as shown in Figure 2.15. The fractibrworkers reporting that they were
very dissatisfied with their jobs was the sameha NIT workforce as it was for all
occupations. Overall, NIT workers appeared to beutlas happy with their jobs as all
workers.

Figure 2.15: Job Satisfaction of NIT Workers vs. AlWorkers (2006)
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2.1.5.4 Work-Related Training

Perceptions of NIT occupations often include thedh&r continuous training to learn
new skills as technology evolves. In 2006, NIT wayskreported participating in work-
related training at about the same rate (58 peresnall workers (59 percent), according
to SESTAT survey data. NIT workers more frequemitged improving their skills or
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knowledge in their current occupation as the ppaktireason for participating in the
training compared to all workers, as shown in Feg@rl1l6. This is consistent with
anecdotal evidence from experts interviewed fa thport that NIT workers are required
to learn new skills at a faster rate than workersther occupations, as well as with
empirical evidence that the number of skills regdirby NIT workers has been
increasing® NIT workers also cited increasing opportunities fadvancement and
employer expectations as reasons for receivinguitrgi more frequently than other
workers. Licensure/certification was cited muchsl&égquently by NIT workers as the
primary reason for training compared to all otherkers.

Figure 2.16: Reason for Participating in Work-Relatd Training: NIT vs. All Workers (2006)
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2.1.5.5 Workers Born Outside of the United States

NIT occupations have a high fraction of workers hautside of the United States

compared to other occupations. Table 2.7 showsthigatwo most closely related NIT

occupations (electrical or computer hardware ersggand computer and mathematical
scientists) were among the top five occupation$ wie highest fraction of foreign-born

workers in 2006. The average fraction of foreigmrAb@orkers across all occupations was
about 17 percent while the fraction for the two Midcupations was about 30 percent.

Table 2.7: Top 5 Occupations with Highest Fractiorof Foreign Born Workers (2006)

Occupation Fraction Foreign Born
Physicists and astronomers 36 %
Postsecondary Teachers - Engineering 3R %
Electrical or computer hardware engineers 31 %
Biological and Medical Scientists 30 %
Computer and mathematical scientists 28 %

All Occupations 17 %

Source: SESTAT

% Gallivan et al. (2002)
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The two NIT occupations also had among the higlrestion of naturalized citizens

comprising the US citizen component of the workéort9 percent of US citizens who
were electrical or computer hardware engineerslandercent of US citizens who were
computer and mathematical scientists were nat@alctizens. The average fraction of
naturalized citizens for all occupations was 1Gpgt.

2.1.6 Demand Due to Expansion of NIT in Other S&E Disciplines

Networking and information technology has playedimereasing role in virtually all
fields of science and engineering over the laseisd\decades. The NITRD program and
its predecessor interagency programs have playedjar part in this expansion through
their longstanding emphasis on the applicationshigh performance computing and
networking to science and engineerihgoday there are few, if any fields of science and
engineering that have not been significantly a#dcby networking and information
technologies. In some areas, new interdisciplinsupfields focused on IT-intensive
approaches to science, such as bioinformatics angbgtational physics, have emerged.
This section analyzes the workforce implicationshefse trends.

2.1.6.1 NIT Applications in Science and Engineering

There are a wide variety of NIT applications ineswie and engineering, including digital
data collection and management, modeling and stioolavisualization, and digital

communication and collaboration. These applicatiaffect many fields of science
including biology, chemistry, physics, mathematasgd medicine.

With respect to data collections and managemerit,Hdk enabled rapid increases in data
collection and improved technology for storing, g, and accessing data collectiéhs.
New families of computer-controlled instruments éayreatly expanded the quantity of
data available to scientists. In medicine, toolshsas gene sequencers have improved
researchers ability to understand and target diseRemote sensing technologies,
personal digital assistants, and laptops have gieatly aided field data collection for
social scientists, geologists, and ecologists. Ratkections may include text, numbers,
images, video, or movies, audio, or software. Thagge from collections for an
individual research project to collections shareg bundreds or thousands of
investigators. Such data collections are increasamidly in number and size. Because
data collections can be made widely available tentsists anywhere, they can be a
catalyst for progress and democratization of saesmud educatiofi.Internet connected
datasets, such as the Protein Data Bank, enablesaly structured form of cooperation
or collaboratiorf? Such collections are transforming the fields afidgy, chemistry, and
medicine.

NIT also provides new tools for data analysis idolg a wide variety of statistics,
models, algorithms, equations, visualizations, sintlations. Advances in modeling and

3" FCCSET (1993); NSTC (2001)

% NRC (1989, 2001); NSB (2005); ETAN (1999)
39 NSB (2005)

“OETAN (1999)
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simulation enable the study of complex probleth§&ome suggest that computer
simulation provides a qualitatively new and diffesranethodology for the physical
sciences, and that this methodology lies betweamttional theoretical physical science
and its empirical methods of experimentation andeolmation’* NIT is also used for
visualization, which is used to present complexadata visual form, frequently in three
dimensions and often over time. Visualization aBowhe presentation of data or
simulation results in a form that lets the user gaterns and develop an understanding
of the data. One example of efforts to utilize wisation technologies to educate
students about the fundamentals of chemistry is GhemViz tools created by the
University of lllinois?

NIT also enables scientists and engineers to coruatgnand collaborate in new ways.
The Internet is used to connect data collectionagsy data storage, and computational
resources to provide a wide variety of serviceschswas electronic journals,
videoconferencing, community databases, and contsnambdels. NIT enables greater
scientific collaboration, particularly collaborati® involving many people and several
sites. IT is seen as leading to virtual communitiesesearchetsand extended research
teams®” The term "cyberinfrastructure" is now commonly dise refer to a whole set of
resources and tools available to scientists andnheags that serve to relax barriers of
time and distance (which can be geographic, orgéioizal, or disciplinary) to bring
expertise, information, tools, instruments, andilifaes together for the discovery,
dissemination, and application of knowledge.

These NIT applications are affecting virtually ex@&eld of science and engineering. In
some fields, new subfields have emerged aroundagiptications of IT in the field.
Examples include bioinformatics and computationabldgy, linguistics, physics,
chemistry, medicine, and mathematics. In thesesatkha subfields have evolved to have
journals and conferences, and in most cases degogeams. For example, the field of
mathematics has seen the creation of the Journ@loaiputational Mathematitsand
degree programs such as the Program in Applied Gordputational Mathematics at
Princeton University® the Center for Computational Mathematics at thévehsity of
Colorado at Denvef,and the Center for Computational Mathematics atithiversity of
California at San Diegd.A few examples of the many computational programasther
fields include:

“L FCCSET (1993); NSTC (2001)

“2 Rohrlich (1990)

3 http://education.ncsa.illinois.edu/products/cherfimgex. html
*NRC (2001)

“SETAN (1999)

“6 Atkins (2003)

47 http://www.global-sci.org/jcm

48 http://www.pacm.princeton.edu/index.shtml

“9 http://www-math.cudenver.edu/ccm

%0 http://ccom.ucsd.edu
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* Biology/Bioinformatics: the National Cancer Insté#uCenter for Bioinformatics,
the University of Pennsylvania Center for Bioinfaties?* and the University of
Maryland Center for Bioinformatics and ComputatioB&logy.>

* Linguistics: the Center for Computational Linguistat Charles University in the
Czech Republi€ and the Centre of Computational Linguistics ata¥yas
Magnus University in Lithuania.

* Physics: the Center for Computational Physicsetthiversity of Tsukuba in
Japarf and the Center for Computational Physics at theddsidade de Coimbra
in Portugaf’

» Chemistry: the Center for Computational Chemistrtha University of
Georgia? the Computational Chemistry Center at the Univétr&rlangen-
Nirnberg? and the West Center for Computational Chemistd/@rug Design
at the University of the Sciences in Philadelghia.

* Medicine: the Center for Computational Medicine &mwinformatics at the
University of Michigarf! the Institute for Computational Medicine at Johns
Hopkins University? the IEEE Computer Society for Computational Metk¢?
and the Computational Medicine Center at the Usitenf Cincinnati*

2.1.6.2 Workforce Implications

While there is little doubt that the role of NITagpanding in nearly all fields of science,
there are much less data or analysis of the eftddtsese trends on either the science and
engineering workforce or the NIT workforce. Worlderstatistics are not classified in a
way that allows analysis of these trends and thexe been few studies that specifically
address workforce issues at the interface betwd&maNd science. There are, however,
some studies that discuss education and workfestees in the context of addressing the
role of IT or cyberinfrastructure in science angjierering. These discussions reflect the
views of experts in the fields but appear to beesdam little data. In addition, there have
been studies of some workforce issues in new Nidrse subfields. This section
summarizes some of this information.

51 http://ncicb.nci.nih.gov

52 http://www.pcbi.upenn.edu

53 http://www.cbcb.umd.edu

4 http://ufal.mff.cuni.cz/ckl

* http://donelaitis.vdu.lt/index_en.php

%8 http://www.ccs.tsukuba.ac.jp/CCS

> http://cfc.fis.uc.pt

%8 http://www.ccc.uga.edu

%9 http://www.chemie.uni-erlangen.de/ccc
80 http://www.usp.edu/westcenter

81 http://www.ccmb.med.umich.edu

82 http://www.icm.jhu.edu

53 http://www2.computer.org/portal/web/cm/home
% http://www.computationalmedicine.org
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There are several studies that address, at sorak \eerkforce needs to take advantage
of the opportunities presented by NIT for scienod angineering. In 2007, The NSF
Cyberinfrastructure Council identified both needs dhanging education and training of
scientists and engineers as well as the developaiew NIT professionalS.The study
suggests that changes in graduate curricula withhdexled to take advantage of the new
methods to observe, acquire, manipulate, and reprekata. It emphasizes the need for
increased interdisciplinary science and engineetiagning, reflecting the complex
nature of modern science and engineering probldéimalso notes the importance of
continued professional development opportunitiealklow teachers and faculty to learn
to use new techniques enabled by cyberinfrastrachath in research and education.

With respect to NIT professionals needed to suppgrerinfrastructure, the study notes
the need for “digital data management” or data toomgprofessionals. Such careers may
involve the development of new degree programs toabbine library science with
scientific disciplines. Similarly, the study notasneed for new specialized careers that
pair the graphic arts with a science or engineediggipline to develop and apply
visualization and other presentation technologieh¢ interpretation of data.

The study also notes that new NIT-science and eeging hybrid disciplines will

continue to develop, and that the NSF will be aabésr in developing the workforce for
these newly formed disciplines by supporting culag stimulating partnerships, and
supporting the dissemination of “best practices” agberinfrastructure workforce
development.

There have been two studies focused on computhstiils needed in the sciences. The
first, an NSF-supported study on computational fisysnoted the need for training
computational physicists and for integrating comapioh into the standard physics
curriculum?® It notes that computational scientists are neédéddustries ranging from
aerospace to Wall Street, and that computationah8sts require backgrounds in applied
mathematics, computer architectures, and softwagmeering, as well as in their own
disciplines. A number of universities have estdiadd interdisciplinary programs in
computational science and engineering. Howeverstimy notes that such programs are
labor intensive to design, and that the creatiortairse software often requires staff
support and infrastructure. It recommends seedifignbr such courses. The study also
says that graduate and postdoctoral fellowshipnarag in computational physics would
be helpful. Finally, the study notes that greatgegration of computation into the core
curriculum could have a dramatic positive impacuodergraduate education in physics.

The second study, undertaken in 2003 by the Subdtbesnmon 21st Century Biology of

the NSF’s Directorate for Biological Sciences Aavis Committee, addressed the skills
needed to use cyberinfrastructure in the bioscetidéhe report notes the need for a new
cadre of scientists prepared for work at the flermbetween computing and biology, able
to recognize important biological problems, undmrdt what computational tools are

% National Science Foundation Cyberinfrastructurer@i (2007)
% Steering Committee on Computational Physics (2001)
5" BIOAC (2003)
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required, and capable of being a communicator bEtweaditionally trained biologists
and traditionally trained computational scientiStkey recommend more short courses,
continued support for interdisciplinary trainingydasupport of novel training approaches,
particularly for more senior scientists who neettaiging and for new undergraduate
curricula.

In a study focused on creating and maintainingelailgtasets across all disciplines, a
2005 National Science Board (NSB) study on longdivata collections identified needs
for education, training, and workforce developnféiithey note that there needs to be
innovative data scientists available to createiragdtdge collections technology, as well
as many people with the knowledge and skills to thgecollection infrastructure. The
Board noted that training is needed to permit neteas who are domain experts to be
able to access collections in sophisticated wayss kind of training needs to be
multidisciplinary in character and targeted to eesbers with diverse backgrounds. In
addition, the Board noted that there is a need dkentata collections intelligible to the
general public and that this is an additional @raje to the data scientists who devise the
interfaces.

One computational science area where there has smae scholarly analysis of the
workforce is bioinformatics. Black and Stephan stddhe bioinformatics labor market
during the period 2000-2002They surveyed all 74 known academic programs ioffer
degrees in bioinformatics, analyzed position angeurents for all bioinformatics-related
ads placed irScienceduring the three-year period ending in 2003, arelyposition
announcements on two Internet sites, and studiedoénception of seven firms of the
state of the bioinformatics labor market. Resultshe study were compared to those
from a 1999 survey of academic programs and a $888, of position announcements.
Black and Stephan found that there was a dranatie@ase in the number of academic
training programs as well as the number of indigiduenrolled in programs.
Nevertheless, the number of newly trained indivigua bioinformatics was fairly small
relative to the number of position announcemeniggssting that most hires came from
other fields, rather than from the bioinformatiesgcee programs. They also found that
the number of advertised positions decreased fré89 o 2003. The wage premium
associated with bioinformatics positions in 1994 késappeared by 2004. This suggests
that, at least in the area of bioinformatics, ti@ok market was responsive to needs, with
some time lag. A high demand for bioinformatics cspiests led to higher wages that
attracted people from other fields and to the aweabf new degree programs. The
increased demand for bioinformatics specialists dat increase without bounds,
however, and in fact soon leveled off, and thisnbmed with the new training programs,
appeared to allow supply and demand for bioinforcsatspecialists to approach
equilibrium. We found no similar studies in othegas of computational sciences.

One effort to provide a capable workforce for &lds of science using computing is the
Initiative in Innovative Computing at Harvard Unigay. This program aims to provide
“two-way collaborative flow of ideas and inventiobstween basic science and computer

%8 NSB (2005)
% Black and Stephan (2004)
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science, academia and industry, professional atafffaculty, teachers and students. The
lIC trains the next generation of creative and cotafonally capable scientists, and
communicates with the public at large about thes&af computing in science and the
science it enables”

2.2 Supply of NIT Students and Faculty

Defining the supply of NIT workers is inherentlyabjective task. Traditional definitions
of supply have included computer science (CS) dadtrecal engineering (EE) degree
recipients. However, as explained in the reporEt®eman and Aspray: “One of the least
known and most important facts is that the vastonityj of IT workers do not obtain
formal degrees in IT-related disciplineS.’Additionally, the supply pipeline reaches
further back than higher education where studemis gxperience with information
technologies both in and out of the classroom. Tdestion begins by describing
pathways to NIT careers and then describes thdysoppotential NIT workers.

2.2.1 Pathways to NIT Careers

Depicting all of the pathways to NIT careers ioamplex task as there are many different
avenues and feedback loops. A collaborative effistween the Business Higher
Education Forum and Raytheon is attempting to mtiaede pathways for STEM careers
using a systems dynamics appro&dhigure 2.17 shows a high-level outline of their
model in the early stages of its development.

Figure 2.17: Model Outline for STEM Education Modelng Project
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Source: Roe (2008)

The model was created using the system dynamiclingdsoftware Vensim and is a
combination of stocks, flows, and feedback loop ttombine to simulate the dynamic
workforce. Figure 2.18 shows an example of one aekl loop depicting how the
number of STEM interested students is affectechbynumber of STEM capable teachers

0 http:/fiic.harvard.edu
"L Freeman and Aspray (1999), p. 72
2 http://www.stemnetwork.org
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while at the same time the number of STEM capaddehers is affected by the number
of STEM capable students.

Figure 2.18: STEM Model Feedback Loop
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Source: Roe (2008)

No such model currently exists for the NIT workferbut many of the fundamentals
would be the same. Most of the STEM career liteeattonceives of the system as a
pipeline’ Individuals move through the pipeline from earhidhood through retirement
and a variety of factors influence their careerislens. Based on a thorough review of
the literature and interviews with experts, Fig@ré9 shows some of the key factors
affecting NIT career pathways.

3 Hilton and Lee (1988), Eccles (1989)
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Figure 2.19: Factors Affecting NIT Career Pathways
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Preparation and perceptions affect the career ehditat individuals make. These are
influenced by experiences both within the formali@tional system and outside of the
classroom. Over time, these experiences shape digifysan individual’s preparation
for and perceptions of various careers. This isisb@nt with Eccles et al.’s Expectancy
Value model, which hypothesizes that individuaftieational and vocational choices are
influenced by their interests, values, and expigtatof succes$.The majority of the
literature on NIT career pathways has focused mainlhigher education. The following
subsections highlight some of the factors thatuerice NIT career preparation and
perceptions at various points in the pipeline.sltworth noting that there are some
drawbacks to the pipeline conception, as it doeé®rplicitly address the conglomeration
of social and psychological factors affecting caréecisions? The following sections
are based on the view that perceptions and prepasabuild upon each other and
interact to determine career choices.

2.2.1.1 Early Childhood

The experiences that affect NIT career choicesrbegearly childhood. While there is a
significant literature on the importance of earlildhood cognitive and social
development as a key determining factor of latdi development? there is little focus
specifically on preparation for NIT careers at tleisel of education. The literature shows
that skill formation during this period is a keyte®eninant of future labor market
outcomes! This has very important implications for the deyaghent of “soft skills” that
are often cited as being in high demand by NIT eygis.

"4 7arrett and Malanchuk (2005)

'S Zarrett and Malanchuk (2005)

® Heckman (2006), Cunha et al. (2006)
""Heckman et al. (2006)
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2212 K-8

At the K-8 level, NIT preparation and perceptions determined by a variety of factors.
At this level, science and math education is carsid essential preparation for NIT
careers. More specifically, learning the scientifiethod of inquiry and discrete math are
considered important foundations for NIT careerscess to technology in the classroom
is also considered an important factor. While theme very few K-8 courses that focus
specifically on NIT skills, many schools use congustfor a variety of classroom

activities and some begin to teach the fundamemiflsomputer use such as word
processing and spreadsheets in middle school.

Students at the K-8 level are also profoundly ieficed by their experiences outside of
the classroom. Access and use of information tdolgies are key factors that influence
NIT career perceptions and preparation. Accessntormation technology is often
measured by access to a computer and the Inté&oebrding to the 2004 report by the
US Department of Commercé, Nation Online: Entering the Broadband Afehe
prevalence of computers and Internet access foh@Seholds was steadily increasing
between 1997 and 2003 (the most recent availalke fiem the Census Bureau), as
shown in Figure 2.20.

Figure 2.20: Percent of US Households with Computsrand Internet Connections (1997-2003)
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Access to information technologies is only relevdirgtudents use these technologies.
Common uses of these technologies include gamidgsanial networking. While these

technologies do not require a student to underskevd a device works, they provide

students with an appreciation of the uses of NIfjctv is often seen as an important
factor in career decisions.

At all levels of education, social influences alahought to be key contributing factors
to career choices. The influence of peers, roleatspdind the media play a significant

'8 http://www.sidwell.edu/middle_school/technology.asp
" NTIA (2004)
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role in affecting the career perceptions of indiats throughout the educational pipeline.
These influences begin primarily during the K-8 ngeaand continue through an
individual’s retirement from the workforce.

2.2.1.3 High School

High school is often the first period in the fornealucational system where students take
computer science courses. According to a 2007 gubae the Computer Science
Teachers Association (CSTA), 73 percent of higlosthin the United States offer some
form of computer science course, while only 33 eetaf schools require students to
take such a coursgAn indicator of interest in CS at the high schieekl, the number of
students taking the Advanced Placement (AP) te€1Sn has been declining while the
number of students taking all other AP tests haeased, as shown in Figure 2.21.

Figure 2.21: Advanced Placement Tests Taken in CSeRative to Other Subjects (1997-2007)
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While some of this decline could be attributed ttaek of interest, some experts have
attributed the decline in AP CS test taking to tbdesign of the exam to focus on the
object-oriented language Java, which has incredsecbmplexity. Some interviewees
raised concern about the qualifications of highostltomputer science teachers to teach
Java to students.

Due to the lack of prevalence of CS in high scheaknce and math continue to be a key
focus of preparation for NIT careers at the highost level in addition to access and use
of information technologies inside and outside lué tlassroom. High school students
may also begin to think about careers in termsalzrg and job satisfaction.

2.2.1.4 Higher Education

The selection of academic major by undergraduaidesits is one of the first clear
indicators of their career choice. It is not a limgdchoice but gives some indication of

80 CSTA (2007)
81 http://professionals.collegeboard.com/data-repasearch/ap/data
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their career objectives. This is especially trudig@hds that are more “career oriented”
such as CS and EEWhile CS and EE are not the only academic avenoeNIT
careers? selection of these majors remains one of the firdicators of NIT career
choice. This is especially true when NIT careers eonsidered more narrowly as
Category 1 IT occupationsiowever, the majority of NIT workers do not obtalegrees

in the typical NIT fields. Figure 2.22 shows thadtion of category 1 NIT workers
whose highest degrees were in various fields ir7;12999, 2003, and 2006. These data
are derived from the NSF SESTAT database in whiehntost relevant NIT occupations
are computer and mathematical scientists and &lalcand computer hardware engineers.

Figure 2.22: Degree Field of Category 1 NIT Workerg1997-2006)
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We can see from these data that in 1997 and 1960t &Y percent of NIT workers
received their highest degree in traditional NI§e fields (computer and mathematical
sciences and electrical, electronics, and commtiaica engineering). Another 33
percent received their degrees in STEM fields, ilawnly about 10 percent receiving
degrees outside of STEM fields. The definitionshef SESTAT data changed in 2003, at
which point electrical, electronics, and communara engineers were included in the
engineering degree category. If we assume thattrigl@c electronics, and
communications engineers comprised the same propast the engineering workforce
in 2003 and 2006 as they did on average in 19971888 (71 percent), then the number
of NIT degree holders in NIT careers fell to 50qeert in 2003 and increased back to 54
percent in 2006. The number of NIT workers recggVB8TEM degrees fell significantly
from 90 to 73 percent in 2003 and increased skgiotl78 percent in 2006. The trend we
see here may be a result of the dot-com boom irednly 2000s, which brought many
non-NIT degree holders into the NIT workforce. BJ0B, many of these workers left the

82 NCES (2008a)
8 Freeman and Aspray (1999)
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NIT workforce but the fraction of NIT and STEM degrholders remained lower than it
had been in the 1990s.

The NSF surveys workers about the relation of thigihest degree to their occupation. In
2006, NIT occupations had among the lowest pergentsf workers who said their
occupation was closely related to their highesteegrFifty percent of NIT workers said
that their occupation was closely related to theghest degree compared to an average
of 68 percent for all occupations. Fewer computed anathematical scientists (48
percent) reported their occupation being closelpted to their highest degree than
electrical and computer engineers (68 percent). did€upations also had the highest
fraction of workers reporting their occupation went related to their highest degree at 18
percent compared to an average of nine percensaealboccupations. The data affirms
that NIT workers tend to come from a variety of eegbackgrounds that may not be
related to NIT.

For those who reported working outside of theirhlest degree field, the most cited
reason for working in NIT occupations was pay arahption opportunities, as shown in
Figure 2.23. The fraction of workers reporting this the primary reason for working

outside of their highest degree was much higheMNidr occupations (38 percent) than
for all occupations (27 percent). A larger fractioihNIT workers (28 percent) than all

workers (21 percent) also cited changes in care@rafessional interests as a primary
reason for working outside of their degree fieldT Nvorkers less frequently cited

working conditions, job location, and family-reldteeasons.

Figure 2.23: Fraction of Workers Citing Primary Reason for Working Outside of Degree Area: NIT
vs. All Workers (2006)
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Overall, while a significant amount of emphasipliaced on the NIT degree pipeline, a
significant portion of NIT workers do not have NilEgrees. Most recently, in 2006, 46
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Undergraduate Degrees
Total

percent of the NIT workforce did not have an NITgae and 22 percent of the
workforce did not have a STEM degree. Higher pay @manges in professional interest
appear to be two of the major factors that lead-Nbin degree holders to choose NIT
careers.

We can also track NIT pathways from another petspedy asking where those with
degrees in traditional NIT areas like computer moeeend up working. A study by the
NCES, Ten Years After College: Comparing the EmploymeqgeBences of 1992-93
Bachelor's Degree Recipients With Academic and €a@riented Majorsis one of the
most recent and comprehensive studies that traek dtcupational trajectory of
bachelor's degree recipients. The study uses data the Baccalaureate and Beyond
Longitudinal Study to identify the career trajeadsrof 1992-93 bachelor’s recipients,
two, five, and ten years after their graduation.

The study separates degrees by category — acadersiags career-oriented degrees. One
of the findings is that recipients of degrees imeea-oriented fields tend to remain in
careers associated with their undergraduate educatrhile graduates with academic
degrees displayed much more variation in their exateCS is classified as a career-
oriented degree implying that students who choospursue CS at the undergraduate
level are more likely to be making a career choitth their undergraduate major and
more likely to remain in NIT career paths. CS gitda, however, are found in an array
of fields other than computer science, as seerabiel2.8.

Table 2.8: Percentage Distribution of 1992-93 Bacle’s Degree Recipients’ Occupations in 2003 by
Degree Field and Occupation
Admin/
Busines clerical/
workers legal
and Service| support Medical
managerg Educators|workers| workers | Professionals| professionals| workers

Human/  |Researcher

protective scientists, Editors/
services/ legal technology| Engineers/ | writers/ |Computer
architects  |performers| scientistsOther|

IAcademic Degrees 23 19 10 5 10 12 8 2

Social and behavioral sciences 30 15 12 4 5 19 5 ] 1
IArts and humanities 20 24 13 7 3 9 5 1 12
Biological sciences 11 12 7 1 43 2 15 D
Mathematics/physical sciences 19 22 3 2 11 5 24 4 |
Other academic 23 29 [ 5 5 12 1 ( y

Career-oriented Degrees 31 18 10 3 6 3 7 4
Business and management 56 6 15 3 3 2 1 ]
Education D 65 [ 2 5 1 [0 4
Health 1 6 4 1 69 4 3 ]

Engineering 2B 2| 4 0 1 1 4 48 1
Computer science 18 4 4 3 1 1 3 18 0
Other career-oriented R5 1] 14 5 4 14 4 4 12

Source: NCES (2008a)

Forty-eight percent of CS degree recipients renthineCS occupations ten years after
receiving their degrees. The fraction that stayedC5 was lower at one year after
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graduation (47 percent) and peaked five years aftaduation (56 percent). The two
occupational categories with the second largesesemtation of computer scientists in
2003 were business/managerial careers (18 peraedtengineering-related occupations
(18 percent). Engineering occupations include stmdt engineers and computer
hardware engineers, which are considered part edfcttegory 1 NIT workforce. The
proportion of CS degree holders working in busireess managerial occupations reflects
the prevalence of technology-based managerial oppites and the likely migration
over time of workers moving along the spectrum fr&tnict IT work to ITE work. NCES
(2008a) also shows that STEM degree recipientsirazeeasingly likely to become
computer scientists, with 10 percent choosing NEEupations after one year and 13
percent choosing NIT occupations after five andytears.

2.2.1.5 Non-traditional Academic Pathways

Traditionally, Ph.D.-granting institutions are themary producers of bachelor's degrees
in the sciences and engineering, but this is n@tctse for CS. In 2001, at the height of
CS degree production, the top producer of bachelbegrees in CS in the United States
was Strayer University, a for-profit institution twi campuses all across the east and
southeast with an array of online and evening ogtibat cater to non-traditional college
students. Five of the other top ten producers w2ed/ry Institute of Technology
campuses, as shown in Table 2.9. DeVry is a sirfolaprofit institution that operates in
several states.

Table 2.9: Top Producers of Computer Science Bachals Degrees (2001)

Rank Academic Institution Degrees Awarded

1 Strayer University 840

2 DeVry Institute of Technology (Addison, IL) 477
3 CUNY Bernard Baruch College 465
4 University of Maryland Baltimore County 463
5 DeVry Institute of Technology (Phoenix, AZ) 440
6 DeVry Institute of Technology (City of Industr@A) 349

7 Rutgers, the State University of New Jersey 336
8 DeVry Institute of Technology (Kansas City, MO) 163

9 DeVry Institute of Technology (Long Beach, CA) 130
10 James Madison University 393

Source: Malcom et al. (2005)

By demonstrating the sources of CS degree produchftalcom et al. (2005) calls into
guestion the traditional path to an NIT career. &lutal evidence suggests that graduates
of degree programs such as Strayer and DeVry hargetk in fields directly related to
their course of study. That is one of the markesitngtegies of the institutions, and one of
the main reasons students enroll — to find a sipelyibe of job. Non-traditional entrants
to NIT careers, such as those highlighted by Freearad Aspray (1999) and Aspray
(2007), are typically older, more diverse, likebyhave had previous careers, and often
select CS programs with certainty based on reascaémllation and experience. CS
students at these institutions are making the inwest in these programs with the
specific intention of entering NIT careers. Thispifas that non-traditional students are
choosing NIT careers with more certainty than theiditional counterparts.
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This trend has significant implications for theoahition of resources targeted at academic
pathways to increasing the NIT workforce and imii@s to persuade students to choose
NIT careers. Perhaps computer science is suffigiahtferent from other science and
engineering disciplines that addressing NIT wor&éoneeds requires a new template. As
shown in Table 2.10, all of the top ten producdremgineering bachelor's degrees in
2001 were from “traditional” non-profit collegesdanniversities.

Table 2.10 Top Producers of Engineering BachelorBegrees (2001

Academic Institution Degrees Awarded
1 Pennsylvania State University, Main Campus
2 Georgia Institute of Technology 1,169
3 University of lllinois-Urbana Champaign 1,088
4 Purdue University, Main Campus 1,079
5 University of Michigan-Ann Arbor 1,036
6 North Carolina State University at Raleigh 982
7 Virginia Polytechnic Institute and State Univéysi 961
8 Texas A&M University Main Campus 895
9 University of California-Berkeley 750
10 University of Florida 749

Source: NCES

The significant production of CS degrees at forfiproocationally focused institutions

suggests that CS has a heavily vocational compoiiéet vocational dimensions of CS
distinguish it from the more traditional sciencedamngineering fields with which it is

commonly associated. This implies that strategeesnfluence the career choices of
young people through educational policies may riedae bifurcated — those focused on
career choice and educational pathways of traditistudents at traditional non-profit
institutions versus those focused on non-traditishalents at for-profit institutions.

As noted above, older students with prior careersther disciplines are more likely to
attend for-profit degree programs in computer smerrhis is an important transition
point for individuals from non-computing disciplgeto transition into computing
professions. While more traditional non-profit ihgions can also serve this purpose, it
appears that the flexibility, curriculum, and cuwéuof for-profit institutions is more
appealing to those looking to move into NIT careg@ergeting these individuals requires
targeting these transitions. The literature dodsdiszuss other pathways for individuals
to transition from non-computing to computing casee

2.2.2 Supply of NIT Workers from Traditional NIT Disciplines

Although many NIT workers do not have traditionadlTNJegrees, one must limit the
definition of supply in some way. Therefore, likeanly all studies of the NIT workforce
conducted in the past, we limit our discussionhw supply to students and faculty in
computer science and electrical engineering. Algiiothese groups do not comprise the
complete supply, they are a significant portiontleé supply and may serve as an
indicator of the overall trends. The end of thist&a provides a brief overview of the
supply of STEM workers who comprise the majoritytieg NIT workforce.
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Using NCES data, we estimate the number of NIT gasek in 2006 at the bachelor’s
level and above to be about 99,000. The numberest NIT graduates has been
declining since 2004 when it peaked at 116,000urféi.24 shows the supply of NIT
graduates broken out by field and degree level 836 through 2006.

Figure 2.24: Supply of Traditional NIT Graduates (1995-2006)
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The CPS data estimate that there were 78,000 niagarg 1 NIT jobs created between
2005 and 2006. This is 21 percent fewer jobs thannumber of new NIT graduates in
2006. However, a significantly larger number of dyrates would also be needed to
replace workers leaving the NIT workforce. For tl@ason, direct comparisons of supply
and demand based on these data are difficult. Henvéwvis clear that the number of US
students choosing traditional academic pathwayslTocareers has been declining. This
is occurring despite constant public appeals bgrem agencies and university and K-12
educators about the existing and increasing derf@anid workers and the increasingly
important need for computing competerityhese choices are also taking place in the
face of evidence presented in previous sectiortsutiemployment in NIT occupations is
low and the projected demand for workers in NITupations is growing faster than in
other fields.

2.2.2.1 Citizenship

Many studies on the science and engineering warkfbiave raised concerns about the
number of S&E graduates who are not US citiZéi#is is also a concern for the NIT
workforce. Most experts point to the fact that USdyate training programs are the best
in the world but they need more US students tandtt€igure 2.25 shows the fraction of
NIT graduates at the bachelor's, master’s, andadaktevel who are US citizens or
permanent residents.

8 Guzdial and Soloway (2003), Patterson (2005), ({g8an7)
8 NRC (2007)
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Figure 2.25: Fraction of NIT Graduates who are US @izens and Permanent Residents (1995-2006)
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We observe that the number of NIT graduates who Ufecitizens and permanent

residents has been declining since 1995 at neadgydevel. The fraction is the lowest

for doctorate recipients, among whom the fractidnU& citizens has dropped from

nearly 60 percent in 1995 to almost 30 percentd@62 The share of master's degree
recipients who are US citizens and permanent resdieclined from about 60 percent in
1995 to about 55 percent in 2006. The fraction agtar's recipients who are US citizens
and permanent residents declined through 2003 &0 5@ percent and then increased
over the period 2004-2006. The percentage of NIghbr's degrees awarded to US
citizens and permanent residents has been arouneré@nt from 1995 through 2006.

However, this fraction declined recently from 9Zqamt in 2002 to 85 percent in 2006.
The fraction of degrees granted to US citizens padnanent residents is important
because many government and defense IT jobs retg8reitizenship and there is a
concern about the supply of qualified individuats these jobs as the baby-boom
generation retires.

While a significant fraction of NIT doctoral degeeare granted to non-US citizens and
permanent residents, a large fraction of theseegegecipients remain in the United
States. About three-quarters of foreign nationateiving NIT doctoral degrees in 2000
remained in the United States in 2005. This istighest stay rate among all fields of
study, as shown in Figure 2.26.
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Figure 2.26: Percentage of Foreign NIT Doctoral Stidents Remaining in the US After Graduation
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While the data show that stay rates of foreign gadels have been relatively high,
Wadhwa argues that this trend may be reversingeaseived economic opportunity in
home countries (especially India and China) havelena more attractive for foreign

students trained in the United States to return dfSWhile this trend was identified

from non-random survey samples, combined with amtatdvidence, it identifies only

trends captured in official government statistica time lag.

2.2.3 Supply of Computer Scientists

It is helpful to look at the degree programs thatwl traditional NIT degrees separately
to get a sense of the issues facing these fields.slipply of computer scientists is well
studied by organizations such as the Computing &elseAssociation (CRA) and the
Association for Computing Machinery (ACM). Almodt data on data on the supply of
computer scientists show a declining interest m field. Figure 2.27 shows declining
interest in computer science at the high schodllbased on majors students reported on
the SAT exam.

8 wadhwa et al. (2009)
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Figure 2.27: Number of Students Indicating Computirg and Information Sciences as Intended Major
on SAT (2001-2007)
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The following sections look at the supply of CSdyrates at various levels of higher
education.

2.2.3.1 Bachelor's Degrees

The number of bachelor’'s degrees awarded in CSepek2004 and declined in every

year thereafter. NCES data estimate that nearlpOB0CS bachelor's degrees were
awarded in 2004 and that the number declined t®ubd,000 by 2006. However, the

number of degrees awarded is still significantiyht@r than the average annual number of
degrees awarded in the years before the peak (B6)3r the years 1995 through 2003).
The fraction of CS degrees awarded to US citizers @ermanent residents declined

from 92 percent in 2002 to 84 percent in 2006 hasve in Figure 2.28.

Figure 2.28: Computer Science Bachelor's Degrees Anded by US Institutions (1995-2006)
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More recent data on the number of CS bachelor'sedsgawarded are available from the
CRA’s annual Taulbee survey of institutions in theited States and Canada that grant
computer science Ph.D.s. These data show the saaleip degrees awarded in 2004
followed by an almost 50 percent decline by 2088;an be seen in Figure 2.29.

Figure 2.29: Computer Science BS Degrees Awarded WS and Canada by PhD Granting
Institutions (1994-2008)
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It is relatively easy to predict changes in the bamof CS bachelor’s graduates over the
next four years by looking at data on the intergiohincoming freshmen to major in CS.
Figure 2.30 compares the fraction of CS degreestegawith the fraction of students
listing CS as a probable major four years earl@@urrent data on the intentions of
freshmen to major in CS foreshadows a further decin the number of CS degrees

granted through 2009.

87 http://www.cra.org/statistics
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Figure 2.30: Percentage of Incoming College Freshme.isting Computer Science as their Probable
Major Four Years Previously Compared to Degree Prodction
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However, the CRA reports that in 2007-2008, enretits per CS department increased
for the first time in six year$.The number of CS majors and pre-majors grew 6.Gepé
from the previous year while the number of majarsng8.1 percerit. Additionally, at
Stanford University, the number of students takimgpductory computer science courses
increased by 20 percent in the 2008-2009 schoal.*y@hese trends indicate that the
drop in CS degree production observed since 200% b®a turning around. Some
hypothesize that this change is part of a broagedtfollowing the economic downturn,
where students’ career interests are shifting aWasn finance and consulting and
towards public service and scierite.

2.2.3.2 Master’s Degrees

The number of master's degrees awarded in CS ndatiled between 1996 and 2004.
Like bachelor’s degrees, the number of CS mastktgees awarded declined thereatfter,
from about 20,000 in 2004 to about 17,000 in 200Be percentage of CS masters
degrees awarded to US citizens and permanent résideclined from about 65 percent
in 1995 to a low of about 55 percent in 2003. Trattion recently increased to nearly 60
percent in 2006. Figure 2.31 shows the number ddtena degrees awarded and the
percentages awarded to US citizens and permargdengs from 1995 through 2006.

8 Zweben (2009)
89 Zweben (2009)
% Lohr (2009)
1 Lohr (2009)
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Figure 2.31: Computer Science Master's Degrees Awded by US Institutions (1995-2006)
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More recent results for CS degrees awarded in thieetd States and Canada from the
Taulbee survey show that the number of master'sredsgawarded has remained
relatively flat since 2006, as shown in Figure 2.32

Figure 2.32: Computer Science Master's Degrees Awded in US and Canada by PhD Granting
Institutions (1994-2008)
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2.2.3.3 Doctoral Degrees

The number of doctoral degrees awarded in commdmnce increased significantly
between 2004 and 2006. While about 900 CS doctvetee awarded each year between
1995 and 2004, 1,400 CS doctorates were award2806. However, there has been a
decline in the number of US citizens and permamesidents receiving these degrees,
from 50 percent in 2004 to 40 percent in 2006 hasve in Figure 2.33.
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Figure 2.33: Computer Science Doctoral Degrees Awded by US Institutions (1995-2006)
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The significant increase in the number of CS dates awarded has continued since
2006. Figure 2.34 shows the number of CS doctomtesded in the United States and
Canada through 2008, based on the Taulbee surtegeTdata show a doubling in the
number of CS doctorates between 2002 and 2008.

Figure 2.34: Computer Science Doctoral Degrees Awded by US and Canadian Doctoral
Institutions (1989-2007)
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Many have attributed the significant increase m tlumber of CS doctorates awarded to
an increase in the number of students choosing &€®hl programs after the dot-com
bust in 2001. There is currently a concern aboetaVailability of jobs for this influx of
doctoral students. However, after this wave of eiisl graduates, the number of CS
doctoral graduates is expected to fall.

92 Expert interviews
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2.2.3.4 Faculty

It is difficult to break out faculty data by acadenfield because the NCES Fall Staff
Survey does not include such a variable. Howewer Taulbee survey compiles statistics
on CS faculty, as shown in Table 2.11.

Table 2.11: Number of Computer Science Faculty atlD Granting Institutions in the US and

Canada
Actual Projected
Type of Faculty 2007-200¢ 2008-2009 2009-201(
Tenure-Track 4,390 4,575 4,774
Researcher 633 642 660
Postdoc 400 436 483
Teaching Faculty 353 421 467
Other/Not Listed 131 138 139
Total 5,907 6,212 6,523

Source: Zweben (2008)

According to these data, there were about 5,907aC3ty at Ph.D.-granting institutions
in the United States and Canada in 2007-2008. fihiber is expected to grow five
percent per year through 2010. The majority of gmswth is expected to be in the
number of postdocs and teaching faculty, with theber of tenure-track and researcher
positions still increasing but at a slower rateefEhis no data available on the number of
CS faculty at non-Ph.D.-granting institutions.

Estimating the number of computer science teacherthe K-12 level is even more
difficult than estimating the number of college lig. The NSF SESTAT database
reports 53,000 computer and mathematical scientis06 who report their primary
work activity as teaching. This includes both K-tEachers and professors in higher
education in both science and math. No further Katean is available. In 1999, Deek
and Kimmel reported that computer science course®fien taught by math or science
teachers® The 2007 CSTA survey discussed earlier sent sufeems to 13,000
individuals in the United States who defined theresgas computer science teachers. To
provide context, the Census Bureau reported in 208%there were 770,000 secondary
school teachers in the United States. It is likbBt many teachers who report themselves
as CS teachers also teach math or science. Asxpeet @xplained, “being a high school
computer science teacher is not a career.”

2.2.4 Supply of Electrical Engineers

While there is no survey of electrical engineeriii=) programs as there is for CS
programs, we can identify trends in EE degrees d&dafrom the NCES data. This
section looks at trends in the number of EE degaeemrded at various levels of higher
education.

% Deek and Kimmel (1999)
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2.2.4.1 Bachelor's Degrees

The number of bachelor’'s degrees awarded in etattengineering increased from 1998
through 2005 and dropped somewhat in 2006. Thaidraof EE bachelor's degrees
awarded to US citizens and permanent residentgeased slightly from 1995 through
2003 and declined slightly from 2004 through 20a@Bhough it remained close to 90
percent over this entire time period, as showniguie 2.35.

Figure 2.35: Electrical Engineering Bachelor's Degees Awarded by US Institutions (1995-2006)
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2.2.4.2 Master’'s Degrees

The number of master’'s degrees awarded in EE Hasvexl a similar trend to bachelor’s
degrees, increasing between 1998 and 2004 andidweeaasing from 2004 through 2006,
although the decrease has been more significanintster’s degrees. Over this time
period, the fraction of US citizens and permanesidents receiving EE master’s degrees
decreased from about 60 percent in 1995 to negrebfent in 2006. Figure 2.36 shows
these trends.
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Figure 2.36: Electrical Engineering Master’'s Degreg Awarded by US Institutions (1995-2006)
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2.2.4.3 Doctoral Degrees

As with CS doctoral degrees, there has been afisigmi increase in the number of EE

doctoral degrees granted over the past few yedrs. flumber of doctorates granted
increased from about 1,500 in 2002 to over 2,00Q006. This is consistent with the

explanation that NIT workers who could not find gohfter the dot-com bust went to

graduate school. However, it appears that the niyajof those who decided to attend

graduate school during that time were not US aiszer permanent residents. Figure 2.37
shows trends in recipients of EE doctoral degrems f1995 to 2006. The fraction of US

citizens and permanent residents receiving EE dalcttegrees decreased significantly
from about 55 percent in 1995 to below 30 percer006.

Figure 2.37: Electrical Engineering Doctoral Degreg Awarded by US Institutions (1995-2006)
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2.2.4.4 Faculty

There is little available information on the numlbéelectrical engineering faculty in the
United States. There is no equivalent of the CRFasllbee survey for EE. The NSF
SESTAT database estimates that, in 2006, there Ww@&@0 electrical and computer
hardware engineers who identified their primary kvactivity as teaching. This is the
only estimate available for the number of EE teeaxlie the United States. Since there
are few, if any, electrical engineering coursethatK-12 level, we can assume that these
teachers are all in higher education.

2.2.5 Supply of STEM Educated Workers

As discussed earlier in this section, STEM eduaaisoconsidered a key foundation for
NIT careers. In addition, we have seen that manly Workers obtained their highest
degree in STEM fields other than computer sciemgdextrical engineering. This section
presents a high-level overview of the supply of SMkorkers at both the K-12 level and
in higher education.

2.2.5.1 K-12 STEM Education

NIT courses are not part of the core curriculun® K-12 education and it is generally
thought that the pipeline of qualified NIT graduwmtmerging from the K-12 system are
those that are proficient in math and sciefié®hile the literature on the topic of K-12

science and math education is extensive and netttlirrelated to NIT, it is important to

look at key trends as K-12 science and math edutasi generally thought to be the
pipeline of students who are prepared for NIT caree

Education in science and math at the high scho@l leas been increasing since 1982
both in absolute and relative terms. Figure 2.38nshthe average number of Carnegie
units (a measure of student-teacher interacticm snbject area) for science and math in
absolute terms and as a fraction of total uniteezhrWe can see that exposure to math
and science increased in both absolute terms aadrastion of all exposure from 1982
through 2000.

% Klein (2006)
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Figure 2.38: Average Number and Fraction of Carneg Units Earned by Public High School
Graduates in Math and Science
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Average performance in math and science has atsaimed relatively constant over the
past few decades. Math scores on the National Assa® of Educational Progress
(NAEP) have either remained constant or increased the past three decades, as shown
in Figure 2.39. NAEP science scores have also matnged significantly between 1996,
when they were first collected, and 200The fraction of students meeting basic and
proficient math levels has been increasing at thant! &' grade level since 1990.

Figure 2.39: NAEP Math Scores (1973-2004)
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% Lowell and Salzman (2007)
% CRS (2008)
% http://nces.ed.gov/nationsreportcard/ltt/resultg@datmathinfo.asp
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While math and science scores may not have dectimedtime, many cite the declining
performance of US students in math and sciencediveldo other countries as a
significant concer® The results of the Trends in International Mathesaand Science
Study (TIMSS) are often cited among concerns ald@tstudent math and science
performance. Table 2.12 shows that US fourth grstelents rank eleventh among
students in thirty-six countries and US eighth gratiidents rank ninth among students in
forty-eight countries in math scores. The shadedntees have test scores that are
statistically (p=0.05) significantly higher than d8ores.

Table 2.12: TIMSS Mathematics Test Score Compariso(2007): Average=500
Grade Four Grade Eight

Country Country

Hong Kong Chinese Taipei
Singapore 599 Republic of Korea | 597
Chinese Taipei 576 Singapore 593
Japan 568 Hong Kong 572
Kazakhstan 549 Japan 570
Russian Federatio| 544 Hungary 517
England 541 England 513
Latvia 537 Russian Federation 512
Netherlands 535 United States 508
Lithuania 530 Lithuania 506
United States 529 Czech Republic 504

Source: TIMSS (2007)

Another commonly used international comparisonket2 math and science students is
the Programme for International Student Assessifl®A). On the most recent (2006)
PISA assessment, US 15-year olds ranked belowH&t cbuntries in math and 23 other
countries in science among the 30 OECD countti€ee US ranking in math remains
low (25" even when looking at the average scores of tojpmeers. While statistics like
these are often used to argue for the inadequattyedf S math and science education in
the United States, the PISA data reflect not omytlee educational system but also on
broader societal trends. As noted by PISA reseascH# cannot automatically be
inferred that the schools or particular parts ef ¢éducation system in the first country are
more effective than those in the second. Howevae, @an legitimately conclude that the
cumulative impact of learning experiences in thst ftountry, starting in early childhood
and up to the age of 15 and embracing experienotisib school and at home, have
resulted in higher outcome¥?”

Overall, the United States is not highly ranked agh®ECD countries in K-12 math and
science test scores. Given the US position in kbieadj economy, it is not unreasonable to
expect the United States to rank higher in math soience given that those skills are
expected to be necessary to retain a competitige adthe futuré?* Although many use

these data to argue that the United States isigabehind in math and science, Lowell

% McKinsey and Company (2009)

% McKinsey and Company (2009)
199 owell and Salzman (2007), p. 15
191 Murray (2008)
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and Salzman argued: “Rather than concluding thatUhited States is behind in the

world, it would be more accurate to conclude that test results show the United States
is not the highest performing nation in any singgeence or math test, but it is one of a
very few nations that consistently rank above theernational average in tests of

academic performance ... and the United States isobriee few that show consistent

improvement over time across grades and subjé&étd/hile comparing average test data
paints a bleak picture of US competitiveness inhnaatd science, these data come with
many qualifications to carefully consider.

2.2.5.2 Supply of STEM Workers in Higher Education

While about half of NIT workers have degrees irditianal NIT disciplines, more than
three-quarters have STEM degré&€3.he number of STEM degrees awarded each year is
many times the number of NIT degrees. There wemtab24,000 STEM degrees
awarded in 2006 at the bachelor’s level and higagrshown in Figure 2.40; 18 percent
of STEM degrees awarded in 2006 were in NIT fiedtistudy.

Figure 2.40: Total STEM Degrees Awarded (1996-2006)
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The number of STEM degrees increased at an avaragel rate of two percent between
1996 and 2006. The annual number of degrees awamed more rapidly in 2003 and
2004, at seven and five percent, respectively, thdid over the rest of this time period.
In the period in which we identified a decreasdeha number of NIT degrees (2004-
2006), the number of STEM degrees continued to grbav rate of two percent per year.

192 owell and Salzman (2007), p. 14

193 The National Science Foundation defines STEM figtdmclude: Aerospace Engineering, Agricultural

Sciences, Anthropology, Area and Ethnic StudiestoR®my, Atmospheric Sciences, Biological Sciences,
Chemical Engineering, Chemistry, Civil Engineeri@pmputer Science, Earth Sciences, Economics,
Electrical Engineering, Engineering Technologiegalkth Technologies, History of Science, Industrial

Engineering, Interdisciplinary or Other Sciencesguistics, Materials Engineering, Mathematics and
Statistics, Mechanical Engineering, Oceanographihpe©OEngineering, Other Physical Sciences, Other
Science and Engineering Technologies, Other Sdeidénces, Physics, Political Science and Public
Administration, Psychology, Science Technologies, Sociology.
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Therefore, although there has been a decreases inummber of NIT graduates for NIT
careers, the number of STEM graduates continugsota.

At the bachelor's degree level, the number of STH&free recipients has steadily
increased since 1996 at an average rate of twe@pgras shown in Figure 2.41. The rate
of growth in STEM bachelor's degrees awarded in@0d 2004 was six and three
percent, respectively, the greatest period of dgnoowter this time period. In 2006, there
were 473,000 STEM bachelor's degrees awarded, ahaB8 percent were NIT degrees.
The fraction of STEM bachelor’s degree recipient®were US citizens and permanent
residents remained relatively constant from 19980@6 at about 96 percent.

Figure 2.41: STEM Bachelor's Degrees Awarded and Feign Degree Recipients (1996-2006)
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At the master’s degree level, the number of STEGree recipients grew rapidly in 2003
and 2004 at nine and ten percent, respectivelytlamdleveled off with nearly no growth
in 2005 and 2006, as shown in Figure 2.42. In 28@&e were 120,000 STEM master’s
degrees awarded, of which 23 percent were NIT @sgrehe fraction of STEM master’s
degree recipients who were US citizens and perntaremidents decreased from 77
percent in 1997 to a low of 70 percent in 2003 dnath rebounded to about 75 percent by
2006.
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Figure 2.42: STEM Master's Degrees Awarded (1996-2@)
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At the doctoral level, the number of STEM degreearded decreased slightly between
1996 and 2002 and then began increasing at an lamea@f about seven percent in 2005
and 2006. In 2006, the number of STEM doctoral degrawarded was about 30,000, of
which 13 percent were NIT degrees. The fractio® DEM doctoral recipients who were
US citizens and permanent residents increasedtlgligbm 1996 through 2000 and then
decreased from about 69 percent in 2000 to abope6&ent in 2006.

Figure 2.43: STEM Doctoral Degrees Awarded (1996-28)
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Some of the trends in NIT degrees are visible iEMTdegree trends; most salient is the
drop in the percentage of US citizens and permamsidents receiving doctoral degrees.
The key difference is that while the number of Nd@grees awarded decreased from
2004 through 2006, the number of STEM degrees atdacdntinued to grow. The 2008

version of Science and Engineering Indicatopuiblished by the NSB contains much
more detail on the STEM pipeline and workfoite.

104 NSB (2008)
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2.3 NIT Labor Market Dynamics

We have seen data on both the supply and demandIfoprofessionals. Many of the
previous studies on the NIT workforce attempteddsess whether there was a shortage
of NIT workers or tightness in the NIT labor markét These are very difficult
assessments to make as they depend on the definagioshortage and tightness. Some
economists argue that there cannot be a shortalyérovorkers because the market will
always balance supply and demand by increasing svage drawing more people into
the field. One problem with this argument is tha¢ educational pipeline is long and
there may be a supply delay in response to inargagemand (especially for category 1
NIT workers). Other types of shortages can be dhtaraed by the Social Demand
Model, which defines a shortage by whether theeeagarmany NIT workers as is socially
optimal®® However, defining what is socially optimal is sedtjve. Nonetheless, it is
almost always the case that there are spot sheriaggome region or occupation as it
often takes time for supply to adjust in respormsdemand. Examining indicators of the
NIT labor market provides some evidence on thesiathe NIT labor market.

2.3.1 Matching Supply and Demand

As recently as 2008, some have argued that theaesiwortage of IT workef§'We do
not find any convincing evidence in either direntes to whether there will or will not be
a shortage of NIT workers over the next decade.h@éilee seen that the demand for NIT
workers is expected to increase substantially tvemext decade. At the same time, we
observe declines in the number of graduates wattlittonal NIT degrees. However, this
decline has been occurring for some time and tiengo direct indication of recent
shortages in the NIT workforce. In addition, onlftof NIT workers have NIT degrees.
The majority of NIT workers have STEM degrees arelhave seen that the number of
STEM degrees awarded has been increasing. Figddeshows the annual number of
projected NIT job openings relative to the numbleNBr and STEM degrees awarded in
2006.

195 Most recently: Luftman and Hira (2008)
1% Barnow et al. (1998), p. 8
197 Chabrow (2008)
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Figure 2.44; Annual Degrees and Job Openings in NI&nd STEM Fields
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Looking at the raw data, we see that if all NIT ekegrecipients entered NIT careers,
there would be a shortfall of 28,777 NIT workershiése degree recipients were the only
source of workers. However, not all NIT workersegnNIT careers. NCES (2008a)
estimates that the fraction of CS degree recipien@S careers one year after graduation
(in 1994) was 46 perceift. Assuming this is the rate of NIT career entry XdT degree
recipients in the future, there would be about 82,8ew openings each year that must be
filled by non-NIT degree recipients. We used NSFS3ET data to calculate that seven
percent of non-NIT STEM degree recipients were I bccupations in 2006. Assuming
this is the rate of NIT career entry for non-NITEM degree recipients, there would be
about 45,947 openings each year (36 percent aipathings) that must be filled by non-
STEM degree recipients. This is much higher tham lkstorical rate of non-STEM
degree holders in NIT careers, which was about @&ent at its highest in 2003.
However, these calculations are making some kayngssons. First, not all openings are
filled with new graduates as people move into NEEupations from other fields over
time. NCES (2008a) shows that the fraction of ndi=® degree holders moving into
NIT careers increases in nearly every degree éslthdividuals progress in their careers.
Second, the NIT career entry rates we assumedoifNiT STEM degree holders were
for the overall workforce and not for graduatessipossible that new non-NIT STEM
graduates enter NIT careers at a rate higher #nenspercent. The feedback loops in the
NIT labor market also make it difficult to projestipply and demand into the future. The
entry and exit rates are likely to change with sygmd demand, as the labor market is a
dynamic system that tends towards equilibrium ltgnonever reaches it. In addition, the
BLS warns against trying to estimate shortagesguieir demand projections because
their models assume labor market equilibridin.

198 \nve used NSF SESTAT data to estimate that theidraof NIT degree recipients in NIT careers in 2006
across all ages was 42 percent.
19BLS (2007)
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2.3.2 NIT Labor Market Indicators

There are a number of other indicators we can exama learn about the state of the NIT
workforce. Previous studies of the NIT workforceéeof looked at two indicators of the
attractiveness of NIT occupations: earnings andmybeyment. We find that NIT
earnings have been high relative to other occupstand that unemployment has been
generally low except during the early 2000s follogvithe dot-com collapse. NIT labor
market indicators reflecting the current econongwdturn are not available.

2.3.2.1 Earnings Levels

In 2007, the average median weekly earnings faatagory 1 NIT worker were $1,321.
Median earnings for NIT occupations ranged fromow lof $1,039 per week for
networking systems and data communications analgsis high as $1,553 for computer
and information systems managers, as shown in Pabg

Table 2.13: NIT Occupation Earnings Comparison

Occupation 2007

Computer systems analysts and scientists 1,173
Computer programmers 1,237
Electrical and electronics engineers 1,454
Computer software engineers 1,455
Computer hardware engineers 1,324

Network systems and data communications ani | 1,03¢
Computer and information systems managers 1,553

Average for category 1 NIT workers 1,32]
Average for professional occupations 951
Average for all workers 695

Source: Current Population Survey

Compared to the average median weekly earningsprfofessional occupations, the
earnings for category 1 NIT workers were 39 perdaigher in 2007. Earnings for
category 1 NIT workers were 90 percent higher tthenaverage median earnings for all
workers.

A more apt earnings comparison can be made beteategory 1 NIT workers and all
workers with a bachelor’'s degree or higher. The BEBdatabase contains earnings data
for these groups. Figure 2.45 shows the distrilbutibworkers across earnings ranges in
2006 for NIT occupations compared to all occupaiafvhen compared with all workers
holding bachelor's degrees or higher degrees, there higher fractions of NIT workers
earning annual salaries in the $60,000-$120,008erand lower fractions at the very low
and high ends of the salary distribution.
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Figure 2.45: Annual Earnings Comparison: NIT vs. Al Workers (2006)
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The average annual salary for a NIT worker in tAB@&2SESTAT dataset was 17 percent
higher ($79,000) than the average for all work&6(000).

2.3.2.2 Changes in Median Earnings

Since 2003, the real median weekly earnings for WoFkers remained relatively flat as
they have for both professional occupations andiatkers, as shown in Figure 2.46.

Figure 2.46: NIT Occupations Real Earnings TrendsZ003-2007)
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Many previous studies of the NIT workforce used esanings growth as a measure of
the supply-demand balance in the NIT workforce.reenists often use increases in real
wages as indications of a shortage. Figure 2.4Wshbe percentage change in real
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earnings for category 1 NIT workers, professionatkers, and all workers between 2004
and 2007.

Figure 2.47: Changes in NIT Occupation Real Earning (2004-2007)
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In 2004, the real earnings of NIT workers and sienal workers grew at about 1.7
percent while the earnings of all workers grew .4tfercent. In 2005 and 2006, the real
earnings of all workers declined. The real earninfsll workers and NIT workers
rebounded and grew by 1.3 percent and 0.6 pernsespgectively, while the real earnings
of professional workers declined by 0.3 percenter@W, the fluctuations in real earnings
do not appear to help in determining the statehefNIT labor force. Choosing a single
year comparison can lead to specious conclusiocguge the nominal changes and the
rate of inflation are of nearly the same magnitutteerefore, we cannot say whether real
earnings provide any indication of the state of Mi& labor market. However, some
experts argue that there are shortages of NIT weikethe United States but their wages
are being held down due to offshoring of NIT waokcbuntries with lower wages.

2.3.2.3 Unemployment

Unemployment is another indicator commonly usefltipe the state of a labor market.
The unemployment data provided by the BLS do ncitige detailed labor categories so
we can only look at the unemployment rate in the broad categories that include NIT
occupations: computer and mathematical occupatmasarchitecture and engineering
occupations. Since 2003, both of these occupaticat@igories have had unemployment
rates lower than the rate for all workers. As shawhigure 2.48, the unemployment rate
for architecture and engineering occupations wglkdrithan for professional occupations
in 2003 but dropped below the unemployment ratgfofessional occupations in 2004-
2007. The unemployment rate in computer and matteahaoccupations was
approaching that of all workers (six percent) i©20However, it dropped significantly
to nearly two percent in 2007, matching that off@ssional occupations.
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Figure 2.48: NIT Occupations Unemployment Rate Comgrison (2003-2007)
7% - = All Workers

= Computer and mathematical occupations

6% - - Professional Occupations

- Architecture and engineering occupations

5% -
4% -

3% -

Unemployment Rate

2% -

1% -

0%

2003 2004 2005 2006 2007

Source: Current Population Survey

2.3.2.4 Lack of Highly Skilled Workers

Many reports and experts expressed concern abegugply of “highly-qualified” NIT
workers:'® Industry experts almost unanimously identifiecekl of “highly-skilled” NIT
workers who not only have programming and desigltsgbut also soft skills such as the
ability to work in teams. As high quality workerseaalways in high demand, they are
likely to remain in high demand. Most reports addneg this issue argued that action
should be taken. A recent report on the IT R&D gstean recommended that “To build
the skilled workforce that it will need to retairgh-value IT industries, the United States
should invest more in education and outreach iivea to nurture and grow its IT talent
pool.”*** Most studies on the S&E workforce issue drew smitonclusions. Some
experts raised concerns about the quality of NITkers without NIT degrees. They
argued that while these individuals are able td jobs, they are not properly prepared to
succeed in NIT careers and put their firms at adliantage compared to others who are
able to staff their positions with individuals pessing NIT degrees. There is no literature
comparing the skill levels or achievements of the#é and without NIT degrees in the
NIT workforce.

Lastly, some experts expressed concern about #ite st the labor market for older IT
workers. This was a focal point of the 2001 NRCdgton the IT workforcé;? which
found little conclusive evidence either way. Then@ern was that older workers were
more likely to have lower wages and higher unempleyt as firms choose to hire
graduates with the latest skills rather than inuesétraining existing workers.

2.3.2.5 Recent Economic Downturn

In considering the future demand and supply, &$® important to keep in mind that the
recent economic downturn is likely to slow growth NIT occupations relative to the

10 Robert Half Technology (2008a)
HINRC (2009), p. S-7
H2NRC (2001)
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BLS projections® Wired magazine has been tracking the number bhteogy workers
laid off due to the recent economic downturn. FegRr49 shows the cumulative number
of technology workers laid off between Septemb&&and March 2009. About 250,000
technology workers have been laid off as of laterdla2009. Wired magazine’s
definition of a technology worker is broad and hlkecludes both category 1 and 2 NIT
workers as well as workers outside of NIT occupatiavorking in NIT firms.

Figure 2.49: Cumulative Number of Technology Workes Laid off (2008-2009)
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These layoffs are in part caused by decreasing uiérioa IT services. Forrester Research
estimates that US purchases of computer equipnesreadsed by four percent in 2008
and are expected to decrease by six percent in. Zi@8lar trends are forecasted for
communications equipment and IT consulting andesystintegration services. However,
Forrester Research predicts growth in all of trsesgors in 2010°?

Another indication of the weakening NIT labor markestarting salaries. In early 2009,
the National Association of Colleges and Employesorted that starting salaries for
undergraduate computer science majors decreas8dblpercent in 2009 to $57,698.
This was driven primarily by an 11 percent decimstarting salaries for software design
and development positions. Despite the economic ntlow, starting salaries for
undergraduate computing engineering graduatesasece1.8 percent to $61,017 in 2009.
Starting salaries across all undergraduate majere \down 2.2 percent to $48,515 in
2009.

It is also important to consider how recent cowdisi will affect students’ career choices
and their perceptions of NIT careers. As one inésvee stated: “For kids in their early
twenties, hearing that Microsoft is laying off ikd hearing that the sky is falling.” All

13 gchwartz (2008)

1 hitp://blog.wired.com/business/2008/10/the-wiredederhtml
15 Forrester Research (2009)

18 NACE (2009)
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agree that professional NIT occupations will undedly remain essential in the
economic recovery, but it remains to be seen wilachdemic disciplines and career
options over the next several years will emergadaitional rivals to NIT careers in the
minds of young people. Lastly, some experts poirtet that the recent economic
downturn may lead to an increase in offshoring esyganies trim expenses. Some
evidence exists of jobs being offshored during réeession but it is difficult to assess
whether this would have been the case otheri¥ise.

2.4 Access to Foreign Talent

A significant amount of the literature concernihg INIT workforce discusses the role of
foreign workers. Foreign workers are discusseavim ¢ontexts: foreign workers working
in the United States on visas and foreign workeiaglwork for US companies abroad,
often referred to as offshoring. There is a sigaifit debate about the need for and effect
of foreign workers. The following two subsectionsk at these issues.

2.4.1 Foreign Workers in the United States

The H1-B visa is the traditional immigration toded by US firms desiring to hire high-
skilled foreign workers to work in the United St his visa allows the worker to work
in the United States for up to six years. The woreeeiving the H1-B visa must have
skills in a “specialty occupation” requiring “botheoretical and practical application of a
body of highly specialized knowledge ... and attaintnef a bachelor's degree or
higher."*®* The US Congress places a limit on the number of IH&-B visas that can be
issued every year. When the H1-B visa was creatd®90, the cap was set at 65,000. In
response to a concern about shortages in the Ikferoe;*® Congress raised the cap to
115,000 in 2000 and later to 195,000 in 260The cap reverted back to 65,000 in 2004.
Also in 2004, an exemption was provided to allowORO additional foreign workers
with master's degrees and higher to enter the dr@ates under the H1-B program.
Therefore, as of 2008, the effective H1-B cap wa®@). Figure 2.50 shows the size of
the H1-B cap, H1-B issuances, and an estimateeofithB population between 1990 and
2008.

17 Mishra (2009)

U8 NRC (2001), p. 161

19 CRS (2001), Reinert (1998)
120 Matloff (2003)
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Figure 2.50: H1B Visa Cap, Population, and Issuansg(1990-2008)
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The total population of H1-B workers expanded tarhe0.5 million workers by 2008.
Not all of these workers were in NIT occupationfieTmost recent estimates of the
occupational breakdown of H1-B admissions are @ifi52 Table 2.14 shows the top five

admitted occupations, of which three are NIT octiopa.

Table 2.14: H1B Admissions by Occupation

Occupation Percentagt
Occupations in Systems Analysis and Programming 38%
Occupations in College and University Education 8%
IAccountants, Auditors and Related Occupations 5%
Electrical/Electronics Engineering Occupations 4%
Computer-Related Occupations 4%

Source: USCIS (2006)

Systems analysts and programmers, electrical amdtrehic engineers, and other
computer-related occupations comprised 46 perdeHtLeB admissions in 2005. This is
consistent with earlier studies indicating that BB visa is utilized primarily for NIT
workers. If we assume that 50 percent of the HleButation is NIT workers, then we
estimate the number of H1-B workers in the Unit¢ates to be about 250,000 in 2008.
This is about seven percent of the category 1 Ndfkirce estimated using CPS data.

The largest proportion (34 percent) of H1-B adnoissicome from India with more than
five times as many admissions as the next couatryshown in Table 2.15. Canada and
the United Kingdom are the next most representedicies, followed by Mexico, China,

Japan, France, Germany, and South Korea.

121 Data beyond 2000 are estimates only.
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Table 2.15: Home Country of H1B Admissions

Country Percentage of Admissions

India 34%
Canada 6%
United Kingdom 6%
Mexico 4%
China 494
Japan 3%
France 3%
Germany 3%
South Korea 2%

Source: US DHS (2007)

The H1-B program requires at least a bachelorsededor admission. Almost half of
H1-B admissions have only a bachelor’'s degreepagh this number declined from 50
percent in 2002 to 45 percent in 2005. This deeregsurred at the same time as the
increase in the fraction of H1-B admissions withsteds degrees, which grew from 30
percent in 2002 to 37 percent in 2007. In 2005 fthetion of doctoral degrees decreased
as the fraction of professional degrees incredsigdire 2.51 shows trends in the fraction
of H1-B admissions by educational qualification.

Figure 2.51: Percentage of H1B Admissions by Highekevel of Education (2002-2005)
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There have been a significant number of studieshenimpact of the H1-B program.
Some argued that H1-B workers have a negative impadomestic workers. In 2003,
Matloff argued that the H1-B program displaces Aigger workers, lowers wages, and
discourages on-the-job trainiff§He also argued that the program has a dispropeaitio

effect on older workers. In 2000, Salzman found tk&1B workers in jobs requiring

lower levels of IT skill received lower wages, lessnior job titles, smaller signing
bonuses, and smaller pay and compensation incrédzmesvould be typical for the work

122 Matloff (2003)
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they actually did.”” However, in 2003, Zavodny found that the preseoteH1-B
workers has no effect on the earnings of domestikers!** Others argued that the H1-B
program has positive impacts such as spurring iatav. In 2008, Kerr and Lincoln
found that the presence of H1-B workers increasgésnping and argued that they benefit
the US economi?”® Others argued that H1-B workers create jobs. 1682@®ill Gates
testified to the US Congress that “Microsoft hifesr additional workers to support each
H1B worker hired.** The National Foundation for American Policy (NFARs made
similar arguments?” Miano debated these claim¥.In 2009, legislation is being
proposed to increase oversight and enforcemeiiteoHL-B program. Such legislation is
supported by IT workers groups such as the ProgexsirGuild but was opposed the last
time it was proposed by the corporate interest g@ompete Americ&?

Overall, there is great debate about the impacaraf need for the H1-B program.
Obviously, any expansion of the supply of workerssh as H1-B recipients, in the short
run means more competition for jobs and reducedesia@/hat is less clear, given the
complex feedback loops in the labor market, arddhg-term effects. On the one hand,
lower wages and increased competition for jobs malte the field less attractive for US
citizens to enter the job market. On the other hémel ability of employers to hire may
lead to an expansion of the industry, and, in ¢img Irun, increase jobs for US citizens.

In 2008, the population of H1-B NIT workers compdsonly about 15 percent of the
overall NIT workforce. While it is an important cogrn, the number of H1-B workers is
significantly smaller than estimates of the numbkworkers threatened by offshoring
discussed in the next section. In interviews, maxyerts also noted that offshoring has
replaced H1-B visas as the key concern relatindoteign workers facing the NIT
workforce.

2.4.2 Offshoring

Offshoring is defined by the NRC as “the transfemork previously performed in the
United States to affiliated and unaffiliated emttiabroad:*° Offshoring has become an
increasing concern to US policy makers over the feas years, especially in 2003-2004
when news reports surfaced of companies simultahe@xpanding abroad and cutting
staff in the United States. Hira argued that theseds are continuing in 2009 without as
much media attentiofi! Offshoring is particularly a concern in the NITdirstry where
offshoring was first observed for hardware manufasg and then in software services.
Experts have cited two main reasons for offshoriegtucing costs by hiring cheaper
labor and accessing taléfitinterviewees from industry commented that thetioral for

123 3alzman (2000)

124 7avodny (2003)

125 Kerr and Lincoln (2008)
126 Gates (2007)

127 NFAP (2008)

128 Miano (2008)

129 Herbst (2009)

BONRC (2008), p. 7

131 Hira (2009)

132 Expert interviews

-71-



offshoring was typically a combination of these tfemtors. They explained that it is
easier to find highly qualified US workers in haahe& areas than it is in software-related
areas. Therefore, most of the current growth isladfing is seen in software and services.
Table 2.16 shows the average annual salary of ctanguogrammers from different
countries in 2002. Computer programmer salariesewagnificantly lower in many
countries outside of the United States.

Russian Federation $6,250 9%
Poland and Hungar $6,400 9%
Philippines $6,564 9%
Malaysia $7,200 1090
India $8,44( 12%
China $8,952 13%
Israel $26,500 38%
Canada $28,174 40%
Ireland $28,500 41%
United States $70,00 1009

Source: Garner (2004)

There are many potential offshoring locations fo firms. The choice of location
depends on the type of the work to be done. Tall€ Hsts a number of popular
offshoring locations compiled in a recent reportblmhed by the Association for
Computing Machinery (ACM)¥

Table 2.17: Main Destinations for IT Offshoring Sewices by Strategy
Strategy Principal Examples = Others

Cost and Capacity China Malaysia
India
Language Skills Philippines South Africa
Mexico Tunisia
Costa Rica Morocco
India Senegal
Madagascar
Mauritius
Nearsourcing Canada Ukraine
Poland Belarus
Czech Republic Romania
Hungary Latvia
Slovakia China
Special High-End Skills | Israel China
Ireland India
Australia Russia
United States

Source: ACM (2006)

133 0ne expert discussed the increasing use of “rmaci®g,” moving jobs to rural areas of the United
States where labor costs are lower. This requibgsmment investment in bandwidth.
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China and India are two of the most common offsigriocations discussed in the
literature. This has been primarily due to the wwduof work offshored to these locations
because of the large populations of these countHesvever, these countries are also
now considered attractive locations for R&D. Suvéy both the Economist magazine
and the United Nations Conference on Trade and IDpreent found that India is the

most popular choice for R&D site selection worldevidllowed by the United States and
China!** Recently, the offshoring industry in Israel hasmgrowing rapidly in the areas

of security and elsewhere where strong intellecpraperty is important. Table 2.18

compares some statistics on the IT export indisstoe a selected group of countries in
2003.

Table 2.18: Comparison of Offshoring Locations

Canada Ireland Israel  Philippines South Africa
IT export industry size (US $, million) 8,955 3,78p 1,940 90d 640 96
Active export focused IT professionals 195,000 45,040 21,00015,00 20,000 2,00(
IT employee cost (US$, per ygar000-12,000 36000 25,000-35,000 H] 7,000 1800(

Source: NASSCOM (2003)

In 2003, India had the largest offshoring industth nearly 200,000 workers, more than
four times as large as the next largest countryhanlist. Canada also has a significant
NIT export market, as does Israel. In 2005, Freeargned that the emergence of China
and India in the global economy has doubled the sizthe global workforce and that

this will drive down wages in both developed andealeping countries®

One of the major problems in assessing the effiectfehoring on the US NIT workforce
is the lack of consistent data. In 2008, the NRGntbthat “More and better data on
offshoring and other issues .... such as the effentshe engineering workforce and
engineering education, are necessary for discerovmegall trends. As has been pointed
out in other recent report$,better US and international statistics on tradgeirvices and
employment would give us a much better grasp oitktesnds.™’ The trade balance can
be measured at many different levels includinggimods versus services, and by types of
services. Figure 2.52 shows the balance of tradéh&®United States between 2001 and
2008 in all goods, all services, and two speciffies of services, derived from Bureau of
Economic Analysis (BEA) data. Computer and infororatservices are a subset of
business, professional, and technical services.séethat while the trade balance in
goods has been negative and declining since 20@lirade balance in all services and
business, professional, and technical servicesbban increasing. The trade balance in
computer and information services was positive f2001-2004 (average $393 million)
but was negative over the time period 2005-200@r&ye -$2.1 billion).

134 Hira (2009)

135 Freeman (2005)

136 5ee GAO (2004)
13" NRC (2008), p. 2
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Figure 2.52: Trade Balance in NIT Areas
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Many have called into question the BEA estimatedrafle in services. A common
example is the difference in the estimates of tiadgervices between the United States
and India’*® Figure 2.53 compares estimates from the BEA amtlalm NASSCOM
industry group for trade in business, professioaald technical (BPT) services. The
numbers on the left compare the BEA estimate ofontsp from India with the
NASSCOM estimate of Indian exports. Many reportgehaited this difference as an
important example of the lack of good data on affsig.'* However, the BEA contends
that once the data are adjusted to use the sanmitidef, the differences are less evident,
as shown in the adjusted data on the right.

Figure 2.53: Inconsistency in US/India Estimates ofrade in Services

$7

$6 -

$5 -

Dollars in Billions

$2 -

$1 -

$0

$4 1

$3 -

Published Data on Trade in

Adjusted Data on Trade in

138 GAO (2005)

139 GAO (2005), ACM (2006), NRC (2008)
140 hitp://faq.bea.gov/cgi-bin/bea.cfg/php/enduser/astih.php?p _fagid=324&p created=1163013475

BPT Services BPT Services
$6.5
$1.9
$1.0
| .
U.S. Imports (unaffiliated) Indian Exports U.S. Imports Indian Exports (low Indian Exports (high
(unaffiliated+affiliated) estimate) estimate)

Source: BEA™

-74-



While there is an ongoing debate about these spdciide data, all recent studies that
looked at outsourcing concluded that there is ttemtack of good data availabté.The
lack of good data presents significant hurdleslémtifying trends in NIT offshoring.

Overall, the NRC found that “there has been mudiatieover how many US IT jobs can
and will be sent offshore. Methodologies for sutddies are complex and inconsistent
... Trying to match up projected ‘offshorable’ jolzsduitable labor supply in developing
countries is like gazing into a crystal bat’A similar finding was expressed by a 2006
ACM panel looking at the globalization and offsimgriof software: “While offshoring
will increase, determining the specifics of thicrease is difficult given the current
guantity, quality, and objectivity of data availablSkepticism is warranted regarding
claims about the number of jobs to be offshored #wedprojected growth of software
industries in developing nation§?

Even given the ACM finding, it is worth presentisgpme of the projections about
offshoring to give a sense of what its effeotuld be. Many different organizations have
attempted to estimate the potential effect of adfsig. The 2006 ACM report compiled
some of these estimates, which are shown in Tabhi 2

141 GAO (2004), GAO (2005), ACM (2006), Sturgeon (2RAGAPA (2006), NRC (2008), Hira (2009)
142NRC (2008)
143 ACM (2006), p. 10
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Table 2.19: Estimates of the Effect of Offshoring

Source
Estimates of Recent Offshoring

Measure

Estimate

Evalueserve (2004)

IT jobs offshored year endedcMa
2004

r 212,000 (60% to India)

Meta Group (2004 Annual IT Staffing
and Compensation Guide)

US companies using offshore labo
in software

19%

Seeley (2003) Jobs lost in 2002 in the US softwarg0,000 (compared to
services sector 146,000 the year before)
Seeley (2003) Jobs lost in 2002 in the US softwarg50,000
industry
Associated Press (2005) Jobs lost in the US ITos&arch | 403,300
2001 to April 2004
Bajpai et al. (2004) Percentage of companies the¢ h | 25%

not exclusively of US companies)

offshored work (survey is mostly but

Bajpai et al. (2004) Percentage of companies the¢ h | 79%
already or plan to offshore work

Estimates of Workers Vulnerable to Offshoring

Bardhan and Kroll (2003) US workers in service jokist,000,000
vulnerable to offshoring

Atkinson (2004) US IT jobs vulnerable to offshoring 12,000,000

Projections of Offshoring

Pink (2004)

year for the foreseeable future

Service jobs leaving the US eac00,000

Prism (2004) meta-analysis

Percent of IT jobs fash US over
the next five years

7% to 8%

Forrester (2004) report cited in GA
(2004)

OUS service jobs that may mo
offshore

3,300,000

Goldman Sachs (2003 report cited
GAO 2004)

iervices and manufacturing jobs Ig
over coming decade

dtyp to 6 million jobs

Evalueserve (2003)

All jobs lost 2003-2010

1.3imillworst case

Evalueserve (2004)

Total jobs offshored in IT amah-n
IT business process operatio
(BPO) in 2010

775,000 IT jobs
n4,414,000 non-IT BPO jobs

Shaw Quoted in McDougall (2005)

IT jobs moving bffse in 30 years

30% of IT jobs offshore within 2
30 years

Gartner quoted in McDougall (2005)

Percent of USjdbs offshored in

Will increase from 5% in 2005 t

2005 and 2015

30% in 2015

Source: ACM (2006)

These estimates vary widely and estimate differeffiects. A widely cited 2005
McKinsey Global Institute (MGI) study concluded tludfshoring was more prevalent in
the IT sector than in any other sectéit also estimated that the theoretical maximum
number of jobs that could be offshored is aboupdetent of total industry employment.
However, MGI predicted that only about 13 perceould be offshored due to barriers
such as management attitudes, business proceszbilyit scale, and intellectual

property protection.

144 MGI (2005)
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In 2006, economist Alan Blinder argued that whiltee tUnited States has not yet
experienced a significant amount of services offislgy the pace of offshoring may
accelerate in the future and affect workers atesiéls of educatiorf® In 2007, Blinder
estimated the vulnerability to offshoring of each the BLS standard occupation
categories and found that nearly all STEM occupati(B5 of 39) are “offshorable” and
many are “highly vulnerablée? Of the top ten major occupations (those with ntbemn
300,000 workers) that ranked highest in Blindendeix of offshorability, five were NIT

occupations, as shown in Table 2.20.

Table 2.20: Top Ten Occupations Ranked by Offshoralit

Occupation Offshorability Index Number ~ Number of Workers

Computer Programmers 100 389,090
Telemarketers 95 400,860
Computer Systems Analysts 93 492,120
Billing and Posting Clerks and Machine Operators 90 513,020
Bookkeeping, accounting, and Auditing Clerks 84 15,840
Computer Support Specialists 92 499,860
Computer Software Engineers, Applications 74 455,98
Computer Software Engineers, Systems Software 74 3220
Accountants 72 591,311
Welders, Cutters, Solderers, and Brazers 70 358,050

Source: Blinder (2007)

While most studies explored the negative impactsftsghoring on the US workforce,
ITAA (2004b) argued that the use of offshoring lesvenflation, increases productivity,
and lowers interest rates. ITAA argued that thesates more jobs than it displaces and
leads to increases in real wages. These results marpublished in the peer-reviewed

literature, which makes the claims hard to assess.

Given the lack of consistent and accurate date difficult to comment on trends in
offshoring. A 2008 Robert Half survey indicatedttkize rate of offshoring in IT is low
but others argued that it may increase rapidlyhim future'*’ Many experts commented

that growth in offshoring in India will decreaseedto a coming shortage in the number
of NIT professionals. Some argued that offshoriag leached a steady state, where the
significant growth rates once seen will be sigmifity lower over the coming years. In
addition, salaries in offshoring locations arengsi This will make offshoring generally
less attractive. On the effects of offshoring, ¢éhr@lence is even less convincing and was
best summarized by the NRC in 2008: “Plausible ages have been developed showing
that offshoring either helps, is neutral, or hwetgyineering in the United States. Only
continued discussions and further studies will leadch thorough understanding of the
potential benefits and costs of offshorir.”

145 Blinder (2006)

146 Hira (2009)

147 Robert Half Technology (2008b), Blinder (2006)
148 NRC (2008), p. 3
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2.5 Concerns and Programs to Increase Participation in NIT Careers

In response to ongoing concerns about the quaatity quality of NIT workers, there
have been many programs and initiatives targeteshaeasing participation in NIT
careers. These initiatives and programs are camsgbby the types of concerns they are
designed to address: computing education, perceptaf IT careers, K-12 STEM
education, and transitions from non-traditionalhpatys. This section discusses these
concerns and describes the programs and initiatikested in response to each concern.
Where possible, we discuss trends in funding faeséhprograms. However, funding
information for non-government programs is often aailable. In addition, we examine
initiatives and programs in other career fields thgght be applicable to NIT.

2.5.1 Computing Education

Computing education is the continuously evolvingaass of identifying and delivering a
changing set of critical concepts for a growing emof computing-related disciplines.
The development of effective computing curriculadadergraduate education and K-12
education is, therefore, an iterative process.diiteon to the constant changes inherent
in computing education, the field is under incregsscrutiny by the community of
computing educators, industry, and government eessalt of growing demands for US
competitiveness in computing-related fields.

For more than a decade, the major professional atngpsocieties — the Association for
Computing Machinery (ACM), the Association for Infeation Systems (AIS) and the
IEEE Computer Society (IEEE-CS) have been engageargeted efforts to identify and
reform core computing curricula and the best pedmab practices for university-level

computing education. Similar efforts such as thetidwal Science Foundation’s

Innovative Technology Experiences for Students @edchers (ITEST), are attempting
to address the issue at the primary and secondargok levels. Throughout the

educational pipeline, there is a wide range of igpis on what the core computational
concepts are and what the best practices for delyy¢hem to students are. In addition,
computing education and computational thinkingeareergent concepts rising out of the
disciplines of computer science and computer ermging as the application of those
skills is spreading so wideK?

What has been agreed upon is that computing educ#i facing several significant
challenges that need to be, and can be, succesafidiressed. In 2005, the ACM, the
AIS, and the IEEE Computer Society sponsored tlveldpment of The Joint Task Force
on Computing Curricula 2009 The report identified some of the significant dbages

facing computing education. It noted that broadustdal sectors that have not
traditionally been associated with computing or pater science are increasingly
dependent on workers with computing competencys Thia result of a global trend
where individuals competent in various computinglslare required for the generation
and adoption of new technologies and new busineastipes’** This means that the

19Wing (2006)
1%0 joint Task Force on Computing Curricula Reporo&0
151 OECD Science, Technology and Industry Scorebo@éd 2
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stereotypical image of a computer professional psogrammer working in isolation is
less true than it may have been in the past. Psiofiesls trained in computing disciplines
have to be involved in team-based problem solving skilled in the basic technical
collaboration required for innovation and new pretdand process developmeétit.

The educational challenges associated with the gihgnprofessional identity and
demands are not trivial. According to the bodytakeholders, post-secondary education
in the United States has to be reformed to reflee$e changes and adequately encourage
and prepare students for this reality. Primary aadondary schools may have a more
daunting challenge of not only adapting to the s&amdards of computing education, but
also of incorporating computing education into thewre STEM curricula in ways that
many school districts currently do not.

There are essentially two major challenges coningrtomputing education. As the Joint
Task Force Report pointed out, there is a discdnpetsveen industrial expectations for
professional NIT workers and the computing educatitey receive in preparation for
those careers. The other major challenge is a ceerudisconnect between computing
education as it is currently delivered and studemiterests. This second challenge
accounts, in part, for the precipitous decline tudent enroliment in computing-related
majors in recent years. These issues might be sumedaas the perception and
preparation challenges of computing education. ddramunity of computing educators
and professionals must change the image of congstinthat more young people will
perceive it as something engaging, interesting, exuiting. The community must also
address the substantive issues surrounding studeegsaration for a changing set of
professional expectations and requirements foresscim NIT-related fields.

The following sections look at issues and initieiwelated to computing education at
various points in the NIT pipeline.

2.5.1.1 K-12 Computing Education

In the United States, computer science is not a component of K-12 education at any
level. The Computer Science Teacher's Associatl©@8TA) focuses its efforts at the
middle school level on problem solving and algariitt thinking skills'*®* At the high
school level, computer science courses exist lmuhat a core part of the curriculum. CS
courses often count as math or business credit®alydabout 33 percent of students at
schools with CS teachers are required to take @Sset:* This figure is likely to be
significantly lower across all schools since ndtsghools have CS teachers. The main
issues facing computer science education at the sabool level are the fit of computer
science within a state’s high school graduatioruiregnent, CS curricula, and teacher
certification.

The amount of time devoted to computer sciencehathigh school level is driven
primarily by high school graduation requirements. Tlexas, graduation requirements

152 joint Task Force on Computing Curricula Reporo&0
193 http://www.csta.acm.org/
154 CSTA (2007)
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lump computer science with other technology appbos such as desktop publishing
and multimedia. When Texas first announced its glana four-by-four graduation
requirement (four years of science and four ye&raih), AP computer science was not
on the list to fulfill any of the science or ma#lquirements until concerns were raised by
the computing community. Other states, such asiMagcount AP Computer Science
towards the graduation requirement in mathematic€alifornia, computer science is
often crowded out of a tight curriculum. Howevedpassion to the highly competitive
University of California (UC) system allows computecience to be counted as an
elective, and typically the curriculum for a UC-lmolustudent permits one elective each
semester. These examples typify the treatment wipoter science at the high school
level. While CS courses are offered, they are gedways electives and are crowded out
by other required coursework.

There is no accepted standard for high school @&cala in the United States except for
the computer science AP course. A 2007 CSTA surepgrted that 42 percent of CS
teachers said that they have a state-mandated i@8utwm and only 75 percent of those
reported that curriculum standards are enforégth 2003, CSTA found that “even for
states that offer any computer science coursesg themuch divergence in the number
and content of these coursé$.A number of model high school CS curricula haverbe
proposed over the last two decades by the ACReek and Kimmel® and the CSTA?®
However, none of these has been widely adopted.

The other major issue facing K-12 computer scieathecation is teacher certification. A
CSTA 2002 survey reported that 38 percent of higfoel computer science teachers
were from states where no certification was requioeteach computer science. In 2008,
CSTA found that “for computer science teachers .e thallenge of becoming and
remaining exemplary educators is exacerbated byemsgsof pre-service education and
teacher certification that are profoundly discoriedcfrom the discipline of computer
science and the needs of teachers and stud@hfhey found that many states did not
offer computer science certification and that “hessa they cannot be certified as
computer science teachers, new teachers find hlegt rhust first meet the certification
requirements in some other discipline, requiringnthto develop and prove teaching
proficiency in a field in which they do not actyailish to teach. In some cases, where
teachers can actually receive an additional enduwse to teach computer science, the
content they are required to master may have ne ti@n a tangential relationship to
what is needed to teach in a computer sciencerol@ss™ CS teachers in the United
States are not required to have majored in compatEmce or to pass any sort of
technical examination. This raises concerns abloeit tabilities to teach the rigor of
computer science.

155 CSTA (2007)

156 CSTA (2003), p. 6

157 ACM (1993)

138 peek and Kimmel (1999)
159 CSTA (2003)

10 CcSTA (2008), p. 11

161 CSTA (2008), p. 12
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While there is little standardization of high sch&S curricula or certification in the
United States, other countries have adopted stdadarboth of these areas. The most
prominent example is Israel, which has had a C8aotlum in place since the 19768.

In Israel, there are two types of high school G&tiles: a three-credit course designed
to expose students to computer science and a feditcourse designed for students who
are considering a career in computer science. Ctan@ecience is considered a core
scientific subject in Israel and is treated as sacthe curriculum requirements. Other
countries that have adopted a K-12 CS curriculuplugle Canada, Scotland, Russia,
South Africa, New Zealand, and Australfidlsrael requires all K-12 computer science
teachers to have a bachelor's degree in computenc and to be certified by the
Ministry of Education. Scotland also requires dmdtion of CS teachers and a four-year
degree with some exposure to computer sciencehéieif these is required in the
United States.

Notwithstanding the lack of standardization in catgp science education in K-12 in the
United States, there is a movement afoot to inerétas number of US students pursuing
NIT education. There are a number of programs aiateghcreasing participation and

improving the quality of NIT education at the K-lE¥el. Some of these programs focus
on improving teacher training while others focusimereasing student participation. The
following paragraphs summarize these programs.

There are a few programs aimed at increasing tlosvledge of high school computer
science teachers. One of the most prominent examplesummarized by Blum and
Cortina;** who organized a summer workshop at Carnegie M&Jioversity (CMU) “to
provide compelling material that the teachers cam in their classes to emphasize
computational thinking and the many possibiliti€s@mputer science'® Survey results
from the participants showed that the teachers wiewe involved changed their
perception of computer science and thought theydcmelude a broader range of topics
in their classes. The survey results also showad‘tbachers fear that many CS courses
at the high school level will disappear before owdil standards can be developed to
address the need for some form of K-12 computensel education.” Other schools have
partnered with CMU to run similar summer workshap<Columbus State Universitsf,
the University of Texa¥8’ and the University of Washingtdfi.These programs were all
organized under the name “CS 4 HS.” These programsred about $35,000 in funding
at CMU and the University of Washingt&iAt the same time, the Computer Science
Teachers Association (part of ACM) has been worlsimge the late 1980s to reform
high school computer science and improve CS tegdchirihe high school lev&P. More
broadly, the International Technology Education d&sation provides professional

182 Gal-Ezer and Harel (1999)

183 CSTA (2003)

184 Blum and Cortina (2007)

165 http://www.cs.cmu.edu/cs4hs/

166 http://csc.colstate.edu/cs4hs/

167 http://www.cs.utexas.edu/~firstbytes/teachers/inklen
168 http://cs4hs.cs.washington.edu/

189 hitp://www.cs.cmu.edu/~tcortina/expanding_cs4hs.ppt
10 schollmeyer (1996)
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development and allows technology teachers to shese practices and experiendes
and the American Society for Engineering Educati®&SEE) organizes robotics
competitions and provides a variety of resource«fa2 educators’?

There are also programs in the United States rease student participation in computer
science at the K-12 level. One such progra&ndrew’s Leap,s a seven-week long
summer program at CMU that covers an expansivefstipics, from cryptography to
graph theory and securit§. The course relies on guest contributions fromgsedrs and
students get to work on real computer science probl The program costs students a
tuition fee of about $2,000 for the seven-week seurOther schools offer similar
programs such as:

» The University of Alabama-Birmingham’s computeresge summer camps for
middle and high school students;

 Syracuse University’s summer college in engineeaing computer sciencg;

» The University of Texas at Arlington’s engineereagd computer science summer
camps}”

» The University of Cincinnati’s summer camp in congrscience!’
 Purdue University’s K-12 outreach program in conepstiencé;®
» The University of Utah’s High School Computing lste.'”

In addition to computer science programs targefetifically at high school students,
many colleges and universities open their summenpeder science and engineering
classes to advanced high school students. Govetnameh university initiatives have
been undertaken in some areas such as the Commitnvwfarmation Technology
Initiative (CITI) in Massachusetts, which aims ‘fticrease the number of ‘information
technology-fluent’” workers” by “bringing togethemndustry and public education
institutions to improve information technology edtion at the K-12 and postsecondary
levels.”® In 2007, CITI provided about $470,000 for K-12 dmgher education grants.

Another program to increase participation in NITrems is the NSF Innovative
Technology Experiences for Students and Teach€ES(T) prograni®* This program is
directed at creating programs across the K-12 gpacto offer technology experiences

1 hitp://www.iteaconnect.org

172 hitp://www.engineeringk12.org

173 hitp://www.cs.cmu.edu/~leap

174 http://www.cis.uab.edu/programs/camps

175 http://lsummercollege.syr.edu/engineering.html

178 hitp://www.uta.edu/engineering/summer_programs/#
Y7 http://www.cs.uc.edu/~rbhatnag/currentsummercamp
178 hitp://www.cs.purdue.edu/external _relations/k-12reach
179 hitp://www.eng.utah.edu/~hsci

180 hitp://citi.mass.edu

181 hitp:/fitestirc.edc.org
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to all students. This program has sponsored a numb@rojects and identifies the
following characteristics of success:

* hands-on activities

» working in cooperative teams

* looking at the real world with a scientific view

* personal mastery and confidence building througiblem solving

» exposure to a diverse set of professional scismdisti engineers

Some examples of ITEST-sponsored programs are gsimgputers and math to evaluate
social science questions, getting a “computer iboa” and learning to work with
computer hardware for diagnosis, upgrading, andirepeb design; and game design.
Many colleges have developed new courses througl$ TTthat they offer to both their
own students and, via an outreach program, to midaid high schools. One such
program, at Lehigh University, brings middle andhhischool students onto the college
campus and teaches them to write animations in Adelash. Skills such as user
interface design and problem solving are emphasizeitie class. Interestingly, these
students went back to their schools and requestegka to the software at their school.
This had the effect of encouraging teachers tonlearuse it. ITEST funds 25 to 40
projects in each year with up to 12 continuing asadepending on the availability of
funds. ITEST provides about $35 million in annuahding for all of these projects.
While not funded through ITEST, the Tech Corps paog is another example of a
program that focuses on providing high-quality eigreces with technology in the
classroont®

A variety of tools are available to both educatarsl students at the K-12 level to
increase interest in computer science. The moatlpopf these tools include:

* Alice is a free educational software for 3D animatprogramming provided by
CMU;™

» Scratch is a free educational software for 2D waine/application programming
provided by MIT;®

 Turtle Graphics is a module for python: free pytippagramming environment
with Turtle graphics module aimed at introducinggramming to kids%

* Lego Mindstorm Robotics is a commercial roboticd aoftware package
available from Legd® There is also the FIRST Lego League, which orgamiz
robotics competitions for children ages 9aidl a junior FIRST Lego League for

182 http://techcorps.org

183 http://www.alice.org

184 http://scratch.mit.edu

185 http://docs.python.org/library/turtle. html

186 http://mindstorms.lego.com/eng/Cpoenhagen Dest{iedapx
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younger children (ages 6-9J.Using regular Lego blocks to teach basic
computing principles has also been propd&ed.

Some colleges and universities, such as Georgid’'3e8avannah campus provide
workshops using the above technologfés.

2.5.1.2 Undergraduate Computing Education

There is particular concern about the quality attchetiveness of US undergraduate
computing education. As noted earlier, it is facangrisis of imagery. From the point of
view of computing educators, the dramatically dasieg levels of enrollment and
interest in computing demonstrate that computingricwla and pedagogy are not
attractive to students faced with many educatiopations. Introductory computing
courses have surfaced as being particular turntofindergraduate freshman and other
undeclared students. According to the Integrativen@uting Education and Research
Report (ICER), “These courses have often servedotdirm student assumptions that
Computer Science is just about programming, antd ghagramming is a difficult and
esoteric enterpriset® The report goes on to list the substantive chatiggsmust happen
in computing education if it is to increase thetiggration of US students and more
closely meet industrial needs, which include:

» Change introductory courses for both majors andmajors;

» Reduce core requirements by identifying the basemsals and enduring
fundamentals underlying the computing discipline;

» Change the pedagogies and teaching methods;

 Create opportunities for integrated curricula, lst tomputing builds bridges to
adjacent disciplines.

Its summary is an adequate reflection of the comsemegarding the current state of
computing educatioff! Part of the consensus is that undergraduate camgpaourses
need to shift to include more dynamic pedagogieseabin problem-based learning and
team approaches to problem solving. At presentubi&rgraduate computing education
itself serves as a deterrent to young people andegatimately be viewed as a limiting
factor on the pathways to NIT careers.

Some feel that the change to more problem-baséidboaative styles of teaching that
promote the ability to work in teams and highlighé potential of computing to solve
real world problems is dependent on turnover in pating faculty. Based on anecdotal
evidence, their view is that older faculty, in gealeresist this type of fundamental
pedagogical change and indeed may simply not bectefé instructors in the more
dynamic and iterative learning environments tha apw being promoted. Others

187 http://www. usfirst.org/firstiegoleague/community/mePage.html
18 Hood and Hood (2005)

189 http://www.gtsav.gatech.edu/go/mast

199|CER (2005), p. 11

191 patterson (2006)
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suggest that on the contrary, the field of compusigence itself is relatively young,

dating back only about 50 years, and therefore ateange with appropriate incentive
structures and aggressive experimentation with pesagogies — “There simply needs to
be the will to do it.**?

A number of initiatives are underway to address toacerns about undergraduate
computing education. The NSF's CISE Pathways to itRe@ed Undergraduate
Computing Education (CPATH] program exemplifies the kind of broad nationabdff
designed to address the array of challenges faomigrgraduate computing education.
CPATH is a relatively new funding stream at the N¥d offers $10 million annually in
awards with 12 to 30 new awards made each year. goads of the program are
fashioned directly out of the growing consensusarging undergraduate computing
education. The program highlights the promotioc@hputational thinking as the sum of
the critical concepts and analytical thinking skithat computing education is built on.
As a result, the program sponsors projects thatlesegned to identify the core concepts
in computational thinking and to develop innovatieffective, and replicable tools and
pedagogies for delivering those concepts to stsdedPATH specifically encourages
broad thinking about the challenges of computingcation and supports a tremendous
variety of projects that range from institutionaflarmation designed to make computing-
related majors more attractive and relevant, to -tnaditional alliances between
universities, museums, and community centers torarg young people’s access to
computing. It also supports the core effort of refmg fundamental computing courses
to make them more accessible, engaging, and eféefdr undergraduate students.

One often cited CPATH-funded initiative is the reid@ of introductory computing
courses at Georgia Tech, which have been expandeditide multimedia coursé¥.In
addition to redesigning the introductory coursespi@ia Tech’'s College of Computing
has developed a new system of course bundles fopating majors called “Thread$”
The intention is to have computing-based majorsnime closely linked with the
applications and real world problems that studént$ compelling. As in many fields,
the focus on applications and group work in comqutcurricula is an important
component of computing education refoffrin another related effort in 2004, Berenson,
Slaten, Williams, and Ho proposed a course desigmedunter the notion that computer
science is a solitary professidfi. They adopted, for an upper division course, a
collaborative programming method called “pair psgming,” and a collaborative
lifecycle management approach called “agile soféwatevelopment.” Analyzing
interview responses of students showed that théyedathe face-to-face collaboration
required by the need to work in groups, they belitthat the quality of the end product
increased as did their satisfaction with it, angirtftonfidence and interest in IT careers
increased.

192 Expert interviews

193 http://www.nsf.gov/cise/funding/cpath_fag.jsp

194 Guzdial (2004)

195 http://www.cc.gatech.edu/education/what-is-threads
¥ Fyrst et al. (2007)

197 Berenson, Slaten, Williams, and Ho (2004)
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A complement to CPTAH is the Association for ConpgitMachinery’s Special Interest
Group on Computer Science Education (SIGSCE), wHmés not provide funding but
has emerged as a major platform for educators &westdiscuss, and critique their
collective efforts to revamp undergraduate compuiducation. This complementary
duo is an example of functioning parts of an iniasure in place to improve computing
education and ultimately to increase the number®NIdf workers and scholars with
relevant computational thinking competencies.

There are innumerable local efforts to address ithprovement of undergraduate
computing education. Several programs, both uniyersand industry-based, are
designed to address the circumstances of partimgttutions and their specific contexts.
The expectation is that these local problems, enpmments of them, are shared and
therefore successful solutions can be replicatbd. Association for the Advancement of
Computing in Education, for example, has a missibrmproving computing education
by *“advancing Information Technology in Educatiomda E-Learning research,
development, learning, and its practical applicati&® University-industry partnerships
have formed to ensure that computing curricula remalevant to industry needs. The
Global Wireless Education Consortium is one suchngde that focuses on wireless
education while the SEMATECH Partnering for WorkierDevelopment focuses on the
nanotechnology workforc&? Other industry initiatives, such as Cisco’s Netkiog
Academy® and the Oracle Academy focus on direct skill transfer. Scholarship
programs, such as Microsoft's College Careers gy provide monetary incentives
for students to pursue computing care€fd.he variety of programs and initiatives
designed to address undergraduate computing edacatiggest that while there is
general consensus on the challenges faced bydlie fhe proposals for meeting those
challenges are vast.

2.5.2 K-12 Math and Science Education

While there are many programs that focus on comgutxperiences at the K-12 level,
K-12 education in math and science is also thotmHte important preparation for NIT
careers. There are a plethora of programs aimednaeasing participation and
preparation in science and math. Summarizing alhe$e programs is beyond the scope
of this report. However, examples of often-citedgrams include:

* The MATHCOUNTS foundation encourages participatiol excellence in
middle school math. Corporations and individualeate $1.5 million to $1.7
million annually to the national program and ove0@,000 to the local and state
programs?®

198 http://www.aace.org

199 hitp://www.sematech.org/research/nwdi/index.htm

200 hitp://www.cisco.com/web/learning/netacad/index/htm
201 hitps://academy.oracle.com

292 hitp://www.microsoft.com/college/ss_overview.mspx
203 hitps://mathcounts.org/Page.aspx?pid=195
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» The JASON project, a subsidiary of the National @aphic Society, encourages
students to explore science by connecting studersisientists and events in
science around the wori#f.

» The Christopher Columbus award for teams of middheol students solving
important science problems facing their commufiity.

* The Junior Engineering Technical Society (JETS)om-profit organization that
aims to promote engineering and technical careaamg high school studertts.

» The Algebra project that “uses mathematics as garizing tool to ensure
quality public school education for every childAmerica.™"’

« Raytheon’s MathMovesU website “designed to engaigiellm school students
with math at an age when their interest in theexttiyypically declines.” The
program also awards more than $1 million in gramis scholarships annuaffy.

* US FIRST which aims to inspire young people’s iestin science and
technology?® The budget for all programs administered by USSR 2008
was $28 million.

 Botball which organizes robotics competitions inr@g8ions across the United
States’?

» The Science Olympiad which aims to improve K-128ce education by
providing standards and a competitive mindset tastyelents excited about
science!™

» The MESA schools program “serves middle and sdnigir school students
throughout the state so they will excel in math acience and go on to college in
math-based majors™*®

» Odyssey of the Mind, a program where students ggatten through college)
work together over the course of a couple of motdlsolve one of five problems
and then come together in regional and world coitipes to compare technical
solutions. “Team members apply their creativitgodve problems that range
from building mechanical devices to presentingrtbein interpretation of literary
classics.”®® This program is more about problem solving thas #pecifically
about science or math.

The US government has also undertaken a numbeéfaofseto increase preparation and
participation in science and math. One of the lstrggovernment organizations, the

204 hitp://www.jason.org/public/home.aspx

205 hitp://www.christophercolumbusawards.com

208 hitp://www.jets.org

297 hitp://www.algebra.org/whoweare.php

208 hitp://www.mathmovesu.com

209 hitp://www.usfirst.org

20 http://www.botball.org

21 hitp://soinc.org/mission

212 hitp://lwww.ucop.edu/mesa/programs/schoolprogram.htm
23 hitp://lwww.odysseyofthemind.com
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Department of Defense (DoD), has had a long-standiterest in science and math
education. The DoD has numerous research labs mgki mathematics, engineering,
basic sciences, and IT. The DoD, like industried higher education institutions, has
been affected by the decrease in STEM graduatesg sw than others because they
require US citizens to perform sensitive work. TheD has recently started an outreach
program that builds on the grass roots outreachtki®r scientists and engineers have
already done in their local community, whether frdming in their own children’s
classroom or sponsoring a career day or “chenmvségk” based on their membership in
a professional society. The National Defense EdwmcaPartnership (NDEP) is a
congressionally authorized program supported by Dlwd® Directorate of Defense
Research and Engineering. This program targetestsdhroughout the STEM pipeline
to provide positive experiences and encourage stade pursue STEM careers.

The same need for STEM workers is evident at ofederal agencies including the
National Security Agency (NSA), which supports Mathematics Education Partnership
Program (MEPP?}! Math and Related Sciences (MARS) carfipsymmer institutes for
math and science teachéfsand the Stokes Educational Scholarship Progtaamong
other programs. The MEPP program is one of the NSAbst prominent programs,
helping local schools through three main programs:

» the Mathematics Speakers Bureau arranges for \a#uspeakers to visit schools
and present a variety of interactive math and sei¢alks to both students and
teachers;

* the School Partnerships Program maintains reldtipadetween schools and
volunteers who spend part of their work week prongdutoring, computer help,
or math and science enrichment activities;

* providing judges for local math and science fairs.

The NSA undertakes a number of other efforts beybadMIEPP. The MARS program is
a two-week residential summer enrichment programmigldle and high school students
at the University of Maryland Eastern Shore prawda variety of courses teaching math
and science problem-solving skiff§.The NSA also provides funding, planning, and
staffing for various summer institutes for math asuence teachers. Teachers who
participate in the summer institutes write “leamianits” (lesson plans) for classroom
use which are designed in accordance with the NalticCouncil of Teachers of
Mathematics (NCTM) standards. These learning uamiesthen made available for any
teacher to use. The Stokes Educational ScholarBhggram aims to facilitate the
recruitment of individuals, particularly minorityigh school students, who have
demonstrated skills critical to the NSA, which generally in NIT fields. Lastly, the

214 hitp://lwww.nsa.gov/academia/early opportunitieshmatlu_partnership/index.shtml

215 hitp://www.nsa.gov/academia/early opportunitieshmatlu_partnership/mars/index.shtml
218 hitp://www.nsa.gov/academia/early opportunitieshmatlu_partnership/simt/index.shtml
217 hitp://lwww.nsa.gov/careers/opportunities 4 u/sttsleigh school/stokes.shtml

218 hitp://www.umes.edu/MARS/
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NSA supports a variety of summer programs for ugideluate and graduate students in
STEM fields including:

« Computer Science Intern Program (C$1P)
« Cryptologic Access Summer Intern Program (CAP)

« Director's Summer Program (DS#)

« Summer Intern Program for Information Assurancé®(\)***

« Mathematics Summer Employment Program (MSEP)

« Co-operative Education program (not just in sumfiér)

« Graduate Mathematics Program (GKfP)

« Summer Program for Operations Research Techno®gQRTF°

The NSA’'s FY2009 budget for its Mathematical ScesdProgram is $4 million,
although this covers many activities beyond thaseussed abov&’ The NSA and the
Department of Homeland Security (DHS) also joirgjyonsor the National Centers of
Academic Excellence in Information Assurance (lAJuEation (CAEIAE) and CAE-
Research (CAE-R) prograrf®§The goal of these programs is to reduce vulnetai
our national information infrastructure by promatihigher education and research in 1A
and producing a growing number of professional& WA expertise in various disciplines,
many of which are related to NIT. Other agencieswardertaking similar efforts in areas
relevant to their needs. For example, the US Depart of Energy organizes the
National Science Bowf’ We do not attempt to list all federal STEM worlderefforts in
this report since the focus is on NIT. However, ékamples above provide a snapshot of
some of the efforts being undertaken.

There are also many programs to improve K-12 tagoteparation for science and math
courses in the United States. Examples of thesgramts include the centers funded by
the NSF, such as the Texas Collaborative for Egne# in Teacher Preparation (eight-
year $6,000,000 grant awarded in 20869),the Maryland Collaborative for Teacher
Preparation (four-year $623,000 grant awarded i®81L9* and the New York

Collaborative for Excellence in Teacher Preparatiore-year, $597,000 grant awarded

u/sttelendergraduate/csip.shtml
u/sttelendergraduate/cap.shtml
u/sttelendergraduate/dsp.shtml
u/sttelendergraduate/sip.shtml
u/sttefendergraduate/msep.shtml
u/sttslendergraduate/co-op.shtml
u/sttslgraduate/gmp.shtml
u/sttslgraduate/sport.shtml

219 hitp://www.nsa.gov/careers/opportunities
220 hitp://www.nsa.gov/careers/opportunities
221 hitp://www.nsa.gov/careers/opportunities
222 hitp://lwww.nsa.gov/careers/opportunities
223 hitp://www.nsa.gov/careers/opportunities
224 hitp://www.nsa.gov/careers/opportunities
225 hitp://www.nsa.gov/careers/opportunities
228 hitp://www.nsa.gov/careers/opportunities
27T AAAS (2008b)

228 hitp://www.nsa.gov/ia/academic_outreach/nat caekirshtml
229 hitp://lwww.scied.science.doe.gov/nsb/default. htm

230 hitp://www.sci.tamucc.edu/txcetp

21 hitp://www.towson.edu/csme/mctp/mctp.asp
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in 2001)%** Another example is the Research Experiences facAers (RET) program

supported by the NSF, which “supports the activeolvement of K-12 teachers and
community college faculty in engineering researohorder to bring knowledge of
engineering and technological innovation into thelsssrooms?® The NSF awards

about five RET awards annually with a maximum awar@500,000 over three years. In
addition, the MESA Learning Loop and Mathematicys#s-Technology Institutes
(MPTI) provide professional development for matk anience teachefs.

Like the ACM for computer science, a variety of fessional organizations have also
undertaken efforts to improve science and math adrcin the United States. We do not
list all of these organizations as it would be vinyg. The STEM departments at many
US universities are also involved in outreach esoSome of those related to computer
science were discussed in the section on high $&@®dut there are many focused on
other STEM areas. Examples include the AmericaneBpof Mechanical Engineers’
Pre-college K-12 prograf®,and a variety of programs offered to high schoadients by
the American Chemical Society.

2.5.3 Perceptions of NIT Careers

Another critical component of the NIT workforce dkage is young people’s perception
of the field. As cited earlier, one of the majoasens students opt out of NIT pathways
revolves around perception — their perception ef field and their perception of their
identity relative to it. There is also a commonaddat computing is a field where
expertise can be derived on one’s own, and higtecaion is unnecessary. In addition,
according to a leading advocate for computing etilmicareform, “The field is still
weighed down by its geek image.” Again, the pericepis that computing is analogous
to programming and programming is analogous tcsalaied life of tedium in front of a
computer working on abstract algorithmic challengBisese perceptions, as might be
expected, include disproportional disincentives foomen and minorities. Another
lingering perception of professional NIT fieldstisat they are the purview of white and
increasingly Asian men. The perception of NIT cesas sufficiently negative that many
young people are not inclined to follow those paths an article addressing the
challenges of the computer science department ekdDrUniversity in Philadelphia,
Agosto et al. refers to these perceptions as “nentalels.”® Changing those mental
models and developing the coping mechanisms towligalthem is a critical element in
ensuring that more students remain on the pathwel$T careers.

Changing these perceptions will not be a triviadlemaking, not only because changing
perceptions never is, but because perceptions gonbejust the image of an NIT

professional’s work functions to the kind of livik®y lead. According to Tapia et al., one
of the predominant perceptions is that “IT workars expected to pare down their non-

232 hitp://depthome.brooklyn.cuny.edu/education/nycetp

233 hitp://lwww.nsf.gov/funding/pgm_summ.jsp?pims_id=673
234 hitp://lwww.ucop.edu/mesa/programs/index.html

25 hitp://lwww.asme.org/education/precollege/TeemUp .Kfh#
28 hitp://portal.acs.org/portal/acs/corg/content

%7 pgosto et al. (2008)
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technical lives, to become tireless pioneers ontéo@nical frontier, and to prioritize
work life over all other things?®Whether the reality of NIT education and profesalon
life match these perceptions is a question to Isvared. What is agreed upon by the
community of vested stakeholders is that the pd¢imep are largely negative and are
having a detrimental effect on the field.

This issue has been taken up by a community of jpramb computing scholars, policy
makers, and industry leaders in the 2009 Rebodiognputing Summit® The opening
lines of the Rebooting Manifesto summarize the g@aiion of computing and the
community’s acknowledgement of those perceptions:

“It is a time of challenges for the computing fieM/e are tired of hearing
that a computing professional is little more thgor@gram coder or a system
administrator; or that a college or graduate edocads unnecessary; or that
entering the computing field is a social death. #ve dismayed that K-12
students, especially girls, have such a negativeepéon of computing. We

are alarmed by reports that the innovation rateuinfield has been declining
and that enrollments in our degree programs havppéd 50% since 2001.
Instead of the solo voice of the programmer, we ldidike to hear from the

choir of mathematicians, engineers, and scientwits make up the bulk of
our field.”°

Efforts to address the perception of computing peoéessional field are intertwined with
efforts to change computing education. Part ofdha@lenge of changing the perception
of the field is changing the style of educationttistudents receive and what they
understand the field to be. For example, Cartendomisunderstandings among high
school math students about what computer scienag @&sprofessional fiefd: She found
that an “alarming number of students (80 perceat) ho idea what computer science
majors learned®* She also found that students would consider C8 amjor if they
could combine it with another field such as medioam if they could work on computer
games. Her findings are consistent with the kindrefommendations that are being
offered by initiatives such as CPATH-funded pragedRebooting Computing, and the
2005 ICER report?*® These initiatives include offering interdiscipliga courses,
appealing to various media messages to change ubkc pmage of computing, and
improving the quality of CS teachers in secondaryos! so that they can offer more
competent and creative instruction in computingrses. These are all recommendations
that are essentially designed to encourage youopl@é¢o take interest in computing that
goes beyond playing with the expansive array ofrooimcation and gaming gadgets that
inundate their lives.

238 Tapia et al. (2003), p. 154

239 hitp://www.rebootingcomputing.org

240 hitp://rebootingcomputing.org/manifesto
241 Carter (2006)

242 Carter (2006)

243 |CER (2005)
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There are many of initiatives designed to addressftindamental perception problem.
As mentioned earlier, several of these efforts ddress perception cannot be clearly
distinguished from efforts designed to address @&imutal preparation. Some of the
prominent efforts, such as the Image of ComputiagKTForcé;* serve as information
sources for computing programs, opportunities, ather initiatives designed to change
the public view of what computing is. Other progeano increase knowledge and
improve the image of technical professions incltiiee Sloan Foundation’s Initiative in
Public Understanding of Science and Technofdgyleares and Sargent cited the DoD
Directorate for Programs and Community Relationsaasuccessful example of an
initiative to improve the image of a professiéfi.Some programs also provide
information on all technical careers, such as tlwars Foundation Career Cornerstone
Centef*” and 3M'’s Technical Teams Encouraging Career Hos4d ECH)**®

Another way to target misconceptions about NIT eeseis by creating mentorship
programs. Mentorship and role models are effedtdads in helping students succeed in
fields where they are relatively isolatétiThe home environment and exposure to role
models in computing can help students to constauctnental picture of a NIT
professional that is more expansive than the publage of an isolated programniér.
Mentors not only influence students’ decisions tospe NIT academic pathways but
they can be helpful in retention as wéHl.Mentors, through their close personal
relationships with mentees, can help bolster cemnitg and importantly help transform
students’ views of themselves relative to the fidddother unintended consequence of
effective mentorship is that it helps identify iesuthat might not otherwise surface in
particular learning communities. The mentors, ofi@culty members or teachers, learn
something about the experiences of students tleat tould not learn through other
avenues. This is critically important for the commty of computer science and
computer engineering educators as it attemptsatostorm the perception of the field.
Examples of NIT mentorship programs include thevigrsity of Minnesota’s IT mentor
prograni** and the MentorNet program providing e-mentoringntiividuals interested in
STEMZ>®

2.5.4 Facilitating Other Pathways to NIT Careers

A significant number of IT workers come from pattywather than non-profit four-year
degree programs, such as for-profit educationaitin®ns, community colleges, and job
training programs. Programs targeted at these groap differ significantly from those
targeted at the “traditional” pathways to the NIdriforce.

24 hitp://www.imageofcomputing.com

245 hitp://www.sloan.org/program/3

246 Meares and Sargent (1999), p. 58

247 hitp://www.careercornerstone.org

248 hittp://multimedia.mmm.com/mws/mediawebserver.dy6B660Zjcf6IVs6EVs66 SFh4COrrrQ-
249 Thompson and Sekaquaptewa (2002)

20 7ur et al. (2005)

%1 stephenson et al. (2007)

%2 http://it.umn.edu/alumni/itas/mentor

23 hitp://www.mentornet.net
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As we saw earlier, a large number of computer seidrachelor's degrees are awarded
by for-profit educational institutions. There dotrappear to be many programs or
initiatives focused on facilitating transitions ontfor-profit educational institutions,
although Malcom et al. pointed out that this is iamportant pathway for increasing
diversity in the IT workforcé> There is a lack of literature exploring the dynesnof
this sector as well as programs targeting indivislteking these pathways.

Community colleges are an important supplier oégaty 2 IT workers. In 2000, Lerman
et al. discussed the role of community collegesupplying information technology
workers®® They surveyed employers in 2000 and found thatnoonity colleges were
not adding significantly to the supply of IT workerHowever, they found that
community colleges contribute to retaining workahseady in IT jobs, those switching
careers in mid-life, and those with previous bagstieldegrees in other areas. The NSF’'s
Advanced Technological Education (ATE) program f®s on the education of
technicians for high-technology fields with a fooms two-year college¥¢ One of the
most prominent centers supported by this progratheNorthwest Center for Emerging
Technologies (NWCET) located at Bellevue CommuniBpllege in Bellevue,
Washingtore> NWCET has done a significant amount of work ddsieg the skills
needed for community college IT graduates and stgdhe dynamics of the category 2
IT workforce. The ATE program awards about $46 ionillthrough about 75 awards each
year.

In 2000, Foster-Bey et al. found that the shifatdigital economy benefited groups at all
levels of education but that it benefited thosehwveibllege degrees to a greater extént.
To increase the benefits of technology for thosthavit college degrees, many IT job
training programs have been created over the éasdecades. Job training programs are
focused on mainly category 2 IT workers. In 200Ba@ple et al. reviewed 26 programs
focused on training and facilitating job transigoaf low-income persons and persons
with disabilities?®® They found that successful programs provide daft-training in
additional to technical skills, pay careful attentto teacher quality, and constantly adapt
curricula to meet industry needs. This work wasikaby the Bay Area Video Coalition
(BAVC), which at the time had a program called Medink to provide IT job training to
low-income adult$® This program appears to no longer exist, althahghBVAC does
continue to provide IT job training through Califiea’'s Labor and Workforce
Development Agency's Employment Training Panel20®1, Creaturo outlined other
programs that provide IT job training to low-incoradults in cities across the United
States including®

%4 Malcom et al. (2005)

25| erman et al. (2000)

258 http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=546
7 hitp://www.nwcet.org

28 Foster-Bey et al. (2000)

29 Chapple et al. (2000)

260 http://www.bavc.org

%1 Creaturo (2001)
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» Byte Back (Washington, DC) provides “affordablentis-on computer training”
enabling “economically disadvantaged adults to aequarketable skills and
thus, jobs.”?

* Homeboyz Interactive (Milwaukee, WI) provided apgreeship for low-income,
at-risk youth from Milwaukee’s inner city. Focus svan web design but
professional development in a community based wafironment was also
provided.

« |CStarts (Chicago, IL) “uses project-based learrdnd full immersion teaching,
[and] provides an opportunity for change-drivertufa leaders to develop skills
in business and technolog¥*The program is focused on adults with a high
school diploma or GED and is supported by manyeldaeghnology firms such as
Insight and SAP.

* Playing2Win (New York, NY) “leads the next geneoatiof technology users to
the forefront of economics, social and educatiapgortunities.”* This program
provides technology training to both youth andttipairents.

Most of these programs focus on urban areas whemulgtions are primarily
underrepresented minorities. While this is an ingur area to focus efforts, some
interviewees mentioned that it is also importanfptovide IT training in low-income
rural areas.

A number of state governments provide funding fomorkers to receive skills training.
lowa’s Information Technology Training Program isgaod example of a program
focused specifically on IT workef®.Other programs are not specifically focused on IT
workers but provide funding to train IT workers. li@ania’s Labor and Workforce
Development Agency's Employment Training P&Aplovides funding to the Bay Area
Video Coalition to provide training to IT workers.is likely that job training programs
in many states provide training to IT workers tlgbwther mechanisms.

Another important set of programs targets individueansitioning from non-computing
to computing professions. Many of these progranmgetavorkers that have been laid off
from manufacturing jobs and provide them with tkéls required to transition to new
careers, many of which are in NIT. For example, dieocated worker program at
Yakima Valley Community College in Washington Statevides tuition and funds for
fees and books for one quarter per yY&dBimilar programs across the United States,
provided primarily through local colleges, prepamarkers for new careers in category 2
NIT occupations.

22 hitp://www.byteback.org

263 hitp://www.icstars.org

284 http://community.seas.columbia.edu/cslp/partne?idgil5
265 hitp://www.iowalifechanging.com/Business/ic/I Tfunisnl
266 http://www.etp.cahwnet.gov

%7 Hoang (2009)
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2.5.5 Lessons from Other Fields

A number of different programs and initiatives halseen undertaken to increase
participation in a variety of different career @isl However, a review of recent press
articles found that few occupational shortages Heeen widely cited over the last decade
outside of NIT. Of the occupations other than NH&ttare often cited as having shortages,
the majority of them are in healthcare.

Nursing is the most prominent example of a careeld fthat has faced perceived
shortages of qualified workers and has undertakiemt® to increase participation. The
nursing field has faced a series of shortages aruses over the past decade and some
project a 20 percent shortage in the registeresenworkforce by 2028° One of the key
issues facing both nursing and IT careers is imd#df@le computing is seen as isolating
and male dominated, nursing is often seen as aléeomdy profession that lacks the
prestige of being a physician. One of the most pment initiatives undertaken in the
nursing profession to improve its image is the Caigyp for Nursing’s Future funded by
Johnson and Johnson Health Care Systems. This gamipas advocated nursing careers
through television ads, promotional materials fhhschools, and a website, “discover
nursing,” that describes the benefits of a nurssageer as well as provides links to
scholarships and accredited nursing prograhihose looking to develop materials to
improve the image of NIT careers may look to thésédver nursing” website as an
exampleZ® A number of initiatives focused on remedying thesing shortage have also
been focused on increasing educational cap&Cisych as the Robert Wood Johnson
Foundation New Careers in NursiBgholarshig’? These initiatives are similar to many
of the scholarship programs provided in NIT aretsidies of programs in the nursing
area have also found that “children must be readstier than high school because
‘students often have their minds made up by fifthdg about desirable and undesirable
careers.” Those looking at undertaking programs focusedhenNIT workforce may
also consider early interventions. The UniversifyMaryland School of Nursing has
developed a “career academy” which “helps prepagk bchool students for college by
integrating career themes into their academic esuf$ Such a career academy may
also be useful in increasing participation in NAreers. Stakeholders in the nursing area
have also attempted to create strategic partnersiipalign and leverage stakeholder
resources. An example of this is the Center to GiiamNursing in America, which is a
joint initiative of the AARP and the Robert Wood hi#son Foundatiori” This
organization “serves as a focal point for advocany educational efforts at both the state
and national levels®™ This type of organization is important in nursiwbere there are
dozens of interest groups and labor organizatiomis @wverlapping interests. Like NIT,
nursing is also facing a need to redesign curridihile the specifics are not relevant to

28 Goodin (2003)

29 5ochalski (2002)

270 hitp://www.discovernursing.com

271 Nursing Education Capacity Summit (2008)

272 hitp://www.rwijf.org/applications/solicited/cfp.jsgP=20301&c=EMC-CA137
23 Goodin (2003)

274 Goodin (2003)

275 hitp://www.championnursing.org

278 jJoynt and Kimball (2008)
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IT, curricula reform appears to be progressing @tlaol-by-school basis in nursing in
the same way we observe in NIT.

There are also many differences between nursing\dihdhat make other programs less
relevant. Nursing faces a shortage of faculty membetrain new nurses because many
nurses do not pursue advanced education and tsenguaculty population is aging’
Additionally, nursing is highly regulated due teetfact that nearly all nurses are in the
health care industry. NIT does not appear to fadacalty shortage, nor is it a highly
regulated industry. In 2008, Joynt and Kimball esved a variety of other state and local
programs aimed at nursing careers but many of thage little relevance to |72

Another healthcare occupation that is often refegdnin regards to shortages is
pharmacy. DHHS concluded in 2008 that “only underoptimistic supply projection
combined with a conservative demand projection usireé supply [of pharmacists]
adequate to meet demarté.n response to this shortage, as many as ten clesols of
pharmacy are expected to open by 2010 and curreatnm@acy programs are also
increasing enrollment§: The lack of faculty and facilities to train pharciss is not a
problem in NIT areas, where the infrastructure tsxis train many more NIT graduates
but enrollments have been declining. Another itit& underway for pharmacists is
increasing the use of technology to supplement maepr®® Such initiatives are rarely
discussed in NIT fields, although the emergenceeselopment platforms that require
less technical knowledge could slightly reduce tleed for some traditional NIT
occupations.

While nursing and pharmacy have undertaken somelnmegrams and initiatives to
increase supply, many of the issues facing theddsfiare different from those facing
NIT. The main bottleneck facing these occupatiss ilack of educational capacity,
something that does not appear to be a problemlThaxeas. However, initiatives to
address image problems in nursing and the usecbhédogy to supplement the existing
pharmacy workforce both offer novel ways to addressker shortages. There are
initiatives being undertaken to increase particgratn nearly every career field, such as
efforts to improve the image of manufacturing ire@ri* and to increase the number of
primary care physicians nationwi@éHowever, these largely local and disconnected
efforts often address concerns not very relevahlito

277 Joynt and Kimball (2008)

278 Joynt and Kimball (2008)

29 Joynt and Kimball (2008)

20 DHHS (2008), p. v

21 Kenreigh and Wagner (2006)
282 Kenreigh and Wagner (2006)
23 Hunsberger (2004)
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3. UNDERREPRESENTED GROUPS
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Consistent with the participation rates in otherEST fields, African American and
Hispanic people are underrepresented in the NIkfwore relative to their proportion of
the overall workforce and in the population. Wonaga also underrepresented in the NIT
workforce despite having made tremendous gainstheroSTEM fields over the last
decade. From all indications, Native Americans gwtsons with disabilities are
significantly underrepresented, but face the comgded challenge of a lack of
comprehensive data on their educational and priofess participation. This chapter
describes the representation of these groups a&ugapoints in the NIT pipeline and
outlines programs and initiatives to increase tpaiticipation.

3.1 Women

The experience of women along NIT pathways warrpaticular attention because it is
the one STEM field where women’s patrticipation has improved significantly despite

the tremendous effort to increase their particgratn STEM fields over the last decade.
Women are significantly underrepresented both & KWT workforce and among NIT

degree recipients relative to their populationhi@ tverall workforce and their proportion
of the population. The point at which women tendigbly shy away from NIT careers

is at the undergraduate degree level, where womrah to choose non-NIT majors at a
higher rate than men. While this is where careaviogs first become visible, the

literature points to earlier experiences of wometha K-12 level that lead them to make
these decisions.

3.1.1 Women in the NIT Workforce

Women are significantly underrepresented in NIT upations relative to their
representation in the overall workforce and in fhapulation. The Census Bureau
estimates that women comprised about 51 percethiegpopulation in the United States
in 2007. Women also comprised about 46 percentetatal workforce and 56 percent
of professional occupations in 2007. In contrasim&n represented only 21 percent of
the category 1 NIT workforce in 206%.This level of underrepresentation has remained
relatively constant since 1999, as shown in Figute

#5Using NSF SESTAT data, we calculated the fracibwomen in NIT occupations to be 23 percent in
2006, very close to the estimates derived fronGRS.
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Figure 3.1: Female Underrepresentation in the NIT Vérkforce (1999-2007)
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While the representation of women in professior@upations increased since 1999, it
has been stable in both the total workforce andctiegory 1 NIT workforce. Table 3.1
shows the trends in female representation acroobldupations.

Table 3.1: Percentage of Women in the Workforce b@ccupation (1999-2007)

1999 2000 2001 2002 2003 2004 2005 2006 2007
Computer systems analysts and scientists 229 27 28 2D 3 32 217
Computer programmers 26 27 217 24 2y 2 25 25
Electrical and electronics engineers 1010 10 1( ] 8
Computer software engineers
Computer hardware engineers
Network systems and data communications an:

(=)

24 2]
19 10
26 26

c,c,,\,.vv.ﬁw\.c,
N

Computer and information systems managers 28
Average category 1 NIT workers 2p 22 21 2] 22 2P 22 21
Total Workforce (16 & Older) 47 47 47 47 47 4y 44 44
Professional Occupations 54 54 54 5 56 56 571 56

Source: Current Population Survey

Women are underrepresented to a greater degresdware-related occupations than in
software-related occupations. Women comprise oflypércent of the electrical and
electronic engineering workforce while they comerabout 25 percent of the computer
programming workforce. Nonetheless, women remaidetnepresented across all NIT
occupations.

Women are also underrepresented in top leadersisipigns in the technology industry.
In 2007, only six percent of CEOs, five percenCadiOs, and two percent of COOs in the
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top 100 IT-related Fortune 500 companies are wofffehemale representation on
company boards is also low, with 13 percent of d&mats of Fortune 100 IT companies
going to women while 17 percent are filled by wonaeross all sectoré’

An interesting trend emerges from the CPS earndaja in NIT occupations. While
women in the overall workforce tend to have avers@mings that are 20-25 percent less
than men, the gap in the NIT workforce is slighglpaller. In 2007, women across the
entire workforce earned about 20 percent less than; the wage gap was larger in
professional occupations where women earned abbyegcent less than men. In NIT
occupations, women earned only 18 percent less. &dom NIT occupations had a
smaller wage gap than professional occupationsvaryeyear going back to 2003 as
shown in Figure 3.2. We are unable to determinehi§ difference is statistically
significant without access to the micro-level data.

Figure 3.2: Female Wage Gap in the NIT Workforce (203-2007)

86% -—— @ Awverage for category 1 NIT workers
® Awerage for all workers

84% 7 O Awerage for professional occupations
82% -
80% -
78% -
76% -
74% +
72% -
70% -

68% +

Female median weekyl wages as percentage of male

66%
2003 2004 2005 2006 2007

Source: Current Population Survey

In 2007, the National Center for Women and InfoiorafTechnology (NCWIT) found
that the percentage of IT patents obtained by fenmalentors increased from 1.7 percent
in 1980 to 6.1 percent in 2005. Women accountedifore computer software patents
than for any other IT patent categéty.

3.1.1.1 Women in the Federal Workforce

Women are underrepresented in federal NIT occupstias they are in the NIT

workforce as a whole. In 2008, women comprised eignt of the federal workforce but
only 29 percent of the federal NIT workforce. Womead greater representation in the
occupations of information technology and compstence than they did in electrical,
computer, and electronics engineering, as showiabie 3.2.

288 NCWIT (2007a)
7 Klawe et al. (2009)
ZENCWIT (2007b)
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Table 3.2: Female Representation in the Federal Waforce (2008)
Occupation % Female

Information Technology 36%
Electrical Engineering 13%
Computer Engineering 18%
Electronics Engineering 10%
Computer Science 28%
Total Federal NIT Workforce 29%

Total Federal Workforce 44%

Source: US Office of Personnel Management FedSoapebase (2009)

3.1.2 Women in NIT Education

Women are underrepresented throughout the NIT ¢duacpipeline. The following
sections describe women’s representation at vapourgs in the NIT career pipeline.

3.1.2.1 K-12 Students

A 2007 survey by the Computer Science Teachers ofsan (CSTA) found that
women comprised 32 percent of high school compsité&gnce classe¥.Additionally,
women comprised only 18 percent of AP Computer rfRaeA test-takers and only 10
percent of AP Computer Science AB test-takers. @lee the lowest percentages of
women among all AP exams. The exam with the naxesb percentage (AP Physics B)
had more than double the rate of female representast 35 percent. Female
participation in the Intel Science and Engineerkgyr is also lowest in the field of
computer science while it is near (or exceeds)yariother STEM fields. Data from the
SAT also show that women who intend to major in patar science have among the
lowest average math scores of those intending fornrascientific disciplines®

3.1.2.2 Higher Education Students

The underrepresentation of women in NIT is alsohanpmenon that we observe in

higher education. In 2006, women received aboup&@ent of all degrees (bachelor’s

and higher) awarded in the United States and ab@yercent of degrees in science and
engineering fields. In contrast, women received @fdout 20 percent of degrees in NIT

fields. In addition, while the fraction of degremsarded to women in all disciplines and

in science and engineering has been increasingrdbgon of NIT degrees awarded to

women has been decreasing. This trend is showigurd-3.3.

29 CSTA (2007)
2ONCWIT (2007a)
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Figure 3.3: Percentage of Degrees Awarded to Woméh995-2006)
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At all degree levels, the fraction of women reaegvdegrees in electrical and computer
engineering is significantly lower than the fraaticeceiving computer science degrees.
Table 3.3 shows the female representation at eagred level for CS and EE in 2006.
This continues the trend recognized in the NIT tabwce data where women are
underrepresented to a greater degree in hardwaas Hran they are in software areas.

Table 3.3: Percentage of Females Receiving i33)
Degree | Computer Electrical and Average for NIT

Level Science | Computer Engineering Degree Fields
Bachelor’s (]
Master’'s 26 % 16 9 24 %
Doctorate 23 % 11% 20 %

Source: NCES

Women are underrepresented to a slightly greatgredeat the bachelor’'s and doctoral

level than they are at the master’s level. Compstence and electrical engineering are
two of the only STEM fields where the fraction adgtees awarded to women has been
declining?**

3.1.2.3 Faculty

The CRA’s Taulbee survey also shows that womenuagerrepresented among CS
faculty: 11 percent of full professors and 13 petoef associate professors in CS are
female. However, Figure 3.4 shows that women adeurepresented to a greater extent
among current faculty (those with more than oner yeaheir position) than they are
among new faculty (those hired in the last yead) stndents. The trend seems to show an
increasing representation of women among CS facAkynew faculty move through the

291\/egso (2005)
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tenure process it appears as though the representz#t women will increase unless
women leave CS faculty positions at a greater tted@ men dé¥ This is confirmed by
the fact that the proportion of women in full C®fassorships has more than doubled
between 1995 and 2007, from five percent to 11 grercAdditionally, the fraction of
female university presidents has increased frompé&&ent in 1995 to 23 percent in
200773

Figure 3.4: Percentage of CS Faculty and Students the United States and Canada who are Female
(2006-2007)
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Source: Zweben (2008)

There are no data available on the representatismmmmen among EE faculty. However,
given the degree and workforce data, one could thgsize that women are
underrepresented to an even greater extent amorfigciEy than among CS faculty.

3.1.2.4 High School Completion and College Attendan  ce

A larger proportion of women than men have beengtetimg high school and attending

college for the last few decades. Since about 1@06nen have been completing high
school and attending college at a greater ratertiem as shown in Figure 3.5 and Figure
3.6.

22 Klawe et al. (2009) appears to assume that thiseicase in recommending programs to facilitage th
career progression of women CS faculty members.
23 Klawe et al. (2009)
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Figure 3.5: Percentage of 18-24 Year Old Women ariden Completing High School (1972-2006)
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Source: NCES (2008b)
Figure 3.6: Percentage of 18-19 Year Old Women ariden Enrolled in College (1972-2006)
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Given these trends, women are not underrepresamtéet workforce because they are
underrepresented in higher education. Instead, wornenplete high school and attend
college at higher rates than men. Women'’s choitéanmajor in NIT degree fields at the
undergraduate level is the primary reason why woarenunderrepresented in the NIT
workforce 2* While we have seen that not all NIT workers hav& tegrees, about half
of NIT workers do have NIT degrees and the sigaifity lower rate at which women
receive NIT degrees has a major impact on the ability of women in the NIT
workforce. Additionally, the factors that contrieuto women’s decisions not to obtain
NIT degrees may also influence the decisions of mmmwith other types of degrees to
enter NIT careers.

294 Congressional Commission on the Advancement of ¥oand Minorities in Science (2000)
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3.1.3 Concerns and Programs to Increase Female Participation in NIT
Careers

Educational preparation is no longer the primargtatle to women’s participation in
STEM fields. Significant gains have been made ky $TEM policy community and
educators from K-12 through university in addregsisimilar issues concerning
stereotype threats and gender biases in mathenaaticscience field8> Women reached
parity with men in the number of bachelor's degreamed in science and engineering
fields in 2000°* The persistent reluctance of women to pursue ésgie computing
suggests that there are specific characteristicomiputing that affect women’s choices,
which result in this gender imbalance. Several wdrave examined this long-standing
gender imbalanc&! We begin by summarizing what was found in thesdies.

One of the most prominent works on women and comgutMargolis and Fisher’s
Unlocking the Clubhouse: Women in Computuges the voices and perspectives of
female students to examine the experience of camptit They use data from four years
(1995-99) worth of interviews with students who westudying computer science at
CMU. The findings of Margolis and Fisher’s work agrwith other studies that for young
women: the influences on their pathways to compstéence vary according to their
stage of development.

According to Margolis and Fisher, in their earlyay® girls are subject to gender biases
regarding their toys (including computers) and hbey “play” with them. While boys
are encouraged to be aggressive and assertiveimtitikering, girls are encouraged to
think that being aggressive and assertive is tlikbea boy. This trend continues through
girls’ educational evolution. This disparity is cpounded by other related gender-based
factors. In the middle stages (though certainly exatlusively) of their schooling, girls’
are subject to significant gender-based differemgemncouragement from their teachers
and peers regarding course selection and scholastitude. At the high school-
university juncture, girls’ perception of compussience and computing fields is often at
odds with their desire for resonance between ettutand personal purpose. Ultimately,
in computing fields, women are still faced with tbleallenges of being pioneers in a
male-dominated field of study. Margolis and Fiskework is corroborated by other
works that attempt to identify the primary factafecting girls and young women such
as the Anita Borg Institute’s 2005 comprehensiveéeng, Where are the Women in
Information Technology? and the NSF's seriddew Formulas for America’s Workforce
(2): Girls in Science and Engineerify

In Margolis and Fisher’s work, many of the wometeimmiewed chose computer science
because they see a connection between computinghamsbcial and human conditions
that they are concerned about. This finding is b@st with other results that suggest

2% Shaywitz and Hahm (2004)

2% Chubin et al. (2005)

297 Xie and Shauman (2003), Fox et al. (2006), As[2a07)
2% Margolis and Fisher (2001)

299 Ramsey and McCorduck (2005)

30 NSF (2006)
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that women are more interested in the applicatiohscience than in the abstract
development of complex technical functiofisln 2000, the American Association of
University Women (AAUW) stated, “Girls have reseigas about the computer culture
and with good reasori® Part of that reasoning is that they perceive timaputer culture
as being inconsistent with their personal convidioln a longitudinal study of
adolescent girls, Linver et al. found that valuese anore important than (real or
perceived) level of skill with mathematics or mathsed sciences in career choités.
Simply showing girls that they can “be good at mathnot likely to influence the
choices young women and girls make regarding thegiticipation in NIT fields.

These findings are particularly significant becatisey highlight one of the principal
problems of computing pointed out by several experterviewed for this study, that
“computer science has an image problem.” Margai Risher’s study was with women
who were already enrolled in computer science. Hemnethe public perception of
computer science is that it is an isolating fieldttis relatively disconnected from
pressing social problems that young women arenadlito want to solve. For women,
this perception is an effective deterrent. Womenrapore inclined at an earlier stage to
want their education to serve a purpose. For youoeq, interest in computers themselves,
along with gaming and gadgetry, are supposedlycserfit motivating factors. According
to one of Margolis and Fisher’s interviewees, stwd that she has to use her computer
science skills “to make a contribution...just makindeo games is not worth the energy
and talent that it takes””

The emphasis on purpose leads to another critmal pn the pathway to NIT education
and careers for women. High school computer scielasses are instrumental in forming
students’ perceptions of the field. While thesessts have the potential of presenting the
versatility of the field, they often amount to sdland programming of, as one CS faculty
member described, “the programming langudggour.” This style of computer science
course has a disproportionately negative effectyonng women whose budding
academic interests are closely tied to their peis@onvictions and desire to make
substantive social contributions.

According to Margolis and Fisher’'s work, young wamgevelop a concern for social
relevance and purpose-driven work earlier than gauen. Turner et al. used a survey to
discover what factors influence women to pursue bHfeers? Drawing a self-selected
group from the systers listserv, they found thatn&a reported influences by significant
people in their lives, experiences with technologgd internal motivatorg® Family
members and teachers influenced women to pursueeed IT, suggesting that they
can serve as aids to transitions along the caratr. Many of these women with
undergraduate degrees mentioned an introductorypetan science course as a

301 cassell and Jenkins (1998)

302 AAUW (2000)

393 Linver et al. (2005)

304 Margolis and Fisher (2001), p. 53

395 Tyrner et al. (2002)

3% The systers.org email list was started in 198Abiga Borg and is now part of the Anita Borg Insté
for Women and Technology.
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significant influence on their choice, and reportedt they were drawn toward a career
that they saw as exciting and that matched theerésts in math, logic, and puzzle
solving. These are all factors that are commonlgeustood to affect all young people
regardless of gender.

The results of the 2001 study by Margolis and Fishere influential to subsequent
program development and have been cited by mangegulent studies on women in
computing. Their work helped to clearly articul#tte issues facing women in computing
and contributed to the development of programs @isdussions to help improve the
experience of computing education for all studentss effort to make computing more
attractive to women is coincident with the broaddéforts to transform computing
education to be more problem-based and to emplag ailynamic learning practices. The
broad intentions of this national effort and corsation are to recast computing education
as a pump, not a filter. Some examples of the progrthat have been implemented as a
result of this national discourse are discussetersection below.

3.1.3.1 Programs and Initiatives for Women

The programmatic response to the underrepresemtafisvomen in NIT education and
careers has been responsive to academic work ditgntp understand the factors that
influence women the most. There is a vast arragrofjrams designed to improve the
experience of women in computing and to encouragesiwomen and young girls to opt
for NIT pathways. These programs are structurediratoone or several of the major
elements — changing perceptions, mentoring, reuent, funding, exciting new

exposures, and building communities around comgutin

At the national level, the National Science Foumhathas taken steps toward
encouraging women to pursue STEM careers. Stamirkp93, the NSF’'s Program for
Women and Girls, renamed Research on Gender im&ziend Engineering (GSE) in
1999, supports programs to develop new teachintpadst(hands-on, cooperative, real
world, applied, and problem-based) in both inforraafl formal setting®’ The GSE is
the largest funding source in the nation for proggadesigned specifically for the
development of women and girls in STEM fields. Tigective has been to develop and
support an infrastructure for girls throughout Kthat is conducive to their success. That
infrastructure includes welcoming environments,aleshing relationships with role
models, the development of support communities, #mel identification of new
pedagogies and pathways into IT caré®Ehe GSE program awards about 15 to 22
grants per year for a total of $5 million annualBne example of a grant funded through
this program is “Girls on Track” which incorporatbdst practices of basing math and IT
learning on real problems (including careers andrigs), offering a 2-week summer
camp for girls only, addressing teacher and guidamounselor practices with
professional development, and involving parentsrl$&®n Track” is just one example of
the kind of program supported by NSF, but also destrates how program development
has been responsive to social science inquiriestivg factors that prevent women and

307 htp://www.nsf.gov/funding/pgm summ.jsp?pims_id=5&8rg=HRD
308 NSF (2003)
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girls from pursuing NIT pathways. The program irpmmates features that address all of
the major factors. The 2005 report on NSF progreonsromen and girls in STEM fields
stated that over 350 grants had been awarded fovative projects to increase access
and choice. Other non-profit organizations provsdailar support for women in STEM
careers such as the Expanding Your Horizons Nefi¥@kd Sally Ride Sciené&.The
American Association for the Advancement of Scie(f&AS), L’'Oreal, and the United
Nations Educational, Scientific and Cultural Orgation (UNESCO) have also joined
together to provide information on STEM careergyeded at women through their
publication of the L'Oreal-UNESCO Women in Scierm@oklet®*

As mentioned earlier, one of the principal challEenh@f the computing field is young
people’s perception of computing. For young gitiseir perception of the field as
isolating and abstract is often compounded by & tdcconfidence and a hesitation to
manipulate computers to serve their interests. Mg designed to counter this
perception often involve speaking directly abow fileld and trying to debunk myths that
young women might have. In keeping with this sggeBlank, Hiestand, and Wei
created an interactive multimedia presentationedtigh University that shows a diverse
set of speakers talking about common misconceptetsut computer science and
teaching basic computing concepts. The authors dfotirat the interaction with
multimedia improved students’ responses on a suabeyt the misconceptions about the
field of computer scienc&?

There are also specific attempts to address theesssurrounding women’s confidence
regarding computing. One such effort adheres topthibsophy that academic gender
separation helps girls develop confidence in figldg are typically dominated by boys.
As such, the development of same sex classes ithanprogrammatic style that is
employed to address women’s issues. For examplemiie et al. reported positive
results from the use of all-female CS courS&$hey report that students have more
positive perceptions of teacher support, self-amrfce in CS ability, and greater
intention to pursue future CS-related work whenytlievelop in a single gender
environment. Other researchers have recommended modest programs intended to
change attitudes. After surveying secondary scktadents in advanced math classes,
Moorman and Johnson found low interest among fesnialeomputer science as a course
of study in college and a low perception of theiegent skills in computing relative to
others®* These students more frequently mentioned a méd¢iviee at home providing
them with computer experiences, which led the astho propose a computer club for
elementary girls and their mothers. They have dirdaad success with an all-female
summer workshop that teaches an object-orientedgrgnmoming language. Students’
success at mastering the language contributedralés reporting, on the post-workshop
survey, that they believe they could succeed igammming courses.

399 http://www.expandingyourhorizons.org

310 http://www.sallyridescience.com

311 hitp://sciencecareers.sciencemag.org/tools_tipsach/loreal_wis_2009
312 BJank, Hiestand, and Wei (2004)

313 Crombie et al. (2002)

314 Moorman and Johnson (2003)
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One of the more high profile programmatic changescomputer science education
occurred at CMU after the publication of the bogkMargolis and Fisher. CMU created
multiple entry points into the first year courses;reased their interdisciplinary focus,
changed their admission requirements, and fostgreaps that supported women in the
discipline. The percentage of women entering theo8kcof Computer Science rose from
8 percent in 1995 to 42 percent in 2000. In additao CMU initiatives, other noteworthy
programmatic innovations are having considerablgaich on young women’s choices to
pursue NIT education and careers. The First BytegrAni** at the University of Texas,
Austin is an outreach program designed to intrignd encourage high school girls to
pursue educational careers in computing. It offegh school girls a residential summer
experience to spend time exploring hands on comgutixercises. It also offers high
school teacher training to help teachers be morareawf the challenges to girls and
techniques to overcome them. MIT's Women’s Techggl®rogran® is based on a
similar premise and offers high school girls wheédan aptitude for math and science an
opportunity to learn more about computing. It isoah residential program that offers a
primarily female environment to facilitate configenbuilding and comfort in addition to
substantive exposure to computing.

Innovative outreach programs are programs that seeklevelop a cross-sectional
community to bring women from all stages of the Nd&@thway together. In 2007,
Hayward, Oja, and Werth reported on an ongoing famog at Pennsylvania State
University (funded by the CRA-W and the NSF) thats to build a “learning
community centered on computing.” Their community is uniquely conceived and
includes high school girls, lower and upper clasdengraduates, and graduate students
and professionals. The idea of the community isréate a socially connected group for
mentoring, a critical factor in convincing young mven to pursue NIT pathways. A
critical step in the program is their outreach ihigh schools in order to connect high
school girls with women farther along in their Né@ucational and career development.
Participants in the program engage in an array ashputing exercises designed to
develop their skills and forge positive relatioqshiwith other members of the
community. The program also hosts focus groups witls on applications they find
interesting.

The technical component of engaging girls and yowmgnen in computing is also
supported by a set of programs and web-based m@sUGirltech;® for example, is an
online community for young girls to discover, puask, critique, and discuss electronic
gadgetry. Similarly, Womengaméfds a site designed to encourage female participati
in the gaming industry. Gaming is an enormous itrglus the United States and is often
overlooked in the policy discussions surroundingreased US participation in

315 http://www.cs.utexas.edu/~firstbytes/index.html
318 http://wtp.mit.edu

37 Hayward, Oja, and Werth (2007)

318 http://www.girltech.com

319 http://www.womengamers.com

-109-



computing. Gaming, however, is a significant atixacforce for young people in their
early development of interest in computing. Accogdio the Womengamers site, that
interest and participation is disproportionatelgwlkd towards young men and boys, but
it need not be. It is another untapped avenue dhght to be utilized to increase the
participation of women in computing.

In keeping with the untapped avenue for girls andng women in gaming, the open
source software community is another expansivel ftelat is attracting many young
people into computing. In the literature, there ey few research studies investigating
the participation of women in the open source comigu One such study in the
European Union, conducted a survey and ethnogragtidy of men and women
participating in a (often exclusively online) voteer software development
community®° They found striking results that the communityiady (and perhaps
unwittingly) discouraged women’s participation. el formal organizations, these
volunteer communities do not have the authoritpdbce for actions that, in companies,
would be construed as harassment. The authors fihadvomen in these communities
(and they are few or hidden behind a male identitg) not only tasked with marginally
contributing activities but are also subject toeaffive or “flaming” emails and do not
have the means to bring social or legal pressuleeéw to correct other’s behavior. This
is especially exacerbated in the open source contyndoe to the ethical values that
community members bring: the freedom to choosenamy cases, women are subject to
“boorish behavior” in the communif§: The results of the study are consistent with the
general conclusion that the perception of compuisngot hospitable to women and not
welcoming to girls. Notwithstanding that, onlinengag and open source communities
are critical areas of the computing landscape dieserve attention since they have the
potential to be powerful attractive forces for ygumomen and girls to develop interest in
computing and NIT pathways.

The programmatic efforts to increase female pgaiton in computing naturally include

funding sources. There are scholarship program®dtn undergraduate education and
post-graduate education such as those offeredeogitierican Association of University

Womeri* and the Society of Women Engine&t$frogram efforts and funding sources
are products of an increasingly strong infrastriectudesigned to improve the

circumstances of women in computing. Some of tleengment organizations that include
advocacy groups, professional societies, and relseplatforms are listed here as
examples of the elements of the structure.

« American Association of University Womé&ff
« Anita Borg Institute for Women and Technoldgy
« Association for Computing Machinery’s Committee\Wiomen in Computing®

320 Nafus, Leach, and Krieger (2006)

321 Ramsey and McCorduck (2005)

322 hitp://www.aauw.org/education/fga/fellowships_gedselected.cfm
32 hitp://societyofwomenengineers.swe.org

324 http://www.aauw.org

32 hitp://www.anitaborg.org
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« AT&T internships for women and minoriti&s
« Clare Booth Luce Prograff?

« Computing Research Association Committee on thetuStaf Women in
Computing®

* Elsevier New Scholars Grafits

« Expanding Your Horizors*

« Grace Hopper Celebration of Women in Computifig

« National Center for the Study of Women and Inforiorafrechnology?*
« Society of Women Engineér$

3.2 African Americans, Hispanics, and Native Americ  ans

African Americans, Hispanics, and Native Americame also underrepresented in the
NIT workforce. While we have seen that women areleurepresented in the NIT
workforce due in large part to the fact that thes anderrepresented among NIT degree
recipients, minority groups are underrepresentetigher education. Once in college,
African Americans, Hispanics, and Native Americar® as likely as the general
population to choose NIT degrees.

3.2.1 Minorities is the NIT Workforce

In 2007, the US Census Bureau estimated that Afrismericans comprise about 13
percent of the population of the United States. @Bt shows that African Americans
comprised 11 percent of the total workforce andermparcent of professional occupations
in 2007. In the same year, African Americans cosgationly seven percent of the NIT
workforce. These percentages have remained rdlatstable since 2003, as shown in
Figure 3.7.

328 hitp://women.acm.org

327 hitp://www.research.att.com/internships

328 hitp://www.hluce.org/cblprogram.aspx

329 http://www.cra-w.org

330 http://www.elsevierfoundation.org/scholar.html
331 http://www.expandingyourhorizons.org

332 hitp://www.gracehopper.org

333 http://www.ncwit.org

334 http://societyofwomenengineers.swe.org
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Figure 3.7: African American Representation in theNIT Workforce (2003-2007)
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Table 3.4 shows African American representation2@®3-2007 by NIT occupation.
African American representation has been highestrghcomputer systems analysts and
scientists since 2003 and lowest among computéwam engineers. African American
representation among computer programmers has deeming while representation
among electrical and electronics engineers and atenpand information systems
managers has been increasing.

Table 3.4: Percentage of African Americans in the \Wrkforce by Occupation
Computer systems analysts and scientists 10 10 8 10 9
Computer programmers 7 7 5 4 5
Electrical and electronics engineers 4 5 6 6 7
Computer software engineers 6
Computer hardware engineers 6 7 8 4 6
Network systems and data communications an: 7 8 9 § T
Computer and information systems managers 4 5 6 6 8
IAverage category 1 NIT workers
[Total Workforce (16 & Older) 11 1 1] 11 11
Professional Occupations 9 9 9 9 9
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Source: Current Population Survey

In government, the representation of African Amamng among NIT workers is higher. In
2008, African Americans comprised 14 percent offéakeral NIT workforce, higher than

their representation in the overall NIT workforcedain the population. However, this
was lower than the representation of African Anmeam in the federal workforce as a
whole (17 percenty®

3% OPM FedScope Database
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According to the Census Bureau, the Hispanic pdjounaf the United States comprised
15 percent of the total population in 2007. Hisparalso represented 13 percent of the
overall workforce and seven percent of professi@mtaupations. In contrast, Hispanics
comprised only five percent of category 1 NIT ocaigns. While Hispanic
representation in the total workforce and amondgssional occupations has increased
since 2003, representation in the NIT workforce hamained relatively constant, as
shown in Figure 3.8.

Figure 3.8: Hispanic Representation in the NIT Workorce (2003-2007)
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Table 3.5 shows the breakout of Hispanic repretentdy NIT occupation. Among NIT
occupations, Hispanics are most underrepresenteéh@momputer software engineers
and computer and information systems managers.eRepration has been decreasing
among computer software engineers since 2003.

Table 3.5: Percentage of Hispanics in the Workforcby Occupation

200z 200¢ 2003 2006

Computer systems analysts and scientists 5 L g g 6
Computer programmers 5 4 q 5 (]
Electrical and electronics engineers 2 4 3 4 4
Computer software engineers 5 4 4 3 3
Computer hardware engineers 2 q q 1 5
Network systems and data communications an: 6 L 1 4 T
Computer and information systems managers 4 q 3 g 3
Average category 1 NIT workers 4 5 E 5 )
[Total Workforce (16 & Older) 13 13 13 14 14
Professional Occupations 6 q q g T

Source: Current Population Survey
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The representation of Hispanics among NIT workergavernment is about the same as
in the overall NIT workforce. In 2008, Hispanicsngoarised about four percent of the
federal NIT workforce, which was lower than therpresentation in the federal
workforce as a whole (seven percefit).

No recent data are available on Native Americamesgntation in the NIT workforce
because the publicly available BLS data do notukel Native Americans in their
breakout of detailed occupations by race. ITAA @0@ported that in 2002, Native
Americans comprised 0.6 percent of IT occupatioommared to 0.9 percent of all
occupations. The Census Bureau estimates that @2,2the percentage of Native
Americans in the US population ranged from 0.9 @er¢for Native American only) to
1.5 percent (for Native American in combination twdnother race). No matter which
estimate is used, Native Americans were underrepted in the NIT workforce relative
to both the population and all occupations in 2002008, Native Americans comprised
about one percent of the federal NIT workforce cared to two percent of the federal
workforce as a whole.

3.2.2 Minorities in NIT Education

African Americans, Hispanics, and Native Americare not underrepresented to the
same degree among NIT degree recipients as theynattee workforce. Unlike the
relatively stable underrepresentation of these ggon the workforce since 2001, the
fraction of NIT degrees awarded to these groupsileas increasing. However, minority
faculty remain significantly underrepresented i Nields and there are few signs that
this is improving.

3.2.2.1 Students

The fraction of NIT degrees awarded to African Aicans is slightly higher than the
fraction of all degrees awarded to African Amergamd the fraction of all science and
engineering degrees awarded to African Americaashawn in Figure 3.9. The fraction
of NIT degrees awarded to African Americans hasibeereasing since about 2001.

3% OPM FedScope Database
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Figure 3.9: Percentage of Degrees Awarded to AfriceAmericans (1995-2006)
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Hispanic degree recipients were slightly underrepméed among NIT degree recipients
relative to all fields and science and engineefielgls from 2001 through 2006 as shown
in Figure 3.10. The fraction of NIT degrees awardiedispanics has been increasing
since 2001.

Figure 3.10: Percentage of Degrees Awarded to Hispizs (1995-2006)
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Native Americans are also slightly underrepreserdetbng NIT degree recipients
relative to all fields and science and engineefielgls, as shown in Figure 3.11. In 2006,
Native Americans received 0.6 percent of NIT degyeearly the same fraction as in all
fields and in science and engineering fields. Hamvethe fraction fluctuated anywhere
from 0.4 percent to near 0.7 percent over thedastde, nearly always below the level in
all fields and in science and engineering fields.
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Figure 3.11: Percentage of Degrees Awarded to NagvAmericans (1996-2006)
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3.2.2.2 Faculty

African Americans, Hispanics, and Native Americams significantly underrepresented
among computer science faculty as shown in Figuk2.3 ess than one percent of senior
CS faculty and about two percent of junior CS facare African Americans. This is
significantly lower than the rate of representatidrstudents of about ten percent. There
has been no increase in representation of Africarericans among newly hired faculty
except in the case of teaching faculty. Hispangseasent between one and three percent
of CS faculty, much lower than the representatiomomg bachelor's and doctoral
students, and there is little difference in Hisgarepresentation among new faculty.
Native Americans are also significantly underrepnéed among CS faculty, comprising
less than 0.2 percent of current faculty. No newute-track Native American CS faculty
were hired in 2006-2007.

Figure 3.12: Percentage of CS Faculty in the Unite8tates and Canada who are African American,
Hispanic, and Native American (2006-2007)
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Source: Zweben (2008)

It is important to consider the absolute numbers@lt as the trends in academic choice
and degree completion in CS and CE. For examplegrding to the 2007 Taulbee
Survey, there were 20 African American and 20 Hspatudents who received Ph.D.s
in CS and CE in the entire United States that ydéwere were only four Native
Americans who received CS/CE Ph.D.s in 2807.

3.2.3 Concerns and Programs to Increase Minority Participation in NIT
Careers

There are many factors that are thought to cortido the underrepresentation of
African Americans, Hispanics, and Native Americansthe NIT workforce. These
overlap with concerns discussed about computingetarin general and with concerns
about the underrepresentation of women. Two issnégue to minorities are a lack of
access to education and the digital divide. Corgabout perceptions and a lack of role
models are also important, although these aremquea to minorities.

3.2.3.1 Access to Education

One of the outcomes of the ongoing effort to broadenority participation in STEM
fields has been an increased awareness within TBVIScommunity of the educational
isolation of African American and Hispanic stude®it§his isolation, coupled with a
lack of resources, has led to low levels of indtamcin math and science as well as
poorer academic preparatithEfforts to broaden participation in NIT disciplséace
the same challenge.

Math scores from the National Assessment of EdocatiProgress (NAEP) exam show
significant disparities between underrepresentatbrties and other groups at both the
fourth and eighth grade levels, as shown in Fi@ui&3*°

337 7weben (2008)

338 Kozol (2005)

339 Moses and Cobb (2001)
349 Dillon (2009)
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Figure 3.13: Grade 4 and 8 NAEP Mathematics Scordsy Race (1996-2005)
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Source: NCES (2005) and Nation’s Report Card (2889)

African Americans, Hispanics, and Native Americdrmae significantly lower math
scores than whites or Asians. These gaps remaumedaorowed slightly over the period
1990 through 2008. A 2009 McKinsey report shows thase gaps remain even after
controlling for incomé? Since math is considered one of the primary requénts at the
K-8 level to pursue NIT careers, this shows thatlaurepresented minorities are
disadvantaged early on in the NIT career pipeline.

The isolation of minority students at the K-12 lewe best shown by example. The
educational circumstances of African American stislén Atlanta, Georgia serves as an
illustrative example of the national problem of ealional access and “the sobering fact,
that secondary schools are more segregated todaythiby were 15-20 years ag®’.The
public schools in Fulton County, which encompassest of downtown Atlanta, have a
demographic balance of 40 percent African Ameristudents and 40 percent white
students? The segregation between African American and wslitelents, however, is
nearly complete and is representative of the naligrattern of racial segregation in
schools demonstrated by Jonothan KozolTihe Shame of the Nation: Restoration of
Apartheid Schooling in Amerié& In Fulton County in 2006, 70 percent of all Afaca
American students attended schools that were ni@ie 80 percent African American
and 84 percent of all white students attended dshibat were more than 60 percent
white. Nationwide, predominantly minority schooézeive lower levels of resources and
exhibit lower test scores than other scha@i$n 2006, in Fulton County, the average
SAT score of African American students who attendsseentially all black schools was
846 compared to an average SAT score of 1114 fer tlvhite counterparts. This
difference reduces the opportunities for minoritydents to attend institutions of higher
education, which closes off one of the primary patys to category 1 NIT careers. This

341 hitp://nationsreportcard.gov/Itt_2008

342 McKinsey (2009)

343Bowen et al. (2005), p. 159

344 Georgia Governor's Office of Student Achievemeiq)
345 Kozol (2005)

34® Noguera (2003)
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is substantiated by the data shown in Figure 3Thkse graphs show that African
Americans, Hispanics, and Native Americans haveiisogntly lower high school
completion rates and college attendance ratesWates and Asians.

Figure 3.14: High School Completion and College Emilment Rates by Race (1972-2006)
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95 60

. White
90 Asian
50
85 Aftican American
) 20 African American
Hispanic
7
erican Indians 30
70 Hispanic
65 20
@
60 £
8 10
3

55

White

entage (18-24 year olds) Completing High
Sch

tage (18-19 year olds) Enrolled in College

Perc

P

50 0

1072 1077 1082 1087 1002 1007 2002 1972 1977 1982 1987 1992 1997 2002 2007

Source: NCES (2008b), Ryu (2008), and Current Pajor Survey

The concern about access to education for minsrititers from the concerns related to
women that were discussed earlier. While womenugtedfrom high school and attend
college at rates greater than men, they choosdonenter NIT degree fields during
college. We saw in the previous section that umgeesented minorities in higher
education choose NIT degree fields at rates closthase for the entire population.
However, they are underrepresented in institutadriggher education.

There are a variety of programs aimed at increasdgcational opportunities for
minority students. Most of the programs at the Klé&l do not explicitly address NIT
careers. Programs in higher education tend to fouose on specific career fields,
especially STEM careers.

There are a number of programs focused on incrgdkm educational opportunities of
minority students at the K-12 level. While the seay this report does not allow us to
review all of these programs, we discuss someefthst prominent ones. The most well
known program in this area is the Head Start progran by the US Department of
Health and Human Services (HH®)While Head Start is not primarily focused on
minority children, African American and Hispanicildnen comprised about 65 percent
of total enrollments in 2008 The purpose of this program is to provide assttaio
children early in life and promote “school readmesy enhancing the social and
cognitive development of children through the psoMi of educational, health,
nutritional, social and other services to enroltddldren and families.” This program
does not address education disparities directlyriatvenes in key periods of social and
cognitive development to ensure that children hesyeal opportunity to learn once in a
formal educational environment. Head Start recealmsut $6.8 billion in federal funding
annually.

347 http://www.acf.hhs.gov/programs/ohs/
348 Head Start Program Factsheet (2008)
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The No Child Left Behind (NCLB) Aét is another government initiative with the goal
of making K-12 education more equitable and redycatial disparitie$ While it is the
subject of contentious debate, it is one of thgdat nationwide efforts aimed at making
K-12 education more equitable. In 2008, the Depantrnof Education requested $24.4
billion for NCLB.** The Upward Bound Program, funded by the Departnant
Education, also aims to prepare students from das#dged backgrounds for collede.
In FY 2009, the Upper Bound Program was budgetagdeive $313 million in federal
funding. The Educational Development Center's Gendeversity, and Technology
program has goals similar to those for Upward Botthd

Many other K-12 programs that focus on minority ogpnity are organized at the state
and local level, such as the Minority AchievemenmMaryland program organized by the
Maryland Department of EducatiétiMalcom et al. list a number of state-based equal
opportunity standards that guide education poliaieshe local level® These types of
policies at the state and local level, and how they implemented, are key factors
affecting the opportunities available to minoritydents.

Many programs aim to increase opportunities forartres in higher education. The
Level Playing Field Institute “promotes innovatiepproaches to fairness in higher
education and workplaces by removing barriers toparticipation.®® The Institute has
a number of different programs ranging from sumeaademies to scholarships. Many
programs focus on key transition points such asléwsion to attend college. The most
common of these types of programs are scholarstupsstudents who would not
otherwise be able to afford college. Some of th@egrams target STEM areas directly
while others target minorities in all fields. Oneominent example in a STEM field
related to NIT is the National Action Council foridrities in Engineering (NACME)'s
Scholars Prograrit! This program provides more than $4 million annual block
grants to colleges and universities to provide kokhips to talented underrepresented
minorities enrolled in engineering programs. Otheminent scholarship programs are
listed below.

» The Gates Millennium Scholars Program aims to ameethe representation of
minority students in the disciplines of educati@mgineering, library science,
mathematics, public health, and the scieri¢es.

» The Advancing Hispanic Excellence in Technology,giBeering, Math, and
Science (AHETEMS) Scholarship Program is “desigteeénhance and achieve

349 hitp://www.ed.gov/nclb/landing.jhtml

9 Dillon (2009); http://www.ed.gov/nclb/accountability/achieve/nab-pdf

351 hitp://www.ed.gov/about/overview/budget/budgetOBimary/appendix1.pdf
352 hitp://lwww.ed.gov/programs/trioupbound/index.html

353 http://eec.edc.org/programs/gdt.asp

354 http://www.marylandpublicschools.org/MSDE/programsiorityachievement
35 Malcom et al. (2004)

356 http://www.lpfi.org

357 http://www.nacme.org/scholars

358 http://www.gmsp.org

-120-



the potential of Latino students pursuing degraesemgineering, math, and
science.™

» The Hispanic Scholarship Fund (HSF)’s mission iddable the rate of Hispanics
earning college degrees to 18 percent by 284During the 2007-2008 academic
year, HSF awarded almost 4,100 scholarships extg&®6.7 million.

» The United Negro College Fund (UNCF) administergertban 400 scholarship,
fellowship, and institutional grants that suppoftiéan American students at the
undergraduate, graduate, and doctoral le¥els.

« The National Society of Black Engineers providethaoarships, research
opportunity, community activities, and academicmupto African American¥?

» The Development Fund for Black Students in Sciearwk Technology (DFBSST)
is an endowment fund that provides scholarships Afdican American
undergraduate students enrolled in scientific athnécal fields of study at
Historically Black Colleges and Universities (HBOQUS

» The Leadership Alliance/Schering-Plough Fellowstupports “underrepresented
graduate students in the physical or life sciendssproviding supplemental
dissertation awards for students to pursue prafaasidevelopment opportunities
as they near completion of their Ph.1%.”

« The National Consortium for Graduate Degrees fandvities in Engineering and
Science’s mission is to provide “graduate felloyeshin engineering and science
to highly qualified individuals from communities ete human capital is virtually
untapped.®®

In addition to funding, other types of programsyie academic and social support for
minorities. The Meyerhoff Scholars Program at thevigrsity of Maryland at Baltimore
County is a good example of this type of prograhThis program targets STEM
students planning to pursue advanced education.pfégram is considered a national
model because it provides a positive social andexo&c environment. The program is
highly structured, offering a pre-college residehprogram as well as regular social
events and support for research abroad. Anothegrgmo offering academic and social
support is the Mathematics Workshop Program deeel@ the University of California-
Berkeley** The goal of this program is to “reverse the lowcass rate in entry level
calculus, and the high attrition rate in math-redhfields, for African American and
Latino/Latina students who entered the universitgrested in careers in math, science,

39 hitp://www.ahetems.org/scholarships

360 http://www.hsf.net

361 http://www.uncf.org

32 hitp://national.nsbe.org/?tabid=81#scholarships
%83 hitp://dfbsst.dlhjr.com

34 http://www.theleadershipalliance.org

3% http://www.gemfellowship.org

3% http://www.umbc.edu/meyerhoff

37 http://education.washington.edu/cme/math.htm

-121-




or engineering.” Many similar programs exist atioas colleges and universities around
the country, especially in science and enginedieids.

Another way of targeting minorities in higher ediiga is through programs focused on
specific underrepresented groups. The NSF Histtyi&tack Colleges and Universities
Undergraduate Program (HBCU-UP) does exactly tbrsSTEM fields by providing
funding for implementation projects, planning ggrtargeted infusions, and mdféln

FY 2009, the NSF provided about 20 grants tota$a§ million to the HBCU-UP. In
addition, colleges can collaborate with HCBUs tgiove minority representation. For
example, a small college was able to increase septation in its graduate programs by
partnering with a nearby HBCU, targeting likelygsoeceed undergraduates and
educating them about the costs and benefits ohdugite degree. They also worked to
build these students’ confidence in performing aesle and hired mentors to provide the
students with social and academic support. Thenearng institutions also worked
together to get accreditation for the HBCU’s congpu@ngineering program. These types
of collaborations offer novel approaches to indrgasninority representation in higher
educatior’® The NSF's program Model Institutions for ExcellenIE) also provided
$3.4 million in funding to primarily minority-semqg institutions to increase minority
participation in STEM careers in 2003.For Native Americans, the NSF's Tribal
Colleges and University Program (TCUP) aims to eskaSTEM instruction and bridge
the digital divide’ Typical TCUP projects include “curriculum enhanesm faculty
professional development, undergraduate researdhcammunity service, academic
enrichment, and infusion of technology to enhantEM instruction.®”?In FY 2009, the
NSF planned to award four grants totaling $2 millio

Another pathway to higher education is through camity colleges. Some minority
students who are not prepared for college aften bahool or cannot obtain financing to
attend a four-year institution may attend a commyunollege. These students are not
completely closed off from category 1 NIT careeesduse they can transfer to a four-
year college. In 2001, NCES reported that only al@&upercent of students who began
their studies at community colleges in 1989-90 gfamed to four-year institutions by
1994. Minority students were the least likely tansfer’”® The Mathematics Engineering
Science Achievement (MESA) community college pragraims to increase transfer
rates for minority studentd? In 2007, Casale et al. reported on the succesthisf
program in California, where it succeeded in insmeg the transfer rate for minority
students from 15 percent to 95 perc&nGiven this success, MESA and Hewlett-
Packard (HP) implemented the program in six othees. At the same time that HP and
MESA were expanding into six new states, threerotie@tes adopted similar programs
with guidance, but no funding, from HP and MESA.offrer MESA program, the

368 hitp://lwww.nsf.gov/funding/pgm_summ.jsp?pims_id=548

39 Tolley (2002)

370 http://lwww.nsf.gov/funding/pgm_summ.jsp?pims_id=9&8rg=0ISE&sel org=OISE&from=fund
371 hitp://lwww.nsf.gov/funding/pgm_summ.jsp?pims_id=348

372 hitp://lwww.nsftcup.org

33 NCES (2001), p. 22

374 http://www.ucop.edu/mesa/programs/mesacccp.html

37> Casale et al. (2007)
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Engineering Program, also “provides support to atlanally disadvantaged students at
four-year institutions to attain engineering or ganer science baccalaureate degré@és.”

There are undoubtedly many more programs aimed@easing minority students’
access to education. This list covers some of thst prominent programs in a variety of
areas. In addition to the programs outlined hére NSF provides funding for broadening
participation in STEM through the Alliances for Buening Participation in STEM
program (ABPY " and in NIT through the Broadening ParticipatiorCamputing (BPC)
programé® In FY 2009, the NSF plans on awarding 20 ABP graotaling $12.5 million,
and 10 to 16 BPC grants totaling $14 million. A¢ tAh.D. and faculty level, the NSF'’s
Alliances for Graduate Education and the Profeas®(AGEP) program aims to increase
the number of minority Ph.D. recipients and minoriaculty representatiof? This
program has been credited with increasing the nundfeminority science Ph.D.
recipients between 2001 and 2008 by 34 peréemt.FY 2004, this program awarded
three to six grants totaling $6 million. In additjiomany of the STEM professional
societies provide resources to increase the paation of minorities in STEM careers,
for example, through the American Chemical Socge8cholars Prograrf.

3.2.3.2 The Digital Divide

The second major concern unique to minority reprgion in NIT careers is the
differential access to technology often referredagothe digital divide. As discussed in
the section on pathways to NIT careers, experiemgds technology are important to
developing an interest in and preparing for NITeeas. Access to technology is often
measured through basic access to computers aridtdraet. Despite increasing access
to computers among all US households, the digitaldd, while closing, persists as
access to computers and the Internet are stilhglyocorrelated with rac&? According

to data from the CPS, 46 percent of African Ameri¢ceuseholds and 37 percent of
Hispanic households had Internet access in 200& i§hn contrast to 65 percent and 63
percent of white and Asian households, respectiadyshown in Table 3.6.

378 http://www.ucop.edu/mesa/programs/mesaep. html

377 http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=486
378 http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=185
379 http://www.agep.us

380 | empinen (2009)

31 Bonetta (2009)

382 Marriott (2006)
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Table 3.6: Internet Users by Gender and Race (2002003)
Internet Users (Percent)

2001 2003
Total Population 55.1 58.7
Gender
Male 55.2 58.2
Female 55.0 59.2
Race
White 61.3 65.1
African American 41.1 45.6
Asian Amer. & Pac. Isl. 62.5 63.1
Hispanic (of any race) 33.4 37.2

Source: US Bureau of the Census, CPS Supplemepte(ber 2001 and October 2003)

These disparities are also evident in access t@uters at home. Fairlie estimated that in
2000, 71 percent of white adults had a computencahe while only 41 percent of
African American adults and 39 percent of Hispaamilts had a computer at hoffe.
There is also a disparity in underrepresented ritiasraccess to computers at school: 64
percent of instructional rooms with 50 percent ooren minority enroliment were
connected to the Internet while 85 percent of uditonal rooms with less than six
percent minority enrollment were connected to thieerhet®* The average number of
students per computer was also higher in schodls arge concentrations of minority
students’®® In addition, while the digital divide has been sitlg somewhat, inequity
remains in skill development and benefits gaineanfrcomputer acce$$.All of these
disparities in access to technology impact theguegices and opportunities of minority
students for NIT careers.

There are a number of initiatives underway to “eidhe digital divide.” Most of these
were created to address equity issues in societg adole rather than for reasons
specifically related to NIT careers. A number addeal government agencies have taken
action to close the digital divide including the gaetments of Agriculture, Commerce,
Education, Health and Human Services, Housing armht Development, Justice, and
Labor®’ The Universal Service Administrative Company is lrgest of these initiatives,
funded through contributions made by telecommuitoat service providers. These
funds are used to provide discounted service tasgpersons/organizations based on
economic need and locatiéf.

While a number of grass-roots organizations arekimgrto bridge the digital divide in
the United States, two of the most prominent nati@nganizations are the Alliance for
Digital Equity** and Connected Natiot? Connected Nation lists two initiatives for

383 Fairlie (2004)

384 Fairlie (2004), p.29

385 Fairlie (2004), p.29

3% DiMaggio and Hargittai (2001); Leigh (2002)
37 Fairlie (2004), p. 1

338 hitp://www.universalservice.org

389 hitp://www.alliancefordigitalequality.org
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bridging the digital divide: the No Child Left Onk initiative does this “by placing
computers in the hands of disadvantaged populasiorisat they have access to abundant
technological resources and can perform basic cangpfunctions,” and the Computer 4
Kids program in Tennessee which has similar goalswumber of state programs are
undertaking similar efforts including:

» Connect Kentucld*

» Connected Tenness&e
» Connect Ohi&*®

» Connect West Virgini&*
» Connect Minnesot&

» Connect South Caroliffa

In addition to these ongoing efforts, the Obama iathtnation included funding to
expand broadband access in the 2009 economic ssnpdckage. The spending bill
called on the Federal Communications CommissiorC)RG create a national broadband
plan to increase access and affordability by Felgrab2010%’

The Technology Access Foundation (TAF) is an exangfl a program targeted at
bridging the digital divide beyond just increasimgernet acces¥® The mission of TAF

is to prepare “underserved children of color fayh@r education and professional success
by providing a rigorous and relevant K-12 currigultl They do this through two main
programs: TechStart, which provides after schaohing to K-8 students in STEM, and
the TAF academy, which focuses on students in graee2.

3.2.3.3 Perceptions and Role Models

While access to education and the digital dividetawo unique factors affecting minority
pathways to NIT careers, negative perceptions ardck of role models are also
important issues facing minority students. Both tlhése factors can lead minority
students to become discouraged about their prasgectsuccess in NIT careers. A
number of programs have been created to address ifsies.

Many minority students are still embroiled in whalaude Steele referred to as the
“stereotype threat’ That is, they are threatened by the stereotypestiggests that they

39 http://www.connectednation.org

391 hitp://www.connectkentucky.com

392 hitp://www.connectedtennessee.org

393 http://www.connectohio.org

394 http://www.connectwestvirginia.org

39 http://www.connectmn.org

3% http://www.connectsc.org

397 Kang (2009)

398 hitp://www.techaccess.org

39 Steele and Aronson (1995); Steele (1997); Std€ieq)
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will not perform well in certain subjects. Negatistereotype threats are compounded by
a lack of counterfactual evidence. With respecpathways to computer science, the
extremely limited number of African American andspi@nic computer scientists and the
limited exposure students have to them contribtddbe cycle of poor preparation, poor
performance, and low expectations. The engineedisgiplines have developed a
roadmap informed by nearly 30 years of experiemcaddress this problem and have
engaged an increasingly large number of studerttseirffort through organizations such
as the National Society of Black Engineers and Sbeiety for Hispanic Professional
Engineers?®

The computing community has also undertaken effastgrovide support and role
models through a variety of different programs. @hé¢he most prominent programs is
the Richard Tapia Celebration of Diversity in Cortipg Conference, held annually with
the goal of “providing a supportive networking emmviment for under-represented groups
across the broad range of computing and informatechnology.”* The Tapia
conference includes a technical program of semirard presentations, a robotics
competition, and several networking events. Anothrganization actively involved in
trying to diversify the NIT workforce is the Coadih to Diversify Computing® This
organization undertakes a number of diversificagdiorts through collaborations with
other organizations such as the CRA-W. Its focumisliversifying the NIT student body
at the graduate level. Many programs with similaalg exist at universities across the
United States, although there are too many tarighis report. One example of this type
of program is Texas A&M’s Computing Sciences antialce for Minority Participation
Progrant®

A number of broader diversity programs also ainmétp individuals already in the NIT
workforce. Black Data Processing Associates (BDBépports a number of programs
providing technical training, mentorship, and aietyrof other resources to minorities in
the IT industry?®™ The Career Communications Group is a consulting fproviding
corporations with advice on diversity programs, eesqlly for STEM workers'®
Although not focused directly on the NIT workforcie INROADS program has a
mission of developing and placing minority youthhinsines$% In addition, most NIT
employers have diversity programs, such as the MITRorporation;*” Northrop
Grummart® Microsoft;* and Oraclé;° among others.

4% George (2001)

01 hitp://tapiaconference.org

92 hitp://www.cdc-computing.org

403 hitp://csamp.wordpress.com

94 http://www.bdpa.org

405 hitp://lwww.ccgmedia.com

“% http://www.inroads.org

407 hitp://lwww. mitre.org/employment/diversity.html

408 hitp://www.northropgrumman.com/corporate-respotisiiliversity/
409 hitp://www.microsoft.com/about/diversity/default.pxs

410 hitp://www.oracle.com/corporate/community/workfoldigersity. html
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3.3 Persons with Disabilities

Persons with disabilities are underrepresentedldeaels of the NIT career pipeline
relative to their representation in the populatidecording to the Census Bureau, in
2000, persons with disabilities comprised 20 pdradrthe US populatioft! In 2004,
persons with disabilities comprised 5.5 percenthefscience and engineering workforce
and 4.6 percent of workers in the field of compued information scienc®? The
representation of persons with disabilities in Mélated fields is lower than both their
representation in the population and across all 8&lHs.

In 2004, at the undergraduate level, 13 percent stfidents enrolled in
computer/information sciences programs were persatis disabilities. While this is
lower than the representation of persons with disaks in the population, it is the
highest level of representation among S&E fieldshet undergraduate level. At the
doctoral level, the number of CS degree recipien004 was much lower at one-half of
one percent. This is lower than the average ratalf&6&E degrees (one percent) and is
around the same rate as for many engineering degregtuding electrical engineering)
which have the lowest rate of representation fosqes with disabilitie$*

The literature on barriers facing persons with ligges for NIT careers is limited. In
2002, Schartz et al. reviewed the literature orriéar to IT careers for persons with
disabilities!** These barriers include factors such as acceds#rsportation, attitudes of
firm personnel, and available technologies. Basethe empirical literature, the authors
conceptualized the theoretical model of the factbed affect the IT job prospects of
persons with disabilities shown in Figure 3.15.

I hitp://factfinder.census.gov/jsp/saff/fSAFFInfo.jspageld=tp4_disability
*12NSF (2007)

“B3NSF (2007)

4 Schartz et al. (2002)
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Figure 3.15: Theoretical Model of Factors AffectingNIT Job Prospects of Persons with Disabilities

Environmental Factors

Accessible transportation
Accessible housing in the community
Health care needs

Economic forces

Outcome Variables
Organizational Factors )
Hiring rate
Corporate culture
Advancement rate
Accommodations provided .
Retention rate
Awailability of assistive and accessible technology
Wyages

Attitudinal Factors Hours worked

Attitudes and experiences of HR personnel Training effectiveness

Attitudes and experiences of IT trainers

Aftitudes and experiences of co-woarkers

Individual Characteristics

Age, gender, sthnicity, education, socioeconomic
status, social support network, health status,
disability, |.T. experience

Source: Schartz et al. (2002)

Schartz et al.’s review of the literature foundtthrnagers’ lack of knowledge about the
requirements and cost of providing accommodatians$ @out the differences among
types of disabilities is a major factor affectinigetjob prospects of persons with
disabilities. Additionally, the lack of role modeland knowledge about legal
requirements prevents workers from perceiving th&sility of working in an IT career.
Schartz et al. recommended tax policy as an oveeldancentive for IT firms to hire IT
workers.

Overall, Schartz et al. found the research indném to be sparse and pointed to the most
significant work in this area in the “IT Works” mgam at the University of lowé: This
program, funded by the Department of Educationedak longitudinal, interdisciplinary
approach to understanding the dynamics of the Borlamarket for persons with
disabilities. Chapple et al. reviewed 26 IT tramiprograms targeting disadvantaged
persons (including persons with disabilities) amdinid some commonalities among
successful programs such as providing soft-skifisiing and keeping pace with changes
in industry?*® Together with the IT Works program, in 2003 théAN launched the IT
Works Ability Awards, a national awards program ageizing IT firms that have
developed effective strategies to promote the eympémt and advancement of people
with disabilities!"’ It is unclear whether this program still existbeTiterature on persons
with disabilities in IT has remained relatively spasince the early 2000s.

There are a number of programs to increase theipation of persons with disabilities
in IT careers, although most focus on all careeasr The University of Washington’s
Disabilities, Opportunities, Internetworking, an@&chnology (DO-IT) program runs a

415 hitp://disability.law.uiowa.edu/itworks/
“1® Chapple et al. (2000)
417 hitp://www.itaa.org/policy/competitiveness/headlaf?1D=495
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one-week summer camp for children with disabilitieslearn more about technology.
The program emphasizes a one-to-one ratio of staderacilitators'™® The International
Association of Jewish Vocational Services providemputer-based training to persons
with disabilities through its disAbility Employmeititiative.**® The Job Accommodation
Network at West Virginia University provides personith disabilities with information
on job accommodations, entrepreneurship, and cefatbjects®

In addition, a number of employers support persaitis disabilities, for example, IBM’s
programs called Project Able, Project View, andrimoint’** While other programs
focusing on persons with disabilities in IT carekksly exist, it is difficult to identify
specific programs focused on this issue becaus@riigrams are usually embedded in
larger programs focusing on workers with disal@timore generally. The ACM has a
special interest group focused on IT and persotis avsabilities, although this group is
focused more on utilizing technology to assist pesswith disabilities than it is on
disabled persons in the NIT workforé.

3.4 Lessons from Other Fields

Diversity initiatives are being undertaken acrdss workforce. Many of these do not
target specific professions but the workforce aghale, for example:

» The DiversityJobs.com network provides forums, bland news on diversity in
the workforce'®

» The Workforce Diversity Network is “dedicated tmfessional development,
understanding, promotion, and management of diyeasian essential part of
business succes§”

» Equal Opportunity Publishers publishes career magaZor women, minorities,
and persons with disabilitiés.

While there are many more organizations targetingrdity throughout the workforce,
we choose instead to focus on examples of sucdgmsigrams in specific career fields
that could provide lessons for NIT. Relevant fieldsge from nursing to law.

The field of nursing provides some examples of i efforts that may be applicable
to NIT. Nursing experiences an underrepresentatfomen rather than women. About
five percent of registered nurses in the UnitedeStare men. In response to such low
levels of representation, the American Assembly Nten in Nursing have organized
conferences and award ceremonies, and they hosbaite with links to resourcés.

418 hitp://www.washington.edu/doit

419 hitp://lwww.iajvs.org/services/disabilities.htm

420 hitp://www.jan.wvu.edu

421 hitp://lwww-03.ibm.com/able/access_ibm/execbrieflipmoviding
22 hitp://www.sigaccess.org

423 hitp://network.diversityjobs.com

424 hitp://lwww.workforcediversitynetwork.com

42 hitp://www.eop.com

428 hitp://www.aamn.org
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They also produced a video entitled “Career EncangntMen in Nursing.*” These
programs provide examples of gender image inigatithat might be applicable to NIT,
although there have been few assessments of thacingd such programs. Beyond
gender disparities, MinorityNurse provides schdigrs and links to resources for both
men and underrepresented minoritf@Similar websites already exist in NIT fields. As
in the NIT field, non-traditional educational irtstions such as the Excelsior College of
Nursing claim to be better at developing a divesgedent body than their traditional
counterparts’” Leveraging these non-traditional institutions twrease diversity is
something that is not widespread in any of the erafields we examined. There are also
a number of groups providing funding for minorit@sd men to pursue nursing careers,
many specifically targeted at increasing the nundfemderrepresented facuffy Many

of these organizations reach out to America’s ydhtbugh “schools, counselors, youth
organizations, and other outlets to encourage aengorerse population of nursing
students.”® Specific programs target guidance counselors anget middle school
children through career days and high school stisddgmough shadow day¥.There is
much concern in nursing outreach about the ne¢arget students at a young age. While
we have seen this concern raised a few times ilNthditerature, it is not as prominent.
Coupled with the lack of literature on NIT careathways before college, this appears to
be an area where future focus might be warranted.

Minorities and women are underrepresented in meglias they are in NIT occupations.
However, the representation of women in medicireihereased over time. According to
BLS data, women comprised 16 percent of the phgsievorkforce in 1983 and that
fraction grew to 31 percent by 2008. African Amaris and Hispanics comprised five
and four percent of the physician workforce in 208&umber of initiatives have been
undertaken to increase the representation of bothem and minorities in medicine. For
minorities, the Association of American Medical &ges (AAMC) has set up a website
to provide resources and best practices for ingrgasninority participation in
medicine*** We saw similar websites in nearly every caredd fiee examined. Daley et
al. reviewed a number of programs that they categdras successful in increasing
minority faculty participatiorf* They found that areas important to success include
mentoring, providing an environment conducive tocgss, and sustaining support. All of
these are areas we have seen mentioned in diversigyams for NIT careers. In 2005,
the AAMC and the American Dental Education Assacia{ ADEA) announced a joint
effort to increase diversity by providing a sumngmrichment program for minority
undergraduates planning to pursue medical or deataers®* We have seen that there
are a variety of similar NIT programs at both thghhschool and undergraduate level.

427 hitp://lwww.davisgrayinc.com/page6/page10/pagel0.htm
428 hitp://lwww.minoritynurse.com

429 Excelsior (2007)

430 hitp://lwww.aacn.nche.edu/Diversity/index.htm

31 Goodin (2003)

32 Goodin (2003)

433 hitp://lwww.aamc.org/diversity/aspiringdocs/starnht
“34Daley et al. (2008)

438 hitp://www.aamc.org/newsroom/pressrel/2005/050382.h
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Although there are many other initiatives to insealiversity in medicine, none stand
out as particularly informative to NIT.

The legal profession is another field in which bottomen and minorities are

underrepresented and initiatives might providegints for NIT. In 2008, 34 percent of

lawyers were women, five percent were African Armamn, and four percent were

Hispanic. In 2005, Parker outlined five reasons whgmen and minorities are

underrepresented in the legal profession, includmgufficient aspiration and knowledge

of the possibilities offered by a legal career,hhgghool and college preparation that is
inadequate for law school entrance and success,getormance in law school (a lack

of “persistence”), and low bar passage rateBarker argued that efforts to increase
diversity need not be that costly and can inclungke things such as:

 donations of used law books and replaced computers;

« inviting high school students to visit the law sechoampus for a day of law
school classes designed for them and lunch inatlvesthool cafeteria;

* a similar visit to the college campus;

a weekly one hour law student mentoring program,;

 a speakers program, taking advantage of previaglgduled law school events
and volunteer alumni presentations;

« periodic receptions and visioning sessions for lsigiool teachers and mentors;

a monthly Saturday seminar at local law firms aodrts.

In addition to programs such as these that arenargd at the university level, there are a
variety of scholarship programs for minority stutds’ Most of the programs and
initiatives to increase the diversity in the legabfession that we examined were similar
to those found in other career fields, such aslacsinips, mentorship, and social support
networks.

Overall, we find that diversity efforts in NIT awery similar to diversity efforts in other
career fields. There are very few programs andhainies in other fields that stand out as
novel approaches that could be applied in NIT elgard to minorities, many of the issues
related to disparities in K-12 education affectcalteer fields including NIT. Therefore, it
is no surprise that many of the efforts undertaleemcrease minority participation are
similar across career fields. Gender dispariti@saia in many professions, although to a
greater extent in NIT than in medicine or law. brsing, gender disparities are reversed
and even more substantial than in NIT despite nedfoyts. As in NIT, gender roles and
perceptions appear to be one of the major factffiectang these disparities in all
occupations. While efforts have been undertakeprtivide a more balanced gender
image in many of these professions, long-standiegstypes remaif{®

3¢ parker (2005)
437 http://www.wcl.american.edu/outsidescholarshipsdsity.cfm
438 White and White (2006)
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4. INTERNATIONAL COMPARISONS
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The final section of this report focuses on commathe NIT workforce in the United
States to the NIT workforces of its current andufat global competitors. The
countries/regions chosen as competitors includé&tirepean Union, Japan, South Korea,
Singapore, Taiwan, China, and India. While theserat all of the US competitors, they
comprise a large fraction of the global NIT worlder We also include information on a
few other countries where there are unique aspédteir workforces that are relevant to
the United States.

Consistent data on the NIT labor force outsidehef Wnited States are lacking. The data
that are available are either at too high a levelggregation or not consistent with our
definition of the category 1 NIT workforce. Discimss of programs and initiatives
focused on NIT at the country level are more rgaaMailable, although they often do not
describe levels of funding. The literature in anedating to NIT pathways, career choice,
and expansion of other scientific disciplines issmg for all of the countries studied.
This section begins by making comparisons of tlze sif the NIT labor force across
various countries. The remaining sections charaet¢he NIT workforce in each country
and outline programs and initiatives undertakethmge countries.

4.1 Cross-Country Trends

This section compares workforce trends among thatoes we studied. While much of
the available data are not consistent across deanta few sources provide useful
comparisons.

4.1.1 Size of the NIT Workforce

We begin by attempting to estimate the size ofNReworkforce in the countries chosen
for this study, using a number of different sources

4.1.1.1 International Labor Organization

The International Labor Organization (ILO) attemiat€ollect consistent labor force data
across countries. The ILO utilizes the Internatiorgtandard Classification of
Occupations (ISCO-88). This classification systeas Imajor groups, sub-groups, and
minor groups. In order to achieve a high level afigistency, the ILO labor market data
are only available at the level of major groupse TWo major groups that include NIT
occupations are Major Group 2: Professionals, arajoMGroup 3: Technicians and
Associate Professionals. The relevant NIT groupis;groups, and minor groups are:

* Major Group 2: Professionals
0 Sub-group 21: Physical, mathematical, and engingestience
professionals
= Minor group 213: Computing professionals

» Major Group 3: Technicians and associate professson
o Sub-group 31: Physical and engineering sciencecegeqrofessionals
= Minor group 312: Computer and associate profestsona
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Although the ILO data do not allow us to break BT occupations, the data provide a
general sense of the size of the professional ldvoe in the countries of interest. Table
4.1 shows the number of workers in Major Groupsnd @ for many of the countries
studied. Data are not available for China, Indra @aiwan.

Table 4.1: ILO Labor Force Estimates
Groups 2&3 | Per Million

Rank  Country (thousands) | Inhabitants

1|United States 30,812 102
2|Japan 14,350 113
3|Germany 13,70p 166
4|France 7,96p 124
5|United Kingdom 7,825 128
6|ltaly 7,289 125
7|Spain 5,068 125
8|South Korea 4,641 96
9|Poland 4,161 108
10|Sweden 1,77p 196
18|lsrael 926 130
19|Finland 872 166
22|Ireland 645 155
23|Singapore 63[L 137
-|China n/a n/a
-|India n/g n/a
-|Taiwan n/a n/a

Source: International Labor Organization and CIA NdoFactbook

The United States has the largest professionaltecishical labor force, followed by

Japan and Germany, each with about half as mankenoras the United States.
Countries with the largest number of professionad @aechnical workers per capita
include Sweden, Germany, and Finland. The ILO daé&anot very useful for making

inferences about the size of the NIT workforce. @stimate for the size of the category
1 NIT workforce in the United States representsyoabout 10-15 percent of the

professional and technical workforce in the UnitStates estimated by the ILO.

Therefore, in order to get a better picture of gkabal NIT workforce, we must look to

other estimates.

4.1.1.2 OECD Estimates for Employment of Top 250 IC T Firms

Another source that can provide insights aboutrétative size of the global NIT labor
force is employment data collected by the OECDtler Top 250 ICT firms. The OECD
compiled employment data for these firms by coumtry2000 and 2006. Figure 4.1
compares the employment estimates for each ofdbatdes represented in the OECD
data. These estimates capture both NIT and nonwidirkers in the top 250 ICT firms,

-134-



which makes it difficult to compare these estimai@shose for the NIT workforce.
Nonetheless, it allows us a consistent metric &otasompare countries.

Figure 4.1: Employment in Top 250 ICT Firms (20002006)
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The United States has the largest number of workettge top 250 ICT firms, with more
than 3.5 million workers in 2006. Next are Japaithwlmost three million workers, and
the EU with about 2.5 million. The declining numlzdrworkers in the EU is possibly
due to a shift in the types of ICT firms employiNgl workers, rather than a real decline
in the number of workers. Between 2000 and 200&,tinee countries with the fastest
growing number of workers in the top 250 ICT firrmie Taiwan (a 16-fold increase),
India (a 13-fold increase), and China (a 2-fold@ase). Figure 4.2 shows the same data
excluding the United States and Japan, and breakihghe EU data by country. In this
figure we see a significant increase in the Taiwanéndian, and Chinese workforces in
the top 250 NIT firms. We also observe declinesstame countries that are likely due to
a shift in the composition of the NIT workforcehrat than a real decrease in the size of
the NIT workforce. It is important to note that dhwuntries with large ICT firms will

be overrepresented in these numbers.
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Figure 4.2: Employment for Smaller Countries in Top250 ICT Firms (2000, 2006)

900,000 -

—e— Australia
—=— Canada
Taiwan ——China
—x— Austria
Germany —e—Belgium
—+— Denmark
China Finland
/ France
—4—Germany

France

800,000 -

700,000 -

600,000 +

Greece
Hungary
Ireland

Italy
Netherlands
Portugal

500,000 +

400,000 -

300,000 -
e Spain

¢ India d
: Sweden
Spain
200,000 + P United Kingdom
—#— ndia
100,000 1 ———— Finland —I—Kore,?
—x— Russia
: Singapore
0 T 1 | == Taiwan
2000 2006

Source: OECD (2008)

4.1.1.3 Comparison of Country-Specific Estimates

We compiled labor force data from a variety of @iéint country-specific sources for
each country included in this study. Using thedma,dae estimate a range for the size of
each country’s NIT workforce, as shown in Figur8.4£ach estimate is based on a
compilation of country-specific estimates utilizirdjfferent definitions of the NIT
workforce. The estimate for the United States ranfyem the OES estimate of 2.8
million to the CPS estimate of 3.5 million. Esti@stfor other countries are discussed in
the following sections.

Figure 4.3: Global NIT Workforce Range Estimate Conparisons
s -
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I
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States Korea

It is clear from this figure that the United Stakes a NIT workforce larger than any but
the EU’s. The EU NIT workforce is estimated to levieen 6.5 and 7.5 million, but this
estimate is inclusive of both category 1 and 2 woskTherefore, the EU category 1 NIT
workforce is likely significantly smaller, possibBven smaller than that of the United
States. While estimates for the size of China’s Midrkforce range as high as four
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million, this appears to be inclusive of both catgg2 NIT workers and IT-enabled
workers. The category 1 NIT workforce in Chinaikely much smaller. Table 4.2 shows
the sources and estimates used to derive the emtigeates above.

Table 4.2: Comparison of Country-Specific Estimate$or NIT Workforce Size (Millions of Workers)

Country/Region/Definition 2001|2002 20032004 20052006 2007 2008/Range EstimateSource

United States 2.8 -3.5
NIT Category 1 Workforc | 3.24 3.04 3.21 3.11 3.24 3.34 3.53 Current Population Survey
NIT Category 1 Workforc | 2.33 2.3q 2.34 2.6q 2.64 2.64 2.74 Occupational Employment Survey
NIT Category 1 Workforc 2.2 2.43 SESTAT
China 1.0-4.
ICT workforce 4.10 orld Bank (2004)
Software Servicgs 0.p0 \World Bank (2004)
Manufacturing 3.50 \World Bank (2004)
Software Servicgs 0’5 NRC (2008
EU 3.0-7.
ICT specialists (narrow) 6.69 OECD (2008)
IT employment 7.43 EITO and Eurostat (2007)
India 0.7-1.
IT Software and Services 0J36 0142 (.49 .59 [0.70 1.2 NASSCON
Software Expojft 0.26 0.1 0oJ71 NRC (2008
VLSI Engineerp 0.91 NRC (2008
Japan 1.0-1.5
ICT workers in big firms 0.70 METI (2008)
Employment in ICT Sectpr 4.03 3182 3177 3.78 .78 B.85 MIC (2008a)
Software Engineeys 1.0d MIC (2008b)
Singapore 0.1-0.7
ICT workforce 0.1 0.11 0.12 03 IDA (2007)
South Korea 05-1.5
ICT workers 120 130 1.37 1.38 1.9 1j1 KAIT (2006)
Taiwan 0.3-0.7
ICT workers 0.72 TIER (2009)

There are no projections for the size of the glddAl workforce available across all
countries. Some countries make their own projestiout these data usually use varying
definitions and cover differing periods of time.

4.1.2 Other Global Workforce Trends

A 2008 report by the Computing Technology Indugssociation (CompTIA) explored
worldwide trends in the IT workforce. The reporufal that global IT managers are
“bullish” about the growth of the IT workforce, \Witthe majority saying that they
expected the number of IT employees on their staftheir country, and worldwide to
increase over the next five years. Many managepsesged that there were not enough
gualified IT candidates in the country in whichylveorked. Managers in Russia, Poland,
Japan, and South Africa were more likely to pomtshortages while managers in the
United States, Italy, and India were more likelystty that there were more than enough
qualified IT workers in their country. CompTIA cted an index of confidence in the IT
job market by country using individual survey respes. This index is shown in Table
4.3.
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Table 4.3: CompTIA (2008) Worldwide IT Job Market Confidence Index

Rank Country Category

1 India Emerging

2 China Emerging

3 Russia Emerging

4 Poland Emerging

5 South Africa Emerging

6 Japan Established
7 United States Established
8 Canada Established
9 Australia Established

10 Italy Established

11 United Kingdom| Established
12 Germany Established
13 Netherlands Established
14 France Established

Source: CompTIA (2008)

IT managers in India and China were the most Bulabout their IT job markets,
followed by Russia, Poland, and South Africa. Thatét States ranked seventh in this
index. These rankings were consistent with a dmingtcreated by CompTIA based on
common survey responses that labeled India, CRnasia, Poland, and South Africa as
emerging NIT countries and the remaining countaefaving established IT workforces.
IT managers from emerging countries were more agticnabout IT workforce growth
than those in established countries.

4.1.3 Students Pursing Degrees Abroad

In 2005, over 2.7 million college and universitydtnts worldwide were enrolled in
institutions outside of their country of citizenghia 4.9 percent increase from 2004.

About half of these students attended schools édcah the United States, France,
Germany, and the United Kingdom; 21 percent atténsthools in the United States.
Earlier sections of this report discussed the imacof foreign students enrolled in US
NIT programs but did not address US students exdolh NIT programs abroad.

Unfortunately, this information is not available.owever, the OECD estimates the
number of students from each country enrolled abinaall degree programs. In 2005,
38,672 US citizens were enrolled in tertiary (ediocafollowing secondary/high school)

institutions abroad. US students pursuing degréesad tend to attend institutions in
English-speaking countries. The largest proportiérUS citizens enrolled abroad (37
percent or 14,385 students) were enrolled in schimothe United Kingdom (UK). Other

popular destinations for US institutions includedr@any (9 percent) and Australia (8
percent). Table 4.4 shows the number of US studemidying abroad by destination.
Data are not available by destination country fastmon-OECD countries.

439 OECD (2007)
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Table 4.4: US Students Pursing Degrees Abroad by @otry of Destination (2005)

Destination Country

Number of US Students

Fraction of US Students

United Kingdom 14,385 37%
Germany 3,363 9%
Australia 3,226 8%
France 2,429 6%
Ireland 2,168 6%
New Zealand 2,077 5%
Japan 1,552 4%
Korea 371 1%
China N/A N/A
India N/A N/A
Singapore N/A N/A
Taiwan N/A N/A

Source: OECD (2007)

The United States sends fewer students abroad €greds than many of the other
countries studied in this repdft.China sends the most students to study abroade mor
than 404,664 students in 2005; 23 percent of tkddeese students were studying in the
United States. Table 4.5 lists the number of sttgdstudying abroad and in the United

States for each of the countries studied in tipsmeand a selection of EU countries.

Table 4.5: Students Pursuing Degrees Abroad by Cotny of Origin (2005

Country of Origin Students Studying Abroad Number Studying in US Fraction Studying in US

China 404,664 92,370 23%
India 139,223 84,044 60%
Korea 96,423 55,731 58%
Germany 66,811 9,024 14%
Japan 62,853 44,092 70D0
France 53,864 6,84)7 13%
United States 38,672 - -
United Kingdom 21,847 8,60 39%
Singapore 19,162 3,937 20
Taiwan N/A N/A N/A

Source: OECD (2007)

The data presented above are not available by eldgld. However, the OECD tracks
degree fields by destination country. Finland & thmost attractive destination for foreign
students studying for degrees in sciences, agui@jltengineering, manufacturing, and
construction; 40 percent of students studying m&#id in 2005 were pursuing degrees in
these fields. In the United States, 34 percenbdifin students were studying for science
and engineering degrees while 31 percent were stgdyr degrees in the social sciences,

business, and laff*

*0 There is little data on students who study abroadnly part of their degree programs (6-12 moyths

although it is likely that the US would rank higherthis category.

“1OECD (2007), p. 311
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4.2 Country-Specific Trends and Initiatives

Most international NIT labor force information iwvalable at the country level. The
following sections present trends in the NIT work and programs and initiatives
being undertaken to strengthen the NIT workforcthencountries selected for this study.

4.2.1 European Union

The Information and Communications Technology (I@7grket (analogous to NIT) in
the EU grew at a rate of 4.3 percent in 2007, t8 @ilion euro, and was expected to
grow by about three percent annually in 2008 ar@®28 Due to the economic downturn,
in late 2008 the European Information Technologysé&tatory (EITO) decreased
projected growth for 2009 from three to two percédiite EU countries with the highest
growth rates in 2007 were Spain at 4.6 percentFnatice at 3.2 percent. The major
sectors of ICT growth in the EU are projected tono¢ebooks (projected 9.9 percent
growth in 2008), Internet access and services (fi€rZent projected growth), and mobile
data services (11.1 percent projected growth). miagn products driving ICT growth
across the EU are flat-screen televisions, gameates, and navigation devic&sDue

to this sustained growth in the ICT industry, thées been a strong demand for NIT
workers in the EU.

The EU uses the term “e-skills” to refer to the wiexlge and aptitude needed to use ICT
in daily life. Thus, e-skills are seen as a critisgue in the establishment of the future
European “Information Society” and in developing iiCT workforce. This is especially
important in the context of the European Informatiociety 2010 (i2010), which links
ICT-related activities at the European Commissig@)(with the broad Lisbon Agenda
on increasing EU competitiveness.

In 2002, the EC held a European E-Skills Conferanc€openhagen. The conference
integrated themes and concerns raised in sevet@pbandent study groups and initiatives
on the future of the European ICT industry. At ttenference, the EC initiated the
formation of the “E-Skills Forum,” which organizedconference in 2004 to construct a
long-term strategy for addressing ICT-related wor&é issues. This activity culminated
in a September 2007 Communication from the Euro@@anmission titled, “E-Skills for
the 2F' Century: Fostering Competitiveness, Jobs & Grditith

The 2007 Communication identified five key challeagn meeting the e-skills needs of
the EU for the future:

A lack of recognition of the coming shortage of I@drkers;

* The lack of a cohesive, EU-wide approach to eskill

“2EITO (2008)
“3EITO (2008)
444 Commission of the European Communities (2007)
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« The image problem of ICT as a profession, and dudirtk in the supply of highly
skilled ICT workers;

* The insufficient coordination and cooperation betwérmal (university-based)
ICT education and industry-based training;

» The general persistence of “digital illiteracy.”

In its analysis of the e-skills situation in Eurppgbhe EC has identified three broad
categories of e-skills:

* ICT user skills, referring to skills needed by zgtns who do not make a living
from ICT work;

* ICT practitioner skills (called “ICT specialistsylthe OECD), referring to skills
used by professionals in ICT-intensive occupati@kgls for IT workers);

» “E-business” skills, referring to the capacity efSmesses to use ICT to improve
their operations and competitiveness (skills foefabled workers).

This section discusses the perceived crisis irEtlm®pean ICT workforce, and the steps
being taken by the EC and individual European naliggovernments to deal with that
crisis.

4.2.1.1 NIT Workforce Trends

The EU compiles very little data on the NIT worlder While the Eurostat Labor Force

Survey provides good information on the EU workéoat an aggregate level, it does not
provide much useful information by occupation. Hest comparative data on this issue
comes from the OECD, which calculates the shat€®foccupations in the economy for

the EU countries in the OECD. Figure 4.4 showsdhmcentages in 1995 and 2007 for
each of the OECD countries.
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Figure 4.4: Share of ICT Specialists Occupations ithe Total Economy, Narrow Definition, 1995 and
2007
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Source: OECD (2008)

In 2007, the EU 1% had a lower share of NIT workers than CanadalJhiéed States,
and Australia. Sweden and Finland have seen tlyedaincrease in the share of NIT
professionals from 1995 through 2007, while Fraawee Ireland are the only two OECD
countries to have their share decrease over tme period. These data show that the
United States ICT workforce comprises about 3.&¢mtr of the total workforce. Using
the CPS data, we calculated this fraction to bauaBat percent. Therefore, it appears
that the narrow definition of an ICT worker usedthg OECD may still be broader than
the definition of the category 1 NIT worker usedhrs report.

We used the fractions above together with the OR@iEkforce data to estimate the size
of the ICT workforce in the EU. We were only aldedo this for EU countries that are in
the OECD. We calculated the number of ICT workarEW OECD countries to be about
6.7 million. We also calculated another estimatengigotal EU employment data
provided in the Eurostat database and an estimgtehb European Information
Technology Observatory (EITO) that the IT sectquresented 3.4 percent of all EU
employment in 2007° This led to an estimate of NIT employment in the &f 7.4
million. However, as we discussed earlier, thisirdébn is likely broader than the
definition of the category 1 NIT workforce used tinis report. Kolding and Kroa
projected the size of the Ekktworkinglabor force in 2008 to be about 1.2 millith.
Given that the NRC estimated the size of the categddNIT labor force to be twice as
large as the category 1 labor fofeye estimate a wide range for the category 1 NIT
labor force in the EU ranging from three to seveflion. There are no data available
breaking out the EU ICT workforce by sector or fizenship requirement.

*5This includes: Austria, Belgium, Denmark, FinlanBrance, Germany, Greece, lIreland, ltaly,
Luxembourg, the Netherlands, Portugal, Spain, Swealed the United Kingdom.

4% Tovar-Caro (2009)

47 Kolding and Kroa (2005), p. 7

“8NRC (2001)
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The UK has one of the largest IT workforces of &y country. Data on the IT
workforce in the UK and the underrepresentatiomoien are available in a report co-
authored by the UK Department for Business Entsepaind Regulatory Refortfi.

Figure 4.5 shows the size of the UK IT workforcel éime percentage of women in the IT
workforce from 2001 through 2008. The size of the I workforce declined slightly
from 1.25 million in 2001 to 1.2 million in 2008naverage annual rate of decline of 0.4
percent.

Figure 4.5: UK IT Workforce and Female Representaibn (2001-2008)
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Like in the United States, female representatiorth@ UK IT workforce is low. It
decreased from about 27 percent in 2001 to 23 peme2008. Women in the UK are
underrepresented to an even greater degree amaonguter engineers (two percent) than
in other IT occupations. Colley et al. describeansoof the prevailing reasons for
women’s underrepresentation in the UK, which amilar to those for the United
States™ In 2007, women’s representation in ICT occupatiaoss Europe was lower
than in the United States, as shown in Figure 4.6.

9 Department for Business Enterprise and Reguldefprm et al. (2009)
0 Colley et al. (1994)
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Figure 4.6: Labor Market Representation of Females in ICT Occuptions within Selected European
Countries (2007§**
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Many of the reasons for underrepresentation of womeNIT careers in other countries
are the same as those discussed for the UniteesStTawo studies published in the early
1990s discussed the role of computer anxiety anvemigen in Spain and Australi&.
Other concerns raised in Western countries areitlerrepresentation of women in the
higher levels of IT and overrepresentation in thedr levels'>

Many NIT workers in the EU are foreign. While estites of the number of immigrant
NIT workers in the EU do not exist, there is eviderhat immigrants are a significant
source of high-skilled talent. For example, thetia of immigrant workers with at least
a tertiary education in the EU (25 percent) is elés that in the United States (30
percent)> The EU is also undertaking efforts to expand hagifled migration. A 2004
EU report titled E-Skills for Europe: 2010 and Beyomgcommended that the EC
undertake “efforts to maintain and enhance thadtitreness of the European Union for
inward investment and inward migration of high-teebrkers” as part of developing a
long-term strategic approach to the ICT sectoOne of the most significant EU
proposals to attract high-skilled workers is a jmsg) for a “blue card” that would create
a single application procedure for high-skilled +t6ld workers to reside and work within
the EU®® The proposal aims to attract up to 20 million hygkkilled workers from
outside the EU? Currently, EU countries have differing policieswards foreign
workers, with most requiring labor market “test€fdre issuing work visas. Salt et al.

1 Fraction of Women in ICT occupations in the UKfeli§ from earlier estimate due to use of different
datasets for UK and EU-wide comparisons in Depantrfer Business Enterprise and Regulatory Reform
et al. (2009)

52 Farina et al. (1991) and Okebukola et al. (1993)

53 panteli et al. (2001), Tijdens (1997)

454 Lowell (2008)

“55 European E-skills Forum (2004)

5% Cerna (2008)

7 http://ec.europa.eu/prelex/detail_dossier_real.€fm2n&Dosld=196320
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(2004) noted that these tests are often abbrevatéghored for highly skilled workers,
“especially in ICT.**®

4.2.1.2 Supply of NIT Graduates and Workers

The EC provides estimates of the number of graduaydevel of education and degree
field going back to 1998 for all countries in thel BNe extracted data covering graduates
from levels five and six of the International Stardl Classification of Education
(ISCED), which covers all tertiary education. Uritorately, the fields of study in the EU
data do not correspond directly to those for thedd&. The two NIT-related fields of
study in the EU data are computing and engineekiogvever, engineering includes all
types of engineering, not just those areas relat@T. Figure 4.7 compares the number
of computing and engineering degrees awarded &\adls of tertiary education for the
EU to those awarded in the United States in CSEérom 1998 through 2002.

Figure 4.7: Comparison of Computing and Engineerinddegrees Awarded in EU and US (1998-2006)
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The number of computing graduates in the EU isdrighan the number of CS graduates
in the United States and has been growing morallsagince 1998. In 1998, the EU
countries graduated about 57,000 computing gradweltde the United States graduated
about 40,000 computer science graduates, or alfopéi@ent fewer graduates. By 2006,
the EU countries awarded 151,000 computing degmwle the United States awarded
67,000, or about 55 percent fewer. The EU awardeceraomputing degrees per capita
(335 per million inhabitants) than the United S$¢af@17 per million inhabitants) in
2006 As would be expected, the number of all EU engingegraduates is much
higher than the number of electrical engineeringdgates in the United States. We
display these data nonetheless to give a sensenthahatter what fraction of EU
engineering graduates are electrical engineerstotak number of EU NIT graduates is

8 3alt et al. (2004)
459 Eurostat, NCES, and CIA World Factbook
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likely higher than the number of NIT graduates e tUnited States. There are no
publicly available projections of EU NIT graduatbat a 2004 EU study identifies
shortages of IT workers in many member stétes.

As for the workforce, the best available countrnyeleeducation data comes from the UK.
The UK experienced a decline in the annual numbeomputer science/IT applicants in
higher education from about 26,000 in 2002 to ald&y000 in 2007, an annual rate of
decline of ten percent, as shown in Figure 4.8eltlie decline in CS majors observed in
the United States, this has raised significant ean the UK.

Figure 4.8: UK Higher Education Applicants for Computer Science AT related Degrees
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Women'’s representation declined among NIT degrgdignts in the UK. The fraction
of female NIT degree applicants in the UK fell frdr@ percent in 2002 to 15 percent in
2007. In 2004, across Western Europe, the fracfomath and CS degrees awarded to
women was higher than the percentage of applicantee UK, at 30 percent. Some
European countries with higher rates of female esgntation among NIT degree
recipients include Portugal (41 percent), Finlaad percent), Greece (40 percent), and
ltaly (43 percent}®*

Although not an EU country, Switzerland provide® arf the most dramatic examples of
the declining interest in NIT worldwid&? Swiss enroliments in NIT degree fields
declined by 60 percent over the past five years.rdgponse, the government of
Switzerland declared 2008 the “year of IT” and wutolgk initiatives to promote IT by
organizing events, conferences, and meetitigs.

“0Boswell et al. (2004), p. 3
1 Klawe et al. (2009)
%2 Tovar-Caro (2009)
%3 Tovar-Caro (2009), p. 46
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4.2.1.3 Comparing Supply and Demand

An important question about the condition of thel N\workforce in Europe is whether
there is, in fact, a shortage of ICT workers. Lawkat present conditions, a few analysts
have questioned whether there is an e-skills ‘Etiat all. Beginning in 2006, Eurostat,
the European statistical agency, has conductechanah survey of e-skills statistics in
households and enterprises, linking data from 1®mal statistical offices. As pointed
out by the German market research firm Empiricai¢tvihas been contracted by the EC
to monitor e-skills statistics for the EU), the moscent Eurostat data show that only 7.2
percent of all firms with 10 or more employees drie®o hire employees with ICT
specialist skills, and that only 3.4 percent offiaths reported any difficulty in hiring ICT
specialists® Furthermore, due to the economic downturn staiting008, hiring for IT
jobs (as for other types of positions) declineccimiéously by early 2009, compared with
activity from a year earlief’

Other data indicate that there is a shortage dteskiT workers in the EU. Even if the
figures cited by Empirica are accurate, the impiais that nearly 50 percent of firms
which are hiring ICT practitioners have difficulfylling those positions. While the
current economic downturn may be limiting the dechtor ICT practitioners in the short
term, the long-term supply and demand conditiong nta be favorable to employers.

In November 2007, the Council of European Profesdiinformatics Societies (CEPIS)
published its own analysis of the ICT practitiotedyor market, titledrhinking Ahead on
E-Skills*®® The report presented five different scenariogtierEuropean economy, based
on varying projections, and derived their implicas for the need for ICT practitioners
in 2010 and 2015. As the following table shows, CEProjected a surplus of ICT
practitioners in 2010 only in the most unfavorastenario (decline), and estimated that
severe shortages would be seen by 2015 in all sosna

Table 4.6 CEPIS Projection Scenarios on ICT Practitioner Supfy and Demand in 2010 and 2015

Renaissance Steady Global Fight Dark Decline
Climb Back DEVA

2010
Demand 250,000 205,000 204,000 178,000 139,000 001,
Supply 180,000 175,000 178,000 178,000 139,000 0002,
Surplus/Shortage -70,000 -30,000 -26,000 0 0 1,000
2015
Demand 243,000 188,500 129,800 150,000 111,000 038,0
Supply 192,000 186,000 131,300 120,000 90,0Q0 80,00
Surplus/Shortage -51,000 -2,500 -1,500 -30,00( am -8,000

CEPIS (2007)

The EC has concluded that there is a growing spertd skilled ICT workers, and that
this will reduce the global competitiveness of tid in the future. This is particularly
true in areas where the development of new ICT neldgies will be critical to

#64 a_Skills Monitor (2009)
%5 Espiner (2009)
¢ CEPIS (2007)
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competitiveness. The EC issued a communication arcM13, 2009 titled “A Strategy
for ICT R&D and Innovation in Europe: Raising thear@e.™® This communication
states that “there is a growing deficit in the Elgoalified skills in ICT R&D,” and

recommends that the EC take action to countersihation.

4.2.1.4 Programs and Initiatives

Citing the projected shortfall in the supply of I@Tactitioners and the potential harm to
EU competitiveness from the situation, the EC@mmunication on E-Skillsroposed a
“long-term e-skills agenda” with five action ardas the EC**®

* Promoting long-term cooperation and monitoring jpesg;
» Developing supporting actions and tools;

* Raising awareness;

 Fostering employability and social inclusion;

* Promoting better and greater use of e-learning.

While the Communication on E-Skilldealt with all forms of e-skills, including user e

skills, many of the action items outlined by the t6Cused on ICT workers. Below are a
few activities already underway. These activities de loosely grouped under the
following categories:

« Organization and coordination;
 Standardization of competences and certifications;

* Awareness and talent development.

4.2.1.4.1 Organization: The E-Skills Industry Leadership Board

In 2006, a task force commissioned by the EC addble private sector IT executives
issued a number of recommendations on how to stifp®wglobal competitiveness of the
EU ICT industry’® In the section on “Skills and Employment,” the sgprecommended

the formation of an “Industry Leadership Group’facilitate EU-wide coordination on e-
skills. In June 2007, the E-Skills Industry LeadgpsBoard (ILB) was founded by a
consortium of professional societies, trade assioas, and IT and networking firms.
The E-Skills ILB works with the Directorate-Genetahterprise & Industry within the

EC which supports ICT and innovation policy. Thesganizations, together with the
European Centre for the Development of Vocationaining (CEDEDOP), undertake
activities such as co-sponsoring a biannual Eumopeskills conference, held most
recently in October 2008, and a series of workshopsvarious topics in e-skills

promotion held in 2007.

57 Commission of the European Communities (2009)
%8 European Commission’s Communication on E-SkilB0@)
49 EU ICT Task Force (2006)
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4.2.1.4.2 Standardization: The E-Competence Framework

The immediate issue in coordinating e-skills polioy Europe is harmonizing the labor
market for ICT workers. To enable a unified envirant for the education, recruitment,
and advancement of ICT talent, the EU desires te tsandards for identifying and
describing the skill levels of ICT occupations. Tiegship effort in this area is the E-
Competence Framework, supported by the EC but mirig national organizations
focused on the standardization of ICT skill degowis:"™

Competence frameworks are used by private firmermaily to standardize job
descriptions and create an explicit career tracklToprofessionals. This concept has
been elevated to the national level by efforts sashSFIA in the UK and ATTIS in
Germany (see the following section for more deataithose initiatives). Over a two-year
period, a set of experts supported in part by theojiean Centre for Standardisation
(CEN) developed a comprehensive framework idemigfyi

* The key competence areas needed to build, manageparate ICT in an
enterprise environment;

» The specific competences that a worker must possesch area;
A rating system to evaluate proficiency in each petance;

» The supporting skills and knowledge within each petence.

The E-Competence Framework (ECF) version 1.0 wasrozpd as a workshop

agreement under the CEN and published in Octob@8.20The expert group responsible
for developing the Framework also produced a usétegthat explains the uses of the
ECF by employers, human resource professionals, [@dctitioners, and other

audiences$’ Some of these uses are listed below.

» Firms can use the ECF to pinpoint the knowledgeskiits needed for each type
of ICT job in their organizations, and better maittiernal talent to each position.

» Firms can use the ECF in standardized job desenigtiwhich aids in recruiting
and highlights the requirements for internal caathd to advance into new
positions.

 Universities and training schools can use the ECdesign curricula for
programs to prepare graduates for specific typd€ dipractitioner occupations.

» Governments can use the ECF to quantify their |&€&ltalent pool and identify
gaps which must be filled through education, immligm, or outsourcing.

The E-Competence Framework is also being linkedh® European Qualifications
Framework, which is used for cross-national takvdluation and recruiting. It is also

470 hitp://www.ecompetences.eu
4’1 Comité Européen de Normalisation (2008a)
472 Comité Européen de Normalisati(2008b)
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being integrated with the Bologna Initiative to manize higher education standards
across EU nations, so that graduates of ICT progiianone country will be prepared for
jobs across the EU. That effort is being coordiddig the European Quality Assurance
Network for Informatics Education (EQUANIE), fourdlen January 2009°?

In a related effort, the E-Skills ILB has formeatBertification Council. This group is
examining all of the professional ICT certificatiprograms used in Europe (such as the
Microsoft Certified Software Engineer program, be tCertified Information Systems
Security Professional rating), and mapping thosgfications to the ECF so that national
and independent certifications can be compared raatthed to a standard set of
competence§?

4.2.1.4.3 E-Skills Week 2010

A second key area of EU-wide activity is raisingaagness about ICT careers among
young people and prospective employees. A flagefiget in this area is the planned E-
Skills Week, sponsored by the EC. E-Skills Weelk b an umbrella label for multiple
events in every EU nation, aimed at showcasingattractiveness and advantages of a
career in IT. E-Skills Week will be launched in Mar2010 with a major event at the
CeBIT trade show in Germany, and will conclude wéhhigh-profile ceremony in
Brussels'”

In addition, the Directorate-General for InformatiGociety & Media sponsors an
independent initiative to encourage women to pucsueers in ICT. The IT Girls website
serves as a clearinghouse for information and maédeon the shortage of women in IT
and possible ways to change the situatibhe DG also organized a conference on the
topic in March 2009, called “Cyberellas are I'T"Part of the conference was devoted to
relaying the successes and lessons learned fro@0& ‘Zhadowing exercise,” where
firms were encouraged to give young women the ahaoacome to the workplace and
follow IT professionals as they went about thebrgo

4.2.1.4.4 Country-Specific Activities

Although the EC is increasingly active in develapipolicy on e-skills throughout
Europe, it is often following the paths already @lakby national governments and
attempting to weave together various regional atiites. Several countries have well-
established efforts in areas similar to the EC.

United Kingdom

A number of initiatives have been undertaken inlteto improve and expand the ICT
workforce.

473 hitp://www.eganie.eu/

474 OSullivan (2008)

“75 Richier (2009)

478 http://ec.europa.eu/information_society/activiiiggrls/index_en.htm

47" http://ec.europa.eu/information_society/activiiiggrls/conference_0309/index_en.htm
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Organization: e-skills UK

E-skills UK is the organization officially licensday the UK national government as the
Sector Skills Council (SSC) for Business & Inforinat Technology!® SSCs are
employer-led consortia that fund research on futsmpply and demand for skilled
workers in various key industries. The SSCs cretatdegies and recommend policies to
ensure the development and availability of skii@ént for employers in those industries.
E-skills UK develops both national and regionabtggies on building and maintaining
the ICT workforce.

Some of the activities funded and organized byiksdKK include:

* Diploma in IT: Launched in September 2008, the Diploma in IT ssaadardized
program of instruction for students 14 to 19, des@jto prepare them for higher
education degree programs in ICT or directly fopeyment in ICT occupations.
Students can choose from a wide range of spectgdigins.

* IT Professional Development Programri@is program is a specialized
curriculum of IT course modules developed coopeeatiby leading companies
and four universities. The program is targetedratgssionals who are already in
IT careers and is designed to give them the foumwlaind tools to understand
rapidly changing technologies that are shapindThadustry.

Standardization: The SFIA Foundation

In July 2003, a new organization was founded bkikssUK along with the British
Computer Society, the Institute of Engineering & chieology, the Institute for
Management Information Systems, and the IT Servidemagement Forurfl? This
effort, called the Skills Framework for the Infortiem Age (SFIA) Foundation, was the
UK’s attempt to create a set of national standédsdescribing IT skills required for
employment in the ICT industry. The SFIA documerdavides employers with a means
to define the roles within its IT organization, eéép detailed career advancement and
professional development plans, and create stazéarcbvaluations of IT personnel.
Version 4 of the SFIA was released in December 200@ SFIA Foundation certifies
training institutes and consultants who are qualifio provide SFIA-based services to
employers.

As an illustration of how the SFIA helps employdise utility company National Grid
began using SFIA in its IT human resources straiag2004. The British Computer
Society conducted a mini-audit of the progress atidwal Grid in 2006. A BCS survey
found that 70 percent of the IT staff felt that pgrefessional development situation in the
firm had improved due to the use of SFIA; 83 petaeported that they felt that their
personal development plans now focused on impodaps in their skills, and 75 percent
were more likely to review their progress with ttreianagers?®

478 hitp://www.e-skills.com
479 http://www.sfia.org.uk/
80 perry (2008)
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Awareness: CC4G and BigAmbition

E-skills UK is involved in a number of initiativemeant to introduce young people,
especially women, to the ICT profession. Two exaspalre:

» Computer Clubs for Girls (CC4G): A network of afsahool clubs sponsored by
e-skills UK targeting girls aged 10 to 14. CC4QGanluces girls to the use of
computers in activities related to their interestgh as music, fashion, celebrity,
and design.

» BigAmbition: A website that provides young studewith compelling content
and information about careers in IT, prospectiv@leyers, and educational
opportunities. The site is a collaboration amorgliand industrial firms,
universities, and e-skills UR:

Germany

Two sets of initiatives focused on the IT workforcave recently been undertaken in
Germany, one focused on the vocational educatistesy, the other on older workers.

Standardization: Advanced IT Training System (AY T

In 2002, as part of a comprehensive revision ofnidgonal vocational education system,
the Fraunhofer Institute for Software and Systemmjiieering developed a new
approach to standardizing job profiles and skifidons in the ICT sector. Rather than
identifying technical skills used on the job, theadnhofer team took a work-process
view of ICT activities in an organization. This ppective integrates social and
behavioral skills, such as management capacityna@dtoring, into the framework for

ICT competences. The resulting system, called thilvaAced IT Training System

(AITTS), combines both formal classroom traininghwinformal, on-the-job training as

the recommended path to support professional deredat for IT personnel.

The AITTS defines the actual role of IT in an orgation and models how information
systems are managed to support the businessnlréitemmends how personnel should
be organized to develop and maintain those syst€hes AITTS identifies four types of
“trainers” as playing a role in professional deywst@nt: coaches, technical experts,
classroom trainers, and superiors. A final verssbrAITTS was approved in October
2002, and is now codified in German workplace ratjoh. AITTS implementation in
private firms is conducted by experts who are fiediby the German Chambers of
Commerce & Industry?

Awareness: Generation 50+ for older workers

The German Industrial Metalworkers Union (IG Méthlas initiated a project to promote
the role of older workers in the IT profession. #dy by the staff of the vocational
training group in IG Metall found that age discnmation is a systemic problem in the
German IT industry. For example, many job annouresgmlist 40 as the maximum age

81 hitp://www.bigambition.co.uk
82 Federal Ministry for Education & Research (2003)
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for candidates, and most corporate budgets funly eatirement packages instead of
retraining older workers. However, their study disond that IT departments are already
aging, with the average IT worker now 40 years aldfirms like Software AG. In
addition, the unemployment rate for IT workers ov@rstands at 50 percéfit.

IG Metall is working with BITKOM and the Fraunhofénstitute on a new model for
age-based learning within the AITTS framework. Tiwsuld include increased use of
mixed-age teams in IT organizations, utilizing olaerkers in roles such as coach or
technical expert. The proposal, which is part ofr@ny’s “Initiative 50 Plus” to
promote the employability of older workers, alsoesisa knowledge management
framework to highlight the importance of older Ifofessionals to organizations.

Ireland

In 1998, when Ireland was evolving into a majorteemf IT employment in Europe, a
group of six IT firms (Corel, CSC, IBM, MicrosofQracle, and Symantec) worked with
the Irish national government to examine how touemshe adequate supply of IT
workers in the local economy. The group decidefbotois on the long-term unemployed,
consisting of residents who lacked the educatiah rasources to qualify for traditional
careers. The consortium created the Fastrack torlFIT, Initiative?** Due to its focus
on people who were viewed as “unemployable,” th& Hiitiative has created an
integrated set of programs for its recruits thdk wi

* Create a new type of IT curriculum which combinagtdl literacy with IT skills;

» Develop a standardized means of defining, evalgaéind certifying skill levels
in IT occupations;

* Provide easy access to instruction for people iwitited resources;

» Integrate training providers with placement agemeied employers to ensure that
graduates meet industry needs.

The FIT Initiative now sponsors a number of prgedtor example, the MigrantiICT
project focuses on newly immigrated entrants irte trish workforce and develops
specialized courses for that population. The e®nitproject, being conducted with
partners in Italy, seeks to develop new ways t@erage schoolteachers to integrate ICT
topics into their everyday instruction.

Netherlands

In 2004, employers in the Netherlands IT indusegognized the need for a broader set
of curricula at the university level to train statkeas ICT practitioners. Working with the
University of the Applied Sciences of the Nethedsna number of firms funded the
development of the “Bachelor of ICT” degree progsafiBO-I). These programs cover
topics such as Business Information Technology, MAhagement and Security, Game

83 Ewald and Hageni (2007)
484 http://www.fit.ie/homepage.asp
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Design and Technology, and similar themes. The dation of the HBO-I effort is a
“competence cube,” which standardizes the desoriptf IT-based processes and
functions in an organization. The HBO-I cube mdpes c¢urriculum to the skills required
to support the IT operations of an enterpfise.

Currently, the main HBO-I effort creates a bridgawieen the universities and industry,
and coordinates an event where employers can méetgvaduates of the Bachelor of

ICT programs. In addition, HBO-I is funding varioeBorts to improve the image of the

ICT profession in the Netherlands, with a specificus on recruiting women into the

field. HBO-1 members have also formed working geup address other issues in IT
workforce development, such as the teaching obpics in secondary schools and using
the HBO-I model to enable retraining of workershanon-IT degrees.

Overall, the EU faces a situation comparable toiththe United States regarding its NIT
workforce: while the size of the workforce appetirde growing, there is a pervasive
and significant fear that the supply of NIT workessll not meet future demand.
Networking and information technologies continuegrow even more critical to the
performance of most firms. In addition, the abilifyEU firms and economies to compete
globally will depend on the region’s ability to $aim a significant level of innovation in
the NIT sector. Thus, the EC recognizes the needdintain an adequate supply of new
NIT talent and to enhance the efficiency of thesinal market for NIT labor to ensure
that the existing workforce is utilized fully.

The EC has not implemented any particularly inneeagpproaches to NIT workforce
development. Its role is to coordinate nationaivétas across the EU, and to disseminate
information and best practices among the membeomat Some of the individual
national efforts may serve as useful examples ®mptbgrams:

* E-skills curriculum development. In the United $&tNIT workforce training is
guided largely by vendor-specific certificationsillSthere may be some merit in
encouraging the development of vendor-neutral stathzied curricula for NIT
workers, much like the Diploma in IT developed bgklls UK and the HBO-I
“Bachelor of ICT” in the Netherlands. Encouragirail@boration between
universities, IT user firms, and IT vendors mayphel ensure greater consistency
in how students are prepared for entry into the Wérkforce.

» Appealing to non-traditional recruits. Just as waraad minorities are
underrepresented in the NIT workforce, there anerotinderrepresented
populations that could also provide potential la@dre FIT program in Ireland
shows how the chronically underemployed can befrefih special programs in
IT training. In addition, the Generation 50+ conc@pGermany addresses the
important issue of age discrimination in IT hiripgactices. The aging of the NIT
workforce is also an issue in the United Statgse@slly in the federal
government.

485 hittp://www. hbo-i.nl
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4.2.2 India

Although the IT industry began in India around 191#4did not witness significant
growth until the beginning of the 199888At that time, Indian software firms were able
to take advantage of a unique set of opportunitiéastern companies had to cut costs,
but building and maintaining computer systems neglia large pool of skilled technical
workers. Indian firms were able to meet that demaitd a supply of English-speaking
engineers who earned a fraction of Western saldfi@st fiber-optic links also made the
exchange of information easier. The Indian IT worké has been growing rapidly over
the last decade and further growth is predictedialmas also undertaken a number of
initiatives to sustain this growth.

4.2.2.1 NIT Workforce Trends

The Indian IT industry has been growing at a rdtalmut 30 percent per year since
2003 This estimate includes both IT and IT-enabledefofteferred to as business
process outsourcing [BPO]) industries. Estimatesttie size of India’s NIT workforce
also tend to include both IT and IT-enabled work&igure 4.9 shows the size of the IT
software and services workforce and the size oflThenabled software and services
(ITES-BPO) workforce in India from 2000 through 300

Figure 4.9: Size of the NIT Workforce in India (20@-2005)

800 -

O IT Software and Senices

700 1 m [TES-BPO

600 -
500 -
400

300 -

Employees (in thousands)

200 -

100 -

0 E
2000 2001 2002 2003 2004 2005

Source: ACM (2006)

The Indian NIT workforce has grown rapidly over fhesst decade, growing at an average
rate of about 20 percent per year from 2000 to 200%ch of this growth is in IT export
services. The IT industry group NASSCOM projectss thector to grow from about
210,000 workers in 2003 to about 970,000 worker2®32:%® A recent article claimed
that the Indian IT and ITES workforce surpassed mmillion workers in 2008% This is

“86 Bajpai and Shastri (1998)

87 NASSCOM and McKinsey (2005)

88 Government of India Ministry of Communications dntbrmation Technology (2003)
89 Kumar (2008)
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almost double the size of these sectors combine@0®5. Of these two million,

NASSCOM estimates that about 1.2 million are IT kerss. NASSCOM estimates that
about 25 percent of IT workers are female, amormgHighest in any industry in the
Indian economy. However, comparing these data éoavailable degree statistics, it
appears that the majority of these women are inlfieS workforce and not in the
category 1 NIT workforce as we define it in thipoe.

A 2003 report commissioned for the Indian governimgmjected that much of the

increase in the NIT workforce would occur primatddgcause of outsourced IT support,
as shown in Figure 4.10. This figure includes ddlf¥ workers serving export markets.

However, this is the majority of Indian NIT workers

Figure 4.10: Projections of IT Export Services Worlforce in India
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India has seen significant growth in both domeRtidirms, such as Infosys and Wipro,
and multinational corporations with offices located India. Figure 4.11 shows the
growth in the number of employees in the top foudian IT companies from 2001
through 2005.

-156-



Figure 4.11: Employment Growth in Major Indian IT F irms
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Almost every large multinational IT company hasresence in India. Table 4.7 lists the
major multinational IT firms with significant opdrans in India.

Table 4.7: Major Multinational IT Firms in India

Company Nationality Employment in India  Global Employment = % in India
Oracle us 6,900 41,658 16.6
Microsoft us 1,250 57,000 2.2
SAP Germany 2,000 38,802 5.2
IBM us 23,000 369,277 6.2

HP us 15,000 150,000 10
Veritas us 900 17,250 5.2
Adobe us 500 3,142 15.9
EDS us 2,400 117,000 2.1
Cap Gemini France 2,000 59,324 3.4
Siemens Bus. Sys| Germany 4,000 36,000 11.1
Atos-Origin France 750 46,583 1.5
Tietoenator Finland 120 14,000 0.9

Source: ACM (2006)

It is clear that India’s IT workforce is growingpidly. However, there is a concern that
the supply of qualified students will be unablekeep up with demand and that growth
may slow by 2010% Additionally, NASSCOM predicts that the recent lgdb economic

downturn will reduce annual growth in the indudigm 30 percent per year to about 20
percent per year. Experts predict that future gnowitl be fueled by the rapid expansion
of the Indian domestic IT market rather than camgoh rapid growth in export services.
There are no data available on the demand for Ifkeve in India with Indian citizenship.

Foreign workers are an important component of thie Wbrkforce in India. While India
used to be concerned with outflows of IT talent tuéigh-skilled migration, the loss of

490 Blinder (2007), p. 8
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IT workers, a “brain drain,” is no longer a conceRrior to the 1990s, a brain drain
occurred because of growing demand abroad ankafaxpportunities for IT workers in
India** As shown above, there is now a significant presesfcboth multinational and
homegrown IT firms in India. This has not only leul increased retention of recent
graduates but also to the return of expatriate éfkers creating a “reverse brain drain.”
It was estimated in 2006 that 30,000-40,000 expiatriT workers had returned to
Bangalore over the previous decdldt was also estimated that between five and twelve
percent of IT job applicants for positions in Indvere non-resident Indians who wished
to return. Lowell noted that this fraction is exfeetto grow. India appears to welcome
the experience and knowledge that its expatriatieg bbut there do not appear to be any
significant measures taken to attract th&hiThe opportunities available within the
rapidly growing IT industry in India appear to beegh of an incentive.

4.2.2.2 Supply of NIT Graduates

There are very little data publicly available o tupply of NIT graduates in India. A
2005 study by Gereffi and Wadhwa attempted to eg@nthe relative number of
bachelor’s-level NIT graduates produced in Indid &hina each year and to compare it
to the number in the United Stat&Gereffi and Wadhwa collected information from
NCES, the Chinese Ministry of Education, and NASSCOhey attempted to estimate
the number of four-year bachelor’s recipients iche@ountry as officially reported
numbers are often inflated to include three-yearekes. They attempted to break out CS,
EE, and IT degrees from all engineering degreesveut only able to do so for India and
the United States. They found that, in 2004, Inpf@duced about 95,000 bachelor’s-level
NIT graduates compared to 85,000 produced in thteistates. Based on this data, the
US produced more NIT bachelor's degrees per cgpit@ per million inhabitants) than
India (81 per million inhabitants) in 200%.In addition, there is a significant concern
about the skill level of Indian NIT graduates, agny must be retrained in full-time four-
month courses by the firms that hire them.

Lack of qualified NIT faculty is considered to benaajor problem in India. Most
qualified IT workers are drawn into industry. Tligates many vacancies and leads to
many underqualified IT faculty teaching the nextgetion of IT workers. This was also
a problem in the United States during the IT boord B commonly referred to as the
“seed-corn” problem.

Women'’s representation in technical fields is lavt rowing in India. The percentage of
female engineers graduating from ITT Bombay grewnfitwo percent in 1972 to eight
percent in 2005. In Asia (including the Middle Bastomen earned 43 percent of first
university degrees in math and CS in 2¢04.

91 owell (2008)

492 owell (2008)

93 owell (2008)

9 Gereffi and Wadhwa (2005)

9 Gereffi and Wadhwa (2005) and CIA World Factbook
19 Klawe et al. (2009)
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4.2.2.3 Programs and Initiatives

The Indian government has been making a conceffed starting in the mid-1980s to
develop the NIT industry. However, as is emblematitndia’s economic success, most
of the initiatives regarding workforce developmérave been undertaken by private
enterprises. Multinational corporations and locaimpanies have undertaken many
initiatives to ensure the continuing development tbé NIT workforce. Through
partnerships with Indian and foreign universitigegey have brought interns and
expatriates to work in Bangalore or Hyderabad. Aen¢ example of this trend is a
program that helps American students participata iwo-month internship at a variety
of different IT companies such as Infosys and SatyaThey have also set up online
education opportunities for employees interestel@anning a new technology, and offer
a growing number of classes aimed at providinghmajbb skills to entry-level engineers.
Many complain that there is underinvestment in tlyjge of training by firms in the
United States.

The Indian IT industry and its workforce face mabgrriers to continued growth
including lack of infrastructure, a talent shortaged rising salaries. In response to these
concerns, the government (at both of the federdlthe state levels) feels the need to act
quickly to ensure the sustainability of the indysand with it, India’s economic success.
Deficiencies in the higher educational system drencsingled out as the critical issues
facing the IT workforce in India. In the 2005 suyydNASSCOM identified a list of
crucial considerations focused on education thatinkian government needs to address
to maintain the strength of its IT workforce. Theseluded allowing the setting-up of
Focused-Education-Zones that are exempt from dsnto key operating parameters
(e.q., fees, admissions, etc.) for colleges andremsities, and deregulating higher
education through a phased decentralization overnxt five to seven years, and
moving to a demand-based funding system for cadlegel universities.

Other studies have also focused on the importahcef@arming the education system in

India. A World Bank study commissioned in 2001 Higfted the shortcomings in the

Indian system, blaming the rigidity of its curriauh and evaluation methods for India’s
impending talent shortage. Further, the study nthatithe current system lacks specific
policy guidelines and goals to help it fit the regments for the NIT industry. The study
claimed that the system lacks continuous monitgringich would help ensure that

students going through a rigorous curriculum aret@ck to meet the demands of
industry. Other problems identified include thekla€ adequate infrastructure, which is a
commonly cited problem facing all industries inibnd

A prominent report focusing on the life cycle oetNIT worker was co-authored by
NASSCOM and the American accounting firm KPMG in020 This report suggested
that the whole system needed to be examined diytidéhe report recommended that the
cycle be continuous: attracting, educating, cdarigy deploying, and then ultimately re-
training workers to remain familiar with new techwgies. The report also stated that
graduates of the Indian system often have a stitoegyetical or conceptual background,

497 Prayag (2005)
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but lack communication skills and the capacity ® dreative. The report proposed
integrating specific modules starting at the priynar secondary school level. These
modules would encourage computer literacy so tiuaesits could familiarize themselves
with the workings of a computer at a young ageaAdter age, students could be offered
classes in customer service that would include ezt and time-management skills.

The report also recommended certification througtommon exam that test skills in

computer proficiency, analytical abilities, anddaage. The results of this exam could
then be used to place candidates across sectors.

India has undertaken a number of efforts focusedunderrepresented groups. The
majority of these efforts have been targeted at @omnd the rural Indian population.
Facing a shortage of workers from traditional insitbns, Indian corporations have been
trying to attract workers that heretofore had beégmored. Gender and caste play
important roles in everyday life in India; conseqiy women and scheduled

(oppressed) castes have not benefited significdrdin the country’s economic growth.

Corporations are now learning to recognize the ngpnae of maximizing the workforce

by employing women. Therefore, they are offeringnthhigh salaries and flexible hours,
and are providing support for young mothers by pgya family member to move in or

by subsidizing the cost of daycare. Some of thewe heven begun offering existing

employees an additional 25 percent on their refé@waus if they refer a woman for an
open position with the firrff?

Rural India has not benefited significantly frone ttountry’s IT-driven economic growth.
However, both industry and government in India amdertaking efforts to improve the
availability and quality of workers from these aze@ompanies are reaching out to rural
India by setting up training centers in less depetbregions in order to recruit potential
engineers. The government has invested in infretstret projects aimed to increase
connectivity to rural areas: asphalt roads, sfighdgd, power generators, and Internet
connections. Many states have started focusing romqting e-literacy by installing
computer systems in village schools to help stugleiamiliarize themselves with
computers® The government also recently passed laws resesgats for members of
historically oppressed castes, called the “scheldoéstes.” These quotas are as high as
15 percent in institutions of higher learning, armdpower a population that previously
had very little support.

Overall, there are a significant number of issaesnig the NIT workforce in India. While
its size and rapid growth makes India a significeunrent and future competitor to the
United States, there are many issues that need tedolved if it is to continue to grow.
These issues include matching educational skilisiadustry needs, providing adequate
infrastructure, and empowering segments of the jadipn that have thus far been
ignored. However, both government and industryusr@ertaking a number of efforts to
address these issues. From reforming higher eductttiproviding flexible schedules for
underrepresented groups, India is working to addties major concerns facing its NIT
workforce.

98 Economic Times (2008)
499 Dossani et al. (2005)

-160-



4.2.3 China

There is very little publicly available informati@bout the NIT workforce in China. The
majority of the information available comes frol2@07 World Bank report by Christine
Zhen-Wei Qiang titledChina’s Information Revolution: Managing the Econorand
Social TransformationThis reporshows that the software market in China grew rgpidl
between 1999 and 200%.The report also shows that the share of total epmpént in
the services sector in China grew from 10 percerit978 to more than 20 percent in
2003. However, there are few other publicly avaddaindicators that can help depict
trends in the NIT workforce in China. Of all theucdries studied in this report, there
China has the least information available about NI workforce. The available
information is summarized in the following sections

4.2.3.1 NIT Workforce Trends

There are few available estimates of the currerfuture size of the NIT workforce in
China. A recent World Bank report noted: “Due tdfedient concepts, sources, and
definitions, statistics about the number of ICT kevs in China conflict, making it
difficult to analyze trends and forecasts in thekatfor ICT employment>* This report
estimated that there were about four million woskemployed in China’s information
industry in 2003. This was 11 percent higher tm@002. Of these workers, 3.5 million
were in the manufacturing industry and 0.6 millieere in the software industf?.A
recent report from the NRC estimated that Chinaleyep about 750,000 workers in the
export software services industry in 2005The NIT workforce in China is likely larger
than the export software service industry (one iom)l but less than the number
employed in the information industry (four millionHowever, this includes both
category 1 and category 2 NIT workers. A lack abdaombined with varying definitions
makes estimating trends in China’s NIT workforcHiclilt. Nonetheless, it is clear that
the NIT workforce in China is large and growingicp. There are no estimates of the
NIT workforce available by citizenship requiremantChina.

While there are no data available on the numbéoreign NIT workers in China, foreign
workers play a significant role in the Chinese worke overall. Similar to India, China
used to be concerned about a “brain dréthHowever, these concerns have lessened
recently due to China’s rapid economic growth dreldpportunities that this has created
for workers in China. In 2004;hina Daily reported that the number of foreign workers
in Shanghai was expected to grow at an annualbfa2® percent for the following three
years. It is unclear how many of these workers wWelf€ or high-skilled workers,
although the majority of these workers were frompaim the United States, Singapore,
Malaysia, and Germar¥f. While there are little data available on the numiifeforeign

NIT workers in China, the Chinese government hanlieying to attract foreign workers

% Biang (2007)
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by improving living conditions and protecting idagtual property right®° In 2004,
Huilin stated that the city of Shanghai was “loakifor foreign skilled professionals,
especially in the services sectéft.”

4.2.3.2 Supply of Engineering Graduates

There are no data available directly estimatingritbember of NIT graduates in China.
However, Gereffi and Wadhwa were able to estimatestpply of engineering graduates
in China®® They found that China produced about 352,000 Backdevel engineers in
2004, which in per capita terms equates to 271neegs per million inhabitants. They
generated similar estimates for the United Statesliadia for comparison and found that
the United States graduated 289 engineers peromiihhabitants and India graduated
103 per million inhabitants. The results for themner of engineering graduates from all
three countries on an aggregate and per capita aoalshown in Figure 4.12.

Figure 4.12: Engineering Degrees in China, India,r&d the United States (2004)
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China generated almost three times as many bathideel engineering graduates as the
United States and India. However, it is unclear hoany of these were in NIT fields.
Additionally, although China produced slightly fewengineering graduates on a per
capita basis than the United States, anecdotaleeeed suggests that the number is
growing rapidly.

4.2.3.3 Programs and Initiatives

In 2004, the International Statistical Informati@enter and the National Bureau of
Statistics of China measured ICT development inn€hising a number of indicators.
One of the conclusions of this study was that Clghauld aim to boost its national
economy through ICT developmefi?.The focus of efforts on ICT under the 11th Five-
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Year Plan has moved from enabling and promoting kTstrengthening industry
integration and indigenous innovations. In respdndéese high-level policy statements,
the government has produced ICT policies and thvga that target students, teachers,
government workers, industries, and those livindath rural and urban communities.
The focus on rural workers is similar to that seeimndia.

Like in India, one of the major foci of ICT initiaes in China is education. To help
integrate ICT in schools, the Chinese governmentldped the China Education and
Research Network (CERNET), the country’s backbariestructure for education. It is
an online education and scientific research netywcdiming to be among the top three
academic networks in the world and enabling 70 gdrof Chinese universities to
provide distance learning. CERNET reaches more 20ércities, including 36 provincial
capitals. About 1,300 organizations, 800 univegsitiand 15 million users access the
Internet through CERNET?

In order to train students in ICT skills, Chinaagnized that teachers also required ICT
literacy. In 2000, the Teacher Education Departmanthe Ministry of Education
published a “Training Guidance for Teacher Trainaigput Information School,” which
requested that all teachers in primary and secgrgtdrools learn how to use information
technology by engaging in professional developnaetivities. China also aimed to have
over 10 million schoolteachers and several hunditemlisand headmasters trained
through continuing education by 200/3.

In order to encourage industry involvement in edingastudents in ICT, the Ministry of
Education organized events such as the ICT Educafplications Exhibition in Beijing.
Over 40 universities and ICT companies took patheevent. This not only provided an
opportunity for the Ministry of Education to asséiss latest ICT progress, but it was an
opportunity for participants to network, reviewdaexchange ideas?

The government has also aimed to increase humatalcaplCT by providing incentives
for foreign firms to locate in China. The governrmases tax rebates and other financial
incentives to lure foreign companies to China. Thliews Chinese ICT laborers to
acquire ICT knowledge, especially tacit knowledigat tcannot be captured in textbooks.
The government is also encouraging domestic fimnistest overseas to acquire human
capital. This “go-out” strategy can be seen in @hnlCL television business merger
with France-based Thomson in 2004 and Lenovo’s isitiun of IBM’s China PC
business in 2005

Like in India, initiatives targeted at underreprasel groups in China often target the
rural population. The Chinese government has acledyed that there is a “digital
divide” in the country. In order to support basf€Tl skills, utilization of ICT, and

overcoming this digital divide, China is looking baild a strong ICT infrastructure in
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rural communities. For example, the Chinese govenmtraimed to provide 6000 distance
education centers in Western China by 2003 andjugped0 percent of elementary and
secondary schools with Internet access. These cho® expected to offer at least one
ICT course for all students by 2018.0Overall, the Chinese government has undertaken
efforts to reform ICT in education in three arepsomoting the use of educational
technology in schools with multi-media computer higmlogies, promoting the
popularization and application of networks, and aleping modern distance
educatiorn™

Industry ICT initiatives in China have been mosilyded by foreign companies and
have specifically targeted the rural populationr Egample, Coca-Cola created an e-
learning for life initiative in 2001. Its goal was help bring digital resources and e-
learning opportunities to teachers, less advantggadg people, and rural communities.
The project also involved providing ICT skills tneag for schoolteachers who use the
centers and software to teach subjects such as @hathese, English, and history. It is
claimed that since 2001, 20 Coca-Cola e-learnimgets have been established in rural
areas of the country, and over 10,000 Chinese stadend their communities have
benefited from the project® In addition, Microsoft donated $46,000 to the BebjHope
Cyberschools to create five computer labs (Cyb@wish in rural China that will teach
computer skills to disadvantaged youth. Each lab lveive 15 computers, network and
audio-visual equipment, computer-assisted educdti@oftware, and access to the
Internet, thereby allowing access to the higheatityteachers and curricula in China.

Overall, China faces many of the same issues da Bxtept with a less developed IT
industry and fewer highly educated English-speakingkers who can participate in the

global economy. Sustaining growth in China’s IT ustty requires educational reforms
and attracting individuals, such as rural workevkp typically have not participated in

the NIT workforce. Initiatives have been undertakenaddress these issues by both
government and industry. However, compared to otleentries we studied, there is a
lack of publicly available information that des@ghthe key issues and the initiatives
being undertaken in China.

4.2.4 Singapore

The NIT industry in Singapore is growing rapidlyc@rding to the Singapore Ministry
of Trade and Industry (MTI), the information andnmaunications sector in Singapore
grew at an annual rate of 7.2 percent in 2008,ram 6.5 percent in 200°7. However,
MTI expects growth to slow in 2009 due to the glod@onomic downturn. Nonetheless,
the high growth in the NIT industry has led to siigant growth in the NIT workforce in
Singapore. Singapore publishes some of the bedalblMaNIT workforce data of any of
the countries we studied. This section summarikeset data and discusses the efforts
undertaken by Singapore to further develop its WbFkforce.

1 Qiang (2007)

15 UNESCO (2008)

1 UNESCO (2006)

*17 http://app.mti.gov.sg
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4.2.4.1 NIT Workforce Trends

Singapore publishes high quality NIT workforce imf@mtion through its Infocomm
Development Authority (IDA). The IDA has conductad “Annual Survey on Infocomm
Manpower” for many years. The most recent surveX olace in 2008, with its results
published in 2009. This survey defines Infocomm pmaver as “a person engaged
primarily in Infocomm related work either in an @r telecommunication equipment
and/or services provider, or user organizatidhFigure 4.13 shows the IDA’s estimates
for the size of the Infocomm workforce for 2004aigh 2008.

Figure 4.13: Size of the Infocomm Workforce in Singpore
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The Infocomm workforce in Singapore has grown sigantly between 2004 and 2008,
growing at three percent in 2004 and 2005, eigihtgre in 2006 and 2007, and seven
percent in 2008. The Infocomm workforce includedwb139,000 workers in 2008.
About 59 percent of these workers had a bacheltegree. Adjusting the size of the
workforce to fit the definition of the category 1lITNworkforce used in this report
decreases the size of the category 1 NIT workftwcabout 82,000 workers in 2008. In
2008, about 57 percent of Infocomm workers in Smaga worked in Infocomm
organizations. Within these organizations, 33 paraeerked in IT services, 21 percent in
software, and 27 percent in hardware. About 30gerof the Infocomm workforce was
female, a figure that has remained relatively stabler time. The IDA expects growth in
the Infocomm workforce to slow to 4.3 percent in020due to the global economic
downturn and to rebound to 6.7 percent in 201The IDA does not estimate the number
of Infocomm workers who are citizens of Singapore.

In 2008, foreign workers comprised a significantrtiom (17 percent) of the NIT
workforce in Singapor&’ The government of Singapore has an open policyhigin-
skilled foreign workers that allows any high-skillevorker to immigrate if offered a

18 |DA (2009), p. 4
19 DA (2009)
%20 |DA (2009), p. 8
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job.>?* Even during the recent economic downturn, Singagontinues to seek IT experts
from abroad? Initiatives to attract highly skilled workers tin§apore include making it
easier for workers to obtain permanent residencgyi@ing grants to companies to
reduce the cost of employing foreign workers, arghiing urban development strategies
aimed at branding Singapore as a “Renaissance” €itylany of these initiatives are
contentious as some feel that Singapore dependmtmt on foreign talent. However,
others argue that demographic trends require Sorgap recruit additional foreign talent
over the next decadé&.

4.2.4.2 Supply of NIT Graduates

The only available information on the supply of NWbrkers in Singapore relates to the
supply of new graduates from institutions of higleelucation and the recruitment of
foreign workers. There is no breakout of NIT degree the data provided by the
Ministry of Education. NIT degrees are included two categories: information

technology and engineering sciences. Engineeringnses includes all types of
engineers, not just electrical engineers. Therefgeecannot directly estimate the number
of NIT graduates in each year. Figure 4.14 shows nbomber of graduates from
universities in Singapore in 2007 by degree field.

Figure 4.14: Graduates of Singapore Universities bifield (2007)

4366

1607

1384

1000 - 834

Source: Singapore Ministry of Education (2008a)

%21 Expert interview

522 http://www.australian-immigration-lawyer.com/vissithg-in-australia/wanted-ict-skills/
*2Yeoh (2007)

24 Yeoh (2007)
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There were 573 information technology graduates 4r866 engineering sciences
graduates in 2007. Given these data, the numbliTofyraduates in Singapore is likely
in the thousands, much lower than in the UnitedeStaAccording to interviewees, a
large portion of the IT workforce in Singapore canfeom non-CS/EE degree programs
but most IT workers have some experience with gdoprinciples of these disciplines.
There is no published evidence of this trend, hawelt is also worth noting that, in

2007-2008, Singapore ranked first internationatlybioth the quality of its math and

science education and the quality of its educatisystem as a whoRé

The fraction of women graduating with degrees i Misciplines in Singapore is the
lowest among all disciplines. In 2007, 36 percdnhformation technology degrees and
29 percent of engineering sciences degrees wenalad/éo women. This compares to an
average of about 50 percent across all fields @&descent in the natural, physical, and
mathematical sciences.

4.2.4.3 Programs and Initiatives

Most NIT-related programs and initiatives undertake Singapore focus on education.
The Singapore Ministry of Education (MoE) has proetlitwo blueprints outlining their
plans to reform ICT education in schools. The RGE Masterplan (MP1), lasted from
1997-2002, and laid the foundation for integrati@y into education. It focused on
setting up the essential infrastructure for schaold the basic training of teachers on the
integration of ICT into the curriculum. The goal svéo harness ICT for instructional
purposes and to provide directions to schoolsritegrating up-to-date technologies into
the educational procesé® By the end of MP1, Singapore succeeded in laying a
foundation that enabled all the schools to integi&IT into the curriculum. All schools
were provided with the necessary physical and i@fastructure for ICT-based teaching
and learning. Singapore teachers acquired basipetmmcies in integrating ICT into the
curriculum. More importantly, teachers accepted 1683 a pedagogical tool in the
classroom, and there were models of excellendecimse of ICT in some schodfS.

The Second ICT Masterplan (MP2), from 2002-2008lt o the achievements of MP1.
It focused on bringing about more effective usd@f to engage students in learning.
MP2 aimed for schools to assume greater ownerstdpaacountability with respect to
technology implementation. Therefore, MP2 adoptedystemic approach in which
curricula, assessment, instruction, professiona¢ld@ment, and the culture of the school
were addressetf® The plan focused on the interactions among theseponents and
how technology can be leveraged to enhance learfihng MoE worked with school
leaders to provide the necessary conditions faseteom teachers to innovate in using
ICT in the curriculunt® The MoE also created a sustainable mechanismrantefvork
for the sharing of innovative pedagogical practiceslels and teacher-created digital
educational resources among schools and teachers.

% putta and Mia (2008)

% Singapore Ministry of Education (2008b)
27 Singapore Ministry of Education (2008b)
28 Singapore Ministry of Education (2006)
2 Singapore Ministry of Education (2008b)
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While the MP1 and MP2 were being executed, Singapanounced its 10-year master
plan called Intelligent Nation 2015 (iN2015) to &dfize the potential of infocomm” to
benefit the people of Singapoféled by the IDA of Singapore, iN2015 is a multi-
agency effort that is the result of private, publad people sector cooperatiShThe
goals of this plan are to accomplish the following2015:

+ to be number one in the world in harnessing infacotm add value to the
economy and society;

« to realize a two-fold increase in the value-adthefinfocomm industry;
« to realize a three-fold increase in infocomm expevenue;

« to create 80,000 additional jobs;

to achieve 90 percent home broadband usage;

« to achieve 100 percent computer ownership in homitbsschool-going children.

Given the workforce data shown earlier, Singapgueears on track to meet its goal of
creating 80,000 infocomm jobs by 2015.

The Singaporean government also provides trainingentives, such as Critical
Infocomm Technology Resource Program (CITREP) anbat&jic Manpower

Conversion Program (SMCP). These training prograffes up to 70 percent rebates to
corporations on training costs. CITREP aims to mevinfocomm professionals in
Singapore with specialized skills needed to ineret®ir organization’s competitive
advantage and to enhance their employability. TMECB incentive scheme aims to
convert non-infocomm professionals and re-skillnthas infocomm professionals. The
availability of these rebates has created an infdfixcommercial IT training centers
throughout the countryf?

Many infocomm initiatives in Singapore are colladtoyns between government and
industry. The National Infocomm Scholarships (Np&)vides support for highly talented
individuals to pursue infocomm careers. These S¢hbips are offered through a
collaborative effort of the Singapore IDA and vaso public and private sector
organizations>3The NIS presents scholars with the opportunitgam valuable work
experience, industry-relevant mentorship, and eympént at any of the 27 supporting
organizations. These leading multinational corporst, local companies, and
government agencies provide students with earlystrgt exposure.

The MoE and higher educational institutions in @imgre have also collaborated with
industry to test and build new infocomm technolsgia the classroom. One such
collaborative effort, the Industry Collaboration Bature Schools Singapore, selects four

>3 hitp://www.ida.gov.sg/About%20us/20070903145526¢asp

%31 Singapore Infocomm Development Authority

32 oh (2003), p. 34

®33 Infocomm Talent Portahttp:/talent.singaporeinfocomm.sg/infocommschdiars.aspx#0
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consortia to design and deploy next generationcorfam-enabled solutions for five
FutureSchools, which without “having to visit thengapore Zoo, Science students can,
for example, immerse themselves in a 4-Dimensi¢fB) environment and observe a

lion’s behavior, record it and share the informatidith fellow students>2*

Another example of an innovative program in Singapavolves the use of Tablet PCs
(TPC) at Crescent Girls School to create a schadéwireless network® This allowed
for a self-paced and personalized learning as agefbr collaboration. For this initiative,
innovative applications were co-developed by Hénrisab and used in subjects such as
Mathematics and Geography. Such applications iecdudFun with Construction,”
“Mindbook,” and “Virtual Classroom” which enableédachers and students to participate
in tests and quizzes anywhere within the schoolfrom home. Teachers are co-
developing new applications for the sciences, laggs, and digital games. In addition,
CrezSphere was introduced to the Crescent Girlo@adh 2005 as a virtual learning
platform that runs on Microsoft Learning GatewayithWthis virtual learning platform,
all staff and students can access the latest nbawst &chool, friends, and coursework.
CrezSphere includes discussion forums for eactestjlgs well as practice papers, online
lessons, and advice and learning resources, thén@lding a virtual community within
the schooP>®

Most of the NIT workforce initiatives being undédgm in Singapore focus on integrating
IT into education. These range from collaboratiVferes to design and build learning
technologies to providing training to teachers loa tise of IT. Some programs focused
on closer academic-industry cooperation stand suéxamples for the United States,
such as the National Infocomm Scholarships. Whidzéd is no literature evaluating these
programs, the continued rapid growth of the infooomworkforce in Singapore shows
that these efforts were likely not wasted.

4.2.5 Taiwan

Taiwan is one of the global leaders in ICT hardwaenufacturing. In 2008, Taiwan had
the world’s largest market share in the productminnetbook PCs (99 percent),
motherboards (93 percent), notebook PCs (93 pgr@erd cable modems (90 percent).
Between 2005 and 2007, the output of the ICT inguist Taiwan grew at an average
annual rate of 14 percetit.To sustain industry growth, the ICT workforce iaiWwan has
been growing rapidly and there have been a numbait@tives undertaken to ensure
that this growth continues. These are discusséukifollowing sections.

4.2.5.1 NIT Workforce Trends

There is little publicly available data on the sael composition of the ICT workforce in
Taiwan. The Taiwan Institute of Economic ReseaildER) estimates that the ICT sector
employed about 715,000 workers in 2008, or aboutp&Bent of the workforce.

>34 |DA (2008)

>35|DA (2007)

3% DA (2007)

%37 |nstitute for Information Industry (2008)

38 Taiwan Department of Investment Services (2007)

-169-



Employment in the ICT sector grew at about fivecpat in 2008* The category 1 NIT
workforce is likely smaller than the 715,000 estieaaby TIER since that includes some
non-ICT jobs in ICT firms. However, because much Taiwan’'s ICT industry is
comprised of original equipment manufacturer (OHivihs with few marketing or other
non-technical roles, a significant portion of tldg in the ICT sector are likely in ICT
occupations. TIER estimates that, in 2008, there avdemand in Taiwan for 40,000 new
ICT workers, of which 15,000 were in fields of infieation services and digital content.
TIER estimates that this demand will shrink to 8@,0n 2009, as there is a decreasing
demand for hardware engineers and only a slightease in demand for workers in
information services and digital content. Tristan,lan economist at TIER, commented,
“for the last five years, the ICT sector has bdentbp industry in terms of R&D and job
creation ... If you don’t count the service sectoisistill the fastest-growing sector in
Taiwan.®® While there is no exact estimate of the size ef Taiwanese NIT workforce
consistent with the category 1 definition used his treport, we can say with some
certainty that it is in the hundreds of thousanadd #hat it is growing relatively rapidly.
There is no available breakdown of the Taiwanedewirkforce by sector or citizenship.

While there are little data available on the numbieforeign NIT workers in Taiwan,
foreign workers play a significant role in the caléfTaiwanese workforce. Like other
countries with developing economies, Taiwan expere a brain drain in the 1970s and
1980s that began to reverse in the 1990Bhe reverse is often attributed to decades of
investment in education and infrastructure in Taiwahe most striking example is the
Hinschu Science-based Industrial Park, an attemptdate a center of investment and
technology like Silicon Valley. This attracted faye workers including both expatriates
and those born abroad. These efforts were veryesstud, with the park employing
102,000 people in 200%: Officially, Taiwan has relatively strict requiremts for
foreign workers, including being a university gratkiwith at least two years of work
experience. These rules are often relaxed in oticuzawhere there are shortag8s.
More recently, efforts have been undertaken to eaphe number of high-skilled foreign
workers in Taiwan. In 2007, Taiwan created the dtal Immigration Agency (NIA) to
“facilitate the migration of highly skilled peoplato Taiwan by streamlining the entry
procedure and helping immigrants adapt themselwve$aiwanese society™ Taiwan
sees highly skilled foreign workers as an importaart of its workforce.

4.2.5.2 Supply of NIT Graduates

The Ministry of Education of Taiwan provides a gamd of historical data describing the
enrollments and graduates in NIT degree fieldsufég.15 compares the number of NIT
degrees awarded at all levels in Taiwan betweerb 3 2006 to the number in the
United States. While the number of NIT degrees deain Taiwan is significantly lower

39 Rickards (2009)
>4 Rickards (2009)
41 O’Neil (2003)
42 0’Neil (2003)
*3Her (2007)
*4Her (2007)
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than in the United States, it has been growingdigpiTaiwan produced about half the
number of NIT degrees awarded in the United Siat@906.

Figure 4.15: NIT Degree Comparison: Taiwan and Unied States (1995-2006)
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Compared to the relative number of engineering wages in the United States, China,
and India, ranging from 100 to 300 per million z#ins, Taiwan awards many more
degrees per capita, about 3,000 NIT degrees péomditizens.

4.2.5.3 Programs and Initiatives

To support the growth of its ICT industry, Taiwaashprioritized foundational ICT
education policies and promotion of ICT through dueication of teachers and students.
The Computer Center of the Ministry of EducationqEICC) has taken the leading role
in developing National ICT Education Plans. The igliry of Education (MoE) has
begun several initiatives to develop the ICT wor&&including setting up competitions
on how to stimulate IT usage in primary and secondschools and developing
interactive learning tools. For example, the Mokated the History and Culture
Learning Net, an application to nurture active,atike, and cooperative learning of
historical facts and figure¥°Another example is the Educities initiative. Undbe
auspices of the National Science Council and th& Mgducities was created in 2000 to
help facilitate knowledge diffusion. Educities is8 @pen online educational platform”
that allows the participants, such as the schotaeghers, parents, and students to come
together and create and share online instructamaleducational resourc&.To further
facilitate teaching and research activities forosth, the Ministry of Education, National
Science Council, and Academia Sinica establishex Thiwan Network (TANet).
Currently, TANet provides students, teachers, angleyees of schools at all levels with

*>Taiwan Ministry of Education (2007a)
¢ Educities (2006)
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network services and encourages the sharing otires®. As of 2006, TANet's network
services are available to an estimated 3.99 mileople®*’ Besides general online
education platforms like EduCities and TANet, theoBMalso established “network
teaching platforms.” In 2006, the Network Applicati& Service Center at the National
Chi Nan University was created with support frone thloE. This was specifically
targeted at remote areas and students from fingnaiksadvantaged families in

Taiwan’*®

The MoE has also revised its educational policeesntlude ICT skills. In 2006, ICT
courses were included in the guidelines for primand secondary education. This
included a policy that information courses will bete electives in senior high schools
starting in 2009. The MoE also recognized that iideo to raise the quality of ICT
education for students, it was necessary to dos#ime for teachers. The Ministry of
Education established standards for various kifdsfeastructures in order to obtain
funding to turn primary and secondary schools iotonprehensive e-schools, which
allows teachers and students to access e-learamigeas easily*® Over the years, more
than one million teachers have participated inntrey courses on ICTThe MoE has
established websites such as a “learning gas statiee Education to E-learning (Etoe)
learning resources net, and Six Major Learning Ketse used by teachers, students, and
parents across the natiofl.The learning gas station focuses on providing emnand
teaching materials, whereas the Etoe learning ressunet emphasizes the sharing of
teaching resources and the Six Major Learning Mets e-learning tool. The MoE aims
to expand the sharing of learning resources in lb#h public and private sectors.
Therefore, the MoE also plans to standardize comaterials to allow the digital sharing
of information to teachers in different cities, oties, and areas?

As in other countries, there is a perceived diseahbetween ICT skills taught in school
and those desired by Taiwanese industry. The Tagesernment acknowledged these
concerns and has undertaken initiatives to impomegse materials in schools. The MoE
created a pilot project in 2006 called the Projectinformation Technology Teaching

and Training. Its main objective is to meet indysteeds for high-quality ICT workers

by reforming curricula within several universitf®The new curricula include software
engineering, program design, and embedded systwedecourses to help promote
fundamental problem-solving skills.

The Taiwanese government has undertaken a numbereffoiits to include
underrepresented groups in the ICT workforce, eafpgandividuals from rural areas.
For example, the MoE established Digital Opportur@itenters (DOC) to bridge the
digital gap between rural and urban cities. Wit 20illion USD in aid from industry,
rural cities were provided information software, rdvaare, books, and network
installations. From the combined efforts of theusitily, government, and academia, 61

4" Taiwan Ministry of Education (2006c)
>% Taiwan Ministry of Education (2007b)
>4 Tajwan Ministry of Education (2006a)
50 Tajwan Ministry of Education (2006a)
! Taiwan Ministry of Education (2008)

2 Taiwan Ministry of Education (2006d)

-172-



DOCs in 168 remote areas across Taiwan have beeple®d. In 2006, 14,000 students
were able to enroll in various programs offeredCifyCs, while 71,800 used the PCs at
DOCs. Furthermore, 2,900 volunteers worked at tHf@CB with 13,000 students
attending after-school assistarice.

Most of the NIT workforce initiatives undertakenTiaiwan focus on integrating ICT into
primary and secondary education. These are alsortang concerns in the United States.
Many of the Taiwanese knowledge-sharing initiatimesong teachers and students could
serve as useful examples for those desiring toongthe use of ICT education in US
schools. In addition, like many other countries,wiam recognizes that there is a
disconnect between ICT education and the skillsasetad by industry. Initiatives in this
area could also be informative to efforts in thaetebh States.

4.2.6 Japan

ICT is a significant component of Japan’s econoiiitye Japanese Ministry of Internal
Affairs and Communications (MIC) estimates that 68 industry was responsible for
40 percent of the economic growth of Japan in 20Q¥apan’s ICT industry is strong in
the areas of optics and imaging, components for ilmaielephones, and TV and
advanced visual content. It has a significant miaskare in DVD recorders at 69 percent,
plasma display TVs at 54 percent, and digital caset 74 perceft’ Japan has also
focused a lot of effort on studying and improvitgyNIT workforce, as discussed below.

4.2.6.1 NIT Workforce Trends

While Japan generates a lot of data on the NIT feock, there are very few estimates
that are consistent with the definition of the gatg 1 NIT workforce used in this report.
The MIC collects data on employment in the ICT sedh Japan. These data capture
employment in the ICT sector and not the numbd€adfworkers. Many workers in ICT
firms are not ICT workers and many ICT workers worknon-ICT firms. Nonetheless,
this serves as an indicator of the relative siz¢éhefICT workforce. Figure 4.16 shows
employment in the ICT sector in Japan between E@b2006.

53 Tajwan Ministry of Education (2006b)
4 MIC (2007)
%5 Myoken (2008)
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Figure 4.16: Employment in the ICT Sector in Japar(1995-2006)
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According to the figure above, the ICT industryJapan employed about 3.8 million
people in 2006, down from a peak of about 4 millior2001. Employment in the ICT-
related devices sector declined by almost 50 péerédemm 1995 to 2006, while

employment in other sectors remained relativelilsta

There are also data available on the type of ICTkers in Japan. The Japanese Ministry
of Economy, Trade, and Industry (METI) conductsuevey of large ICT firms in Japan.
This survey estimated that there were about 700y@@®ers in the large ICT firms in
Japan in 2007. Figure 4.17 shows the breakdowheskt workers by occupation.

Figure 4.17: Japan ICT Workforce by Occupation (200)
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The majority of ICT workers in large firms are sudire engineers (44 percent) followed
by programmers (19 percent). There are no availddiie breaking out the demand for IT
workers who are Japanese citizens.

There is little information available on the remetation of women in the Japanese IT
workforce. However, one indicator available at fR&D level is the fraction of IT
patents awarded to women. From 1980 to 2005, theomd Center for Women and
Information Technology calculated that 6.5 percaihflapanese IT patents had at least
one female inventor. This was lower than in theteéthiStates, where nine percent of IT
patents were awarded to women over the same tindp&

While there are little data on the policies of Japath respect to foreign IT workers,
Japan’s foreign worker policies are strict compdredther countried” In the 1990s, the
government of Japan loosened its policies to makeasier for foreign workers to
immigrate to Japan. This led to an increase iromdl of high-skilled foreign workers?

In 2004, there were an estimated two million foneigorkers in Japar? A significant
portion of these were likely high-skilled workefiie number of visas granted by Japan
to high-skilled workers increased 75 percent frobow 140,000 in 1992 to almost
250,000 in 19992 In ICT fields, the OECD reported that Japan habe increasingly
reliant on workers from China due to domestic skflbrtages$:* In 2000, 36 percent of
foreign workers in Japan were from China, seconty @@ The Philippines at 46
percent?

4.2.6.2 Supply of NIT Graduates

Japan’s Ministry of Education, Culture, Sports, édce, and Technology (MEXT)

publishes statistics on the number of new graduatésring employment each year by
degree level and field. Figure 4.18 shows the nurobgraduates entering information
and communications fields for each degree levéhipan compared to the United States.

6 NCWIT (2007b)

7 Fyess (2003)

8 Fyess (2003)

%9 Takeda (2006)

0 NSB (2004b)

1 OECD (2006), p. 146
%52 Chalamwong (2004)
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Figure 4.18: Number of New Graduates Entering Emplgment in Information and Communications
(2003-2006)
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Japan awarded on average 25,000 bachelor's dedr@88 master's degrees, and 100
doctoral degrees in ICT each year for the pasethiears. This is significantly fewer than
the number awarded in the United States and idylitee remain that way given the
smaller size of Japan’s population. On a per cdy@tas, Japan produced fewer degrees at
the bachelor’'s, master’'s, and doctoral level (288, and 0.9 degrees per million
inhabitants respectively) than the United State43,(208, and 9 degrees per million
inhabitants respectively) in 20065.

In order to determine whether a shortage of ICTkem® existed, Japan conducted a
study on ICT workforce development in 2007. Thisdst estimated the supply of
software engineers in Japan to be about 900,000danthnd for these engineers to be
about 1.5 million. This results in a gap of oveDBWO software engineers, as shown in
Figure 4.19.

%83 MEXT, NCES, and CIA World Factbook
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Figure 4.19: Software Engineer Supply/Demand in Jagn (2007)
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The overall size of the NIT workforce in Japaniiely to be somewhere between the
estimated supply of one million software enginearsl the estimated four million
workers employed in the ICT sector.

4.2.6.3 Programs and Initiatives

The IT Strategic Headquarters is the main bodyghatides high-level guidance for NIT
policy in Japan. In 2006, the IT Strategic Headtprardeveloped thdlew IT Reform
Strategy which set high-level priorities in Japanese NIdligy through 2010. This
strategy marked a turning point from a hardwarerdgd policy (where the Japanese
government has aggressively invested in buildirfgagtructure) to a software-oriented
policy. In order to implement the strategy, theSfrategic Headquarters requested that
the government address the shortage of skilleavaodtengineers by 2010.

A number of Japanese government ministries — imotuMIC, MEXT, and METI — have
funded programs to develop and strengthen the Niikforce in Japan. These programs
are summarized below.

Ministry of Internal Affairs and Communications (& Programs

Between 2005 and 2007, the MIC funded a programdireloping Project Based

Learning (PBL) materials. The target users of tB& Raterials were program managers
in 2005, information technology architects in 20@&d ICT managers in 2007. In

response to th&lew IT Reform Strategseleased by théT Strategic Headquarters in

2006, the MIC organized the Commission for ICT GloBompetitiveness and requested
the commission set a short-term goal to increapana competitive edge in the global
software market. The commission was comprised gffkpires from Japanese industry,
government, and academia. The commission’s repmtiested the MIC to increase
investment in software R&D (Research and Develoginesoftware standardization,

software workforce development, and public relaidie increase the international
visibility of Japanese software enterprise businébg report listed seven goals, one of
which focused on the NIT workforce, including:
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* Reviewing workforce development programs of othmrnties that export skilled
software engineers, such as China and India, anctlagfgng a plan for
establishing a national center for software woréodevelopment;

» Developing pilot curricula and PBL materials fogher education institutions to
foster skilled software engineers;

» Providing an opportunity for young software engise® participate in large-
scale software development projects implementedational R&D institutions,
such as the Japanese National Institute of Infoomaand Communications
Technology.

The workforce development goals required considertime to be implemented, and the
Director-General for Information and CommunicatPalicy Planning organized a study
group in 2007 to create an actionable plan to aehibese goals. The workforce study
group consisted of key figures from industry anddsnia. The group discussed the key
barriers to developing a skilled software workfoered explored ways to address these
issues. The workforce study group released a repor2008, which included the
following findings and recommendations.

» Software services are a relatively new businessstith@volving. The highly
skilled personnel who are capable of utilizing estat-the-art software technology
to solve problems in their corporate activities amtease labor productivity have
a crucial role in their companies. However, thepooate culture has not matured
enough to reward such personnel. A career patbucn personnel has not been
created in many companies, and very few comparaes systematic programs
for developing such personnel.

» Software engineering also has a relatively shatbhy as an academic discipline
and is evolving. Both companies and universitiegehHzeen too busy in keeping
up with the latest changes to cooperate in devetpitie workforce from a long-
term perspective. As a result, a large discrepancsts between the skills taught
to students in universities and the skills expetgdompanies. For example,
academic programs emphasize programming practatéasic theory of
computer science, while companies place a highevatudesign and modeling,
project management, and communication skills. feurntiore, the academic
community puts too much emphasis on publishinglagj while companies
desire practical application.

* Many Japanese software vendors have trained thiey-kevel software engineers
by themselves. However, competition in the glolodivgare market is increasing,
and they expect universities to reduce their trejrourden or hire skilled
engineers from China, India, etc.

» The Japanese government, industry, and academéawaked hard to solve the
problems listed above, but their efforts have Hesgmented. The workforce

%4 MIC (2008b)
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study group recommended the establishment of thenad center to coordinate
these efforts and to link the Japanese efforts intdrnational ones.

Based on the findings and recommendations of thkfaee study group, the MIC

revised the ICT Global Competitiveness Program @& and reorganized the seven
measures under three new missions: (1) build somatiplatform for increasing the

global competitiveness of Japanese software servi@ promote R&D projects to

enhance Japan’s hardware advantage, and (3) implethe strategy for increasing
Japan’s competitive edge in the global softwareketar

Ministry of Education, Science, and Technology (MBXrograms

The MEXT implements the Program for Developmenitedding IT Specialists. This is a
four-year program running from 2006 through 20@3,\Which the MEXT has provided
funding of about 8 million USD annually. The purposf this program is to provide
university students with a variety of professiooaiirses to develop their software skills.
Both software vendors and high-tech companiesusatsoftware to increase the value of
their products have provided professional traintegrses through this program. These
courses include lectures on project managemenpocate operations, social issues,
export control, and trade issues.

Ministry of Economy, Trade, and Industry (METI) Brams

From 2004 through 2006, the METI funded the Indutiniversity Partnership Program
for Practical IT Training. Through this programetMETI funded universities and
vocational schools to incorporate practical tragneourses from software vendors and
companies into their curricula. Approximately 2,51Qdents took these training courses.
Considering that the number of computer scienceugates in Japan is around 20,000
annually, more than one tenth of the graduates tbege training courses. In 2008, the
METI also started a program to honor company engaey annually for their
contributions to standardizing IT skills and hetpwther employees develop these skills.

Industry-Driven Initiatives

The shortage of the skilled software engineershes®n a serious problem for Japanese
companies. The Japan Federation of Economic Orgamns (JFEO) conducted a survey
with its member companies to understand their woodd problems. Findings of the
survey included:

« Computer science programs of Japanese univergiiestoo academic to give
their students practical skills, and less thanperent of graduates in computer
science were ready to work;

* Most of the JFEO’s member companies provided #wiry-level software
engineers with own training, but 20 percent of theene not ready to work even
after taking this training;

« Japanese companies expected universities to predsteady stream of 1,500
graduates annually in the specialized field ofwafe engineering.
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In 2005, the JFEO recommended that Japanese cagspayuvernment agencies, and
universities work together to meet the target afdpicing 1,500 graduates in software
engineering by 2010 and doubling that number okerlong run. In 2006, the JFEO
organized the Working Group for Highly Skilled NWorkforce Development under its

Information and Communications Committee and remakshat the Working Group

examine approaches to achieve these goals.

The various Japanese government agencies tookE@ decommendation seriously and
cooperated with the Working Group for software worke development. For example,
members of the Working Group joined the MIC studgup as observers, and assisted
the study group in making the actionable plan forkforce development. The Working
Group also assisted the MEXT in designing the Ruwgfor Development of Leading IT
Specialists and in reviewing proposals for the paogfrom universities. The Working
Group also assists in the following ways:

* Members assist universities in setting project g@aald developing curricula for
their professional courses.

» The companies of the Working Group members voluritessr employees as
lecturers. This includes four full-time lecturewdtfor each university) and
around one hundred part-time lectures.

* The companies of the Working Group members ofigdlestts taking the
professional courses financial aid (up to 2000 Usdnhthly per student).

* Members give speeches to motivate current and pakstudents taking the
professional courses to pursue a career as a sefemgineer.

» Twenty companies of the working group members aifeyut fifty summer intern
positions for students.

Although companies, government agencies, and wsifies have cooperated to impart
practical skills to students, their efforts ard $tagmented and they are far from meeting
the target of 1,500 graduates annually. In 200é, 3REO called for establishing a
national center to organize these endeavors. Rrsgfanded by the government have
fixed periods and the universities find it hardoféer their training courses continuously
after the government funding runs out. The natiooahter would consolidate the

resources accumulated through these programs. utdwalso serve as a hub for the
software workforce development initiatives. As meméd in the previous section, the
MIC’s ICT Global Competitiveness Program also esddr the establishment of the
national center. The MEXT Program for Developmdriteading IT Specialists currently

encompasses some of the functions that would hgnaskto a national center. The
MEXT program will end in 2009, and the JEFO calledestablishing the national center
in early 2009 to transition seamlessly from the MEogram.

Many of the Japanese initiatives relating to thel Niorkforce have focused on

improving the connection between NIT employer nesa$ NIT curricula. This is also an
issue in the United States, and some of the Japagregrams, such as the Program for
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Development of Leading IT Specialists, could semgeexamples for those wishing to
address this problem in the United States. Japaalsis hoping to centralize NIT
workforce efforts, something that is rarely disagsthough may be worth considering in
the United States.

4.2.7 Republic of Korea

South Korea is among the world leaders in infororatechnology hardware production.
Korea accounts for almost six percent of the wpraduction and export volume in the
NIT industry®* In 2008, the Korean Ministry of Knowledge Economeleased a plan to
guide the development of the Korea IT industry otrer next five years? Currently,
Korea has a strong competitive advantage in serdigdors, display panels, memory
chips, and wireless communication devié3he new plan attempts to build upon these
capabilities with a focus on applications in autdies, radio frequency identification
(RFID) devices, and Internet protocol TV (IPT%¥j.Korea’'s NIT workforce is well
studied and there are a number of initiatives umndgrto address the perceived shortfall
of workers discussed in the following sections.

4.2.7.1 NIT Workforce Trends

The Korea Association of Information & Tele-commeation (KAIT) estimates that the
size of the NIT workforce in Korea was about 1.4lion in 2006. This includes both
category 1 and category 2 NIT workers. Figure 4RB0ws the size of the Korean NIT
workforce between 2000 and 2006. The NIT workfarc&orea grew at an average rate
of about 2.3 percent per year between 2000 and. 20&@ from the Korea Employment
Information Center show that about 50 percent ef KT workforce have bachelor’s
degrees or highét® Therefore, the size of the category 1 NIT workéoin 2006 was
likely around 700,000.

%5 Research and Markets (2005)

*%¢ Tong-hyung (2008)

57 Tong-hyung (2008)

%8 Tong-hyung (2008), EE Times Asia (2008)

%9 Korea Employment Information Center (2006)
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Figure 4.20: Korean Category 1 and 2 NIT Workforcein Thousands (2000-2006)
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In 2005, women comprised 42 percent of the Korearkfgrce but only 26 percent of

NIT occupations. Their representation is lower @nvge IT jobs (18 percent) than in

manufacturing IT jobs (41 percent). Outside of fheector, this trend is reversed with a
greater fraction of women in non-IT service job8 percent) than non-IT manufacturing
jobs (31 percent)?

The Korean Employment Information Center condudatsoacupational employment
structure survey each year. Table 4.8 shows trenN$T occupations from 2001 to 2005
in Korea. Over this time period, there has beeeaeahse in the fraction of NIT workers
in software/system development and digital contentaipations while there has been an
increase in the fraction of workers in hardwarentemance occupations.

Table 4.8: Percentage of Korean NIT Workforce by Ocupation

2001‘ 2002 2003 2004 2005

Software/System development, design occupationpgrou 19%| 17% 16% 16% 15%
Digital contents occupation group 9% 9% 5% 5% 6%
System operation/administration occupation group %11 13% 13%| 14% 14%
Hardware development, design occupation group 119%4% 1 17%| 13% 119

IT education occupation group 11%| 12%| 149% 129 12%
IT technology sales occupation group 7% 5% 4% 6% 7%
Hardware maintenance, communication and medidacgeoecupation group 32% 30% 31% 34% 35%

Source: Korea Employment Information Center

There are little data available on the fractiolN®T jobs that require Korean citizenship.
However, looking at the policies on high-skilleddmn labor can provide some insights.
Since 1991, the Korean government’s policy towarifjn workers has been “to accept
workers as technical trainees to solve the cousittgbor shortage problem’ From
1994 to 2000, the number of foreign workers in Kogrew rapidly from 30,500 to
122,500. As for Japan, China has been the largeste of foreign workers in Korea

%K orea Employment Information Center (2006)
*"! Chalamwong (2004)
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comprising 35 percent of the total foreign labacéin Korea in 200072 The majority of
these workers are high-skilled workers. As the OEf@ported in 2004: “Japan and
Korea share a determination to confine immigratimmighly-skilled workers?” Given
the importance of ICT to the Korean economy, mainthese workers are likely in ICT
fields.

4.2.7.2 Supply of NIT Graduates

From 2003 to 2006, Korea awarded about 46,000 oetelgNIT degrees each year. This
is about 40 percent of the number awarded in theedrstates, as shown in Figure 4.21.
However, Korea awarded more NIT degrees on a ppitacdasis (917 per million
inhabitants) than the United States (323 per mmillidhabitants) in 2008

Figure 4.21: Korea vs. US Annual NIT Graduates (208-2006)
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Unlike many other countries we have examined, tiraber of IT graduates in Korea has
not been growing rapidly, as shown in Table 4.9.ilgVthe number of IT graduates
increased between 2003 and 2005, the number deédbetsveen 2005 and 2006 at both
the undergraduate and graduate level. At the senge the growth in the number of total
degrees awarded slowed from about six percent eet\@003 and 2004 to less than one
percent between 2005 and 2006.

Table 4.9: Number and Percentage of Korean NIT Gradate, by Degree Level (2003-2006)

Undergraduate IT Degrees 30,4381 32,114 32)766 483,3
Graduate IT Degrees 6,387 7,071 6,924 6,194
Total IT graduates (Undergrad + Graf) 36,818 39,185 39,690 38,540

Source: KISDI (2007)

>"2 Chalamwong (2004)
** OECD (2004)
> KISDI (2007), NCES, and CIA World Factbook
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Projections for IT degree production in Korea a tachelor’s level and beyond show
only a slight increase for 2011 compared to 2004 f@&rcent increase at the bachelor’s
level and 3 percent at the master’'s and doctovaldg>"

Korea is one of the few countries outside of theté¢hStates that projects the supply and
demand for its NIT labor force. In 2007, a teamredearchers at Korea Information
Society Development Institute (KISDI) publishedepart titledLabor Market Forecasts
for IT Profession$® The methodology used by the KISDI researchersrogegt future
workforce demand was based on the BLS methodolbglyle 4.10 shows the KISDI's
estimates for supply and demand over the period@-2001 for IT workers. The KISDI
estimates a shortage of about 10,000 category MWdiKers between 2007 and 2011.

Table 4.10: Korea IT Workforce Supply and Demand Foecast (2007-2011

Graduate degree  Undergraduate All Degree Types

IT workforce supply (A) 33,594 136,009 169,603
IT workforce demand (B) 43,340 137,127 180,468
Gap (A-B) -7,747 -2,882 -10,629

Source: KISDI (2007)

The shortage of workers in Korea is projected amlgoftware fields, while hardware and
other fields are projected to have surpluses okersrbetween 2007 and 2011 as shown
in Table 4.11.

Table 4.11: Gap (A-B) in Supply and Demand by Fieldind Degree Type (2007-2011)
Graduate degret Undergraduate degre All Degree Type;

Software -19,402 -32,11( -51,517
Hardware 2,922 2,453 5,375
Others 8,73p 32,544 41,277
Subtotal -7,747 -2,884 -10,624

Source: KISDI (2007)

Korea appears to face the same problem as thedJgitges, with increasing demand for
category 1 NIT workers coupled with a decliningconstant supply of NIT graduates. In
both countries, this issue is more of a concersafiware-related fields than it is in

hardware fields.

4.2.7.3 Programs and Initiatives

From 1994 to 2008, the Ministry of Information a@dmmunication (MIC) in Korea was
the leading force in designing ICT policy. The M¥gas closed down in 2008 and its
main function of supporting the ICT industry wasigeed to the Ministry of Knowledge
Economy (MKE). In part, this change was motivatgditiie political philosophy of the
new administration in Korea, which aims to reduoe $ize of the government. A major
reason for merging the two ministries was thattéobnologies were merging (referred to
in Korea as fusion technology). The governmentdvels that to create a national system

"> Korea Division of Human Resource Development (3008
S KISDI (2007)
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of innovation that can encourage development oiofusechnology, the ministries in
charge of different technology areas should be etkrg

Under the MIC and now the MKE, the Korean governmkeas paid considerable
attention to and committed significant resourcebuiding the IT workforce. However,
in 2008, the total amount allocated for IT work#®rdevelopment was decreased by 8
percent to KRW 97.8 billion ($73 million US dollas¥’

Korean initiatives for encouraging interest and aagament in ICT careers are largely
focused on the higher education sector and thaimeig of the existing IT workforce. In
terms of quantity, Korea now produces more collggaduates than the market can
absorb, and the lack of jobs for the younger gdimgrehas become a critical issue.
However, Korean industry continues to express tgfaation with the quality of training
students receive at universities, and there is @onabout the high cost of company
training of new hires. There are also concerns talb&itaining the existing workforce to
stay competitive in the fast changing fields of ICT

Korea can compete globally in ICT hardware and rfesturing, such as manufacturing
memory chips, LCD displays, and mobile phones. H@arethe software sector in Korea
is relatively weak and plagued by many problemse phofit margins are thin in the
software market, which translates into small sesoftware companies, low wages, and
lack of job security.

The lack of interest in majoring in science andieegring fields among high school

students has also been a serious concern for treaK@overnment. So far, the IT sector
has been less affected by this trend because themjarket is still strong and IT

manufacturing companies such as Samsung and LGeading companies with high

prestige.

Korea’s master plan for ICT workforce developmeotuses on three areas: training
highly skilled ICT researchers, retraining the @&r workforce, and upgrading
university education. Representative policy initi@s in each of these areas are described
below.

4.2.7.4 HANIUM Cyber-infrastructure Program

HANIUM is the Korean word for "link to one," andsiimission is to provide a service
that links enterprise and educational institutionghe Institute for Information
Technology Advancement (IITA) developed the HANIWe in 2004 to train an IT
workforce that can meet industry’s demafidhis site was designed to allow online
communication for industry-university collaboratidhANIUM supports a program that
enlists IT professionals in industry to mentor stotd. As of 2008, 1,400 IT professionals
were registered as IT mentors. HANIUM is also ael#o find internship opportunities
that can lead to permanent positions. A limitawdthe HANIUM program is that, even

7741 = KRW 1338.40 as of April 24, 2009
578 http://www. hanium.or.kr/engl/ScmAdminServlet?cmdima
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with government support, top universities and comgx do not actively participate.
They do not have as strong a need to participatesem®nd-tier universities and
small/medium-sized companies. Unfortunately, thetk of participation diminishes the
prestige of the HANIUM program.

4.2.7.5 Strengthening Research Capabilities of Univ  ersities: Information
Technology Research Centers (ITRCs)

To train high-level researchers and strengthenarekecapabilities at universities, the
MKE supports centers of excellence programs in ensities called Information
Technology Research Centers (ITRCs). The annuafjgiufbr the ITRCs is USD 23
million, which supports about 45 centers each y&dhe ITRCs are encouraged to work
closely with industry partners. There are many ottenters of excellence programs
supported by other ministries (such as EngineefRegearch Centers and Science
Research Centers supported by the Ministry of HitutaScience, and Technology), but
the ITRCs focus on IT fields and has been succkssfdeveloping close cooperation
between universities and the IT industry sectohe®©programs designed to strengthen
university research capabilities include a felloigsprogram for international students
and support for bringing international scholar&tmean universities.

4.2.7.6 IT Curriculum Improvement — NEXT Program

The NEXT (Nurturing EXcellent engineers in infornost Technology) program is
designed to encourage improved quality of IT edooain Korean universities. Once
awarded, a university IT department receives USD,A® per year for four years. The
department curriculum must be certified by the ABEAccreditation Board for
Engineering Education of Korea) to ensure thatdimiculum meets certain standards
and industry needs. The ABEEK is modeled closetgrahe Accreditation Board for
Engineering and Technology (ABET) in the Unitedt&sa It is a joint effort between
engineering societies, the Korean National AcadervhyEngineering, industry, and
government. The ABEEK is the only body in Koreat thertifies engineering education.

One of the goals of the ABEEK is to provide curlicthat will help university graduates
be effective employees immediately after they aredh without the need for retraining
by companies. Samsung is most enthusiastic in stippoABEEK certification. For
example, Samsung declared that it will give jobliappts 10 percent extra credit if they
have completed a curriculum certified by the ABEHKiIs is significant enough to make
a difference in the hiring process. Other compaaresnot yet following Samsung'’s lead,
but Samsung’s new policy is having a major impact Korean universities. Since
Samsung’s announcement, many engineering depadnieave started the ABEEK
certification process. With the help of the NEXTogram, ICT departments are actively
seeking ABEEK certification.

" Korea Division of Human Resource Development (3008
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4.2.7.7 Retraining Program for IT Workforce

After the economic crisis in 1997, the Korean gowveent provided a major retraining
program for employees who were laid off. A stigmaswattached to those who went
through the retraining program, with the resultwe#akening support for government
retraining. Recently though, the need for providiegraining for the ICT industry has
been recognized and the budget for retraining ihaeased.

There are several different retraining programse $hort Term Retraining Program for
the IT Industry aims to provide customized progrgtnaining schedule, location, and
contents) for specific companies. Other prograngetaspecific subfields of ICT, such as
software and the digital contents industry. Thaltatmount of funding in 2008 for all of
these programs was USD 12.6 milli$h.

4.2.7.8 Summary

Overall, Korea is devoting a significant amountedfort to address its ICT workforce
issues. To align industry needs with IT curriclHarea created the ABEEK. Due to the
significant political power of IT firms in Koreat appears as though these efforts are
affecting higher education in Korea to a greategree than similar efforts are in the
United States. Korea also has a better systemithidne United States to track the career
paths of its graduates and to collect data thatnaoee detailed on the state of its
workforce. This is due in part to the fact that &iis a smaller country than the United
States and that it is generally easier for the Hioorgovernment to implement data
collection requirements. Korea faces many probléms are similar to those facing the
United States, including the declining interest@T majors among college students and
the underrepresentation of women. While there #i@te underway to address these
issues, they are not very different from those awdg in the United States.

4.3 Gaps in International Information

As noted in the previous sections, there are a eambgaps in the information available
on the international NIT workforce. On the demaiu smost of the countries we studied
provide data on the current size of the NIT workébrand some provide short-term
projections. Few countries, with the exceptionhdd EU and Korea, provide long-term
projections like those provided by the BLS for th8 workforce. For the international

data that are available, varying definitions makenparisons difficult. Some countries,

such as Korea and Singapore, report data of gualititar to data provided in the United

States, but this is not the case more generallyle/ftne International Labor Organisation
attempts to provide consistent labor force measateshigh level of aggregation, these
data do not have enough detail to analyze the ghdaworkforce.

China is the most striking example of a lack ofadahcountered in this report. China
provides the least amount of data on both its woydd and educational system. On the
demand side, we were only able to find rough, dastnates for the size of the NIT
workforce in China. In regards to supply, after imea€fort trying to estimate the number

%80 K orea Division of Human Resource Development (3008
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of NIT graduates in China, Gereffi and Wadhwa coaidy estimate the number of
engineering graduates. Considering the perceiveoditance of the Chinese workforce to
the future of the US NIT workforce, this represeatglaring need. The inability to
estimate the number of NIT graduates is also amei$sr other countries we studied,
including the EU and Singapore. These countrieaatgrovide sufficient detail in their
educational data to estimate the number of NIT gasek. This is often because NIT-
related engineering degrees are not broken outatehafrom other engineering degrees.
Lastly, while workforce data provided by India &tter than for most countries, there is
a lack of high-quality trade data needed to estntia¢ magnitude of outsourcing in the
services sector. Given India’s position as the npmgiular location for offshoring IT
functions, this trade relationship is importanuutaderstand. Chinese workforce data and
US-India trade data are two key deficiencies in itifermation needed to address the
major issues facing the US NIT workforce.

In regards to programs to support the NIT workforteere was sufficient information
available for all of the countries studied. Howewehile we conducted searches in many
languages to identify key programs, the resultewf searches may be biased towards
programs funded through international cooperatigesl by governments. Programs
organized at the local level like those funded digio small non-governmental
organizations (NGOs) are less likely to have welgegaor to publish other media
materials, and are also less likely to be indexighilf in search engines. Nonetheless,
our searches led to a number of programs in eaghtigofunded by both industry and
government. For comparing best practices and fqdamovative ideas in the future, it
may be valuable to maintain an up-to-date listifgN6r-related programs undertaken
around the world@*

4.4 Lessons from Other Fields

In the United States, we found that occupationagenproblems facing NIT also face the
field of nursing. There have been significant shges of workers in healthcare-related
fields in other countries as well. Based on ouriewvof the literature, shortages in

healthcare occupations have received the majofityiternational press and scholarly

attention outside of the NIT workforce. As notadthe United States nursing is regarded
as a profession dominated by females. It is alesved as a profession that lacks the
prestige of a physician. The shortage of nursdabhenUnited States is attributable partly
to its public image and partly to the lack of n@rseith advanced degrees to educate
subsequent generations. Other countries are faimidar problems but have the added
problem that their well-trained nurses leave tdksggportunities abroad. Most of these

countries discussed in this section on lessons ftrthrar fields are not the countries that
are the focus of the study. We found a lack ofrdiiere relating to issues in other

occupational fields for the countries studied irs tteport that are relevant to the NIT

workforce.

81 See Scheer (2008) for an example of utilizing MMépping tools to keep an inventory of workforce
programs and initiatives.
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Internationally, the global nursing shortage pregidan analogous problem to the
shortage of NIT workers in the United States. Hosvewthe global nursing shortage
affects wealthy and poor countries differentlywealthy nations, the need for nurses is
critical as the populations are aging and the nundfenurses to provide care is
decreasing. In poorer nations, increasing populatare taxing the capacity of healthcare
services. In addition, the critical shortage of gibians leads to nurses being the source
of primary care for significant segments of the gagon.

In nursing, as in NIT fields, the workforce straeesgof all countries, rich and poor, are
dynamically linked. The strategies to increasenimber of nurses in wealthier countries
fall into four primary categorie®?

« Improve retention in the education and professipifaline;

» Broaden the recruitment base (include men, mattrams, ethnic minorities,
less qualified entrants with vocational qualificats and work-based experience);

« Attract former nurses back to the profession;

 Import nurses from other countries.

The last of these strategies, importing nurses fagher countries, affects the labor
markets in both rich and poor countries. It ultiebatshifts the problems associated with
the nursing shortage to poorer countries. Accortling study on the migration of Indian
nurses, approximately 50 percent of new registaergdes in the United Kingdom were
from India in 2001. In an extreme example of prefesal importation, approximately 90
percent of the nurses in Saudi Arabia are from adi®

These broad strategies, particularly importing rtaligom foreign countries, raise the
issue of a brain drain that is relevant to potésti@ategies for addressing the shortage of
NIT workers in the United States. Advocates forréasing the number of H-1B visas
issued for the recruitment of foreign-trained NITonkers often overlook the
consequences of the possible brain drain on theehoauntries of those workers.
Undoubtedly, in countries with an imbalance betweeducational training and
employment opportunities, stemming the exodus oflesk workers is a continuous
challenge. A 2006 World Health Organization (WH@gtf sheet on the migration of
health worker8*recommended that countries on the exporting sfdde divide must
focus their strategies on increasing the incentivesiurses and health workers to remain
in their home country. The WHO then recommendedjdoiterm strategies such as
improving the working conditions for nurses andaowng their education to suit the
specific needs of the country.

Efforts to retain talented workers are afoot in ynaountries and in many fields. One
strategy is to connect educational funding to serviThe Gretta Foundaticft, for

%82 http://www.bmj.com/cgi/content/full/324/7340/751

%83 http://www.human-resources-health.com/content/7/1/5

%84 http://www.who.int/mediacentre/factsheets/fs30 lifetéx. html
8% http://www.grettafoundation.org
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example, offers scholarships to nursing studentsations with severe health crises.
Students are required to serve as nurses in theietcountry for a period of time that is
determined by the years of funding they receivéaeDtountries, such as Thailafidnd
countries in the Caribbe@hoffer scholarships like the Barbados Island Salsbig and
the Royal Thai Scholars Program, which requireatspients to seek educational training
in specific fields that contribute to national neetdpon completion of their education,
scholars are required to serve in their home cam@ind contribute their specialized
skills. These attempts by nations facing criticeve&lopment needs offer potential lessons
for the United States’ efforts to increase the NWorkforce. One such lesson is to
develop funding structures attached to promoticaahpaigns that contractually connect
NIT education to a sense of national service amdnctment.

The WHO’s recommendations for the importing cows#tralso provide potential lessons
for NIT workforce strategies in the United Statd@$ie first recommendation is that
importing can be reduced through efforts to imprtwe education of domestic students
in NIT-related fields. Such efforts are already emvehy in the United States. The second
recommendation is to develop bilateral agreementls the exporting countries. The
strength of the NIT educational structure in Indiay example, offers a potential
opportunity for such partnerships. Many of the U8hange and study abroad programs
for students emphasize cultural exchaf§e’>*° Finding ways to incorporate global
cultural fluency into computing education is a i@ lesson that could be taken from
international strategies focusing on healthcareipations.

%86 hitp://www.ts47.org/download/TSProgramDescriptiati. p
%87 http://www.mes.gov.bb/pageselect.cfm?page=78

%88 http://www.isep.org

%89 http://www.asse.com

%90 http://www.afs.org/afs_or/home
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