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The Conference Report accompanying the Conselidated Appropriations Act of 2004
(P.1. 108-199) tasked the Department of Conunerce’s Technology Adninistration to conduct
a six-month “assessment of the extent and implcations of workforce globalization in
knowledge-based industries such as life seiences, information technology, semiconduciors
and financial services.” Thres industries, representative of the United States” Innovative and
competitive strengths, were selected for analysis: the informmation technology (IT) services
and software Industry, the semiconductor tndustry, and the pharmacentical industry.

The Conference Report also stated that the assessment should “focue on ULS. firms’
business strategies and practices, a8 well as the education and training programs in countries
such as Jupan, China, and India.” To support this, the review examined related business
strategies and practices of U.S. companies within the three industries, and the education and
training approaches of select nations in developing scientific and technical workers. ’

Methedology: This six-rnonth review uses data available throngh June 2004,
Currently collected government dats can offer only very limuied ingight into the extent and
impact of workiorce globahzation. Absent this ability to perform detailed empirical
estimation, this review summarizes information gathered from 2 variety of sources in order to
provide a snapshot of current trends in workforse globalization, Information sowrces for the
analyses inchude: industry surveys; snnual reports; Seourities and Exchange Comumission 10-
K and Z20-F filings; government data on employment, direct investmeant, and trade; and
published articles and reports. Additional qualitative information on VLS. firmes” workforce-
related practices and strategies was collected through discussions with companies, workshops
with scadermia and industry experts, and stiendance at industey conferences. The findings in
this review are derived from working papers generated for the thres industries and an
additional working paper en education and training.

One challenge for this review was the ability to quantify the extent of workforoe
globalization within each industry. For example, it was not posaible to accurately determine
the actual numbsr of workers or jobs moving from one country to another based on available
employment, rade, and industry data. It was also not possible to determine whether the shoft
of U.8. work to non-ULS. Jocations resulted in job losses for US, workers or whether the shiff
of work to non-U.8. destinalions was replaced by new work in the United States.
Additionally while “insourcing” of work into the United States does oconr and is seep by
some as a vital part of workforce globalization, accounting for 6.3 million Americans
employved by ULS. affiliates of foreign-owned companiss with an axmual payroll of §350



hillion in 2&03,’ this review focuses on outsoursing and offshoring and is impacts in the three
Imowledpe-based industries.

1t should be noted there are many recent studies showing that the globalization of the
workforee, along with global sourcing, offers juat as many opportunities as challenges for
1.8, firms and workers. For examp}eq according 1o the McKmsw Global Institute,” if half of
the potential transferable jobs in the United States were relocated, it would amount to 3 job
tarmover of 225,000 or approximately 1-2% of the jobs created in the United States each year.
The McKinsey report highlights the following opportunities for U.8. Srms and workers:

s The United States provides an environment to breed middle managers and high-
end profeasionals, something other countries lack. The globalization of the
workforee actually offers many opportunities for U.S. firms and workers.

s  On ahost of non-cost dimeénsions, including vendor location, market size,
infrastructare, ami enrvironment, the United States remains an altractive place for
sther couniries.” In fact, the United States has a large and growing trade surplus in

services (ses chart below).
s Dtz on 1.8, multinationals suggest that for every one job that U8, multinationals
created bmad in their affiliates over 1991 o 2001, they created nearly two U 8.

jobs at home.*

Trade Surplus in Services
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‘ I)epgmrem of Commerge, Rusesy of Boonomis Analysis, "U.8. Affiliates of Foreign Companies: Operations
m 2081," Survey of Curvent Business, August 2003,

! MeKinsey Global Instinute, “The Bmerging Global Labor Market,™ July 3005,
* “Dioing Business in 2005: Removing Obstacles to Growth,” The World Bank, 2005; and World Economie

Foruxs 2004 Competitiveness Raukings, Switzerland.
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Additienally, according to the ULS. Bureau of Economic Analysis, for the past 23
years, three-fourths of the production, expenditures, and employment of U8, multinational
companies has consistently remained on American soil. From 1991 snd 2001, for 2,300
multinations] companies, employmoent in foreign affiliates rose by 2.8 mallion jobs and
employrnent in ULE. parent firms rose even more——by some 3.5 nuilion jobs,

Background: Many businesses today regard global operations ag a way 10 acuess new
markets, sources of revenue, lechnologiss, and alternative production configurations. As
companiss glohalze business operations, effects on work and workers follow, U8,
compamies in the three knowledge-based industriss that were surveyed in this asscesment
generally indicated that they operate worldwide to reduce costs, locate clossr to their %EGBai
customers and to mest the round-the-clock expectations for customer service delivery”.

by an mvmw:zs on creating val Tue fmm new ideas :mé macmts as distinet from matenai
mputs and demanding physical labor. For example, the products of the software industry are
among the most c&mepmak and intangible of all new products. Today, knowledge-based
work can be seen in areas including software d»velcpmcm, financial services,
pharmaceuticals, engineering services, bistechnology, and semiconductors among others.

This shift in emphasis from physical msterials to ideas as the core of value creation
as accelerated in recent decades and is at the center of a knowliedge-based mndusiry. This
hift is also reflected by what workers do on the job, with a growing proportion of the ULS.
work orce creating value through intellectual endeavors, rather than predominately through
manual lgbor, Finally, knowledge-based industries are also characterized by the sducation
and skill of their workers. These industriss have a significant portion of their workforces in
non-routing jobs, in which workers create, interpret, analyze, and transform mformation o
creste economic value from knowledge.

Workforee Globalization: For decades, industries have become internations! through

everal means: in the manufacturing supply chain, in the movement of goods across borders
throngh trade, in the movement of capital, and in the flow ofwechnology and intsliectual
property. Workforce globalization ocours in a2 variely of ways and various lerms have baen
used to describe these shifls of work. This review used the defimtions below for three
conunonly used terms: outsourcing, nffshoring, and insourcing. It should be noted, however,
that workforce globalization also can arise in other ways. For example, 2 U.S.-bassd
multinational company might f:xparﬁ its operations, offer related services in locations outaide
of the United States, or enlarge is existing product line to meet differing demands by foreign
consumers. These new or expanded sciivities may reflect jobs created abroad thet do not
directly displace current ULS. workers, although some may view these as jobs that could have
been performed by ULS. workers and once might have heen expscted {0 be performed in the

* Rased on surveys conducted by Technology Administration analysts collested fhrough private discussions with
compandss, workshops with academda snd industry expests, and atiendance 8t industry conferences.
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United States. As a result of the potential implications for U.8. job creation snd employment, -
these manifestations of workforee globslization have often besn lumped together in
uifshering discussions.

Ceneral ndings fom this review’s ang

Ed

Outsourcing is whern & company refocates a whole process, a piece of & process, 2
function, or a discrete piece of work owmside of ¥ts own corporate boundaries.
Compsnies sesking fo focus their management, work{orce, capital, and other
yesourees on their “core competencies” sxamine their business processes for work
that can be performed sffectively and cost-advantagenusly outside the company—
such as accounting, human resources management, call centers, or mformation
technology sperations—while preserving the company’s competitive sirengths and
maximizing finansial gain.

Offshoring refers to the relocation of a whele process, a pisce of 2 process, 2
function, or a discrate piece of work outside the geographic boundaries of the
United States. The work can be done in an offshore location either within the

houndaries of the company or outside the boundaries of the company.
pany .

Insourcing describes work offshored by other nations into the United States.
Tnsourcing is the movement of fureign jobs to the United States and has risen in
recent years as more foreign firms set up operations In America with new foraign
direct investment in the U.S. totaling $36.9 billion in 2003, U.S. subsidiaries
reinvesting $38.6 hillion in thelr 1LS. operations, and U.8. subsidiaries spending
$27.5 biltion on U.8. research and development activitiss®

<

ivses suggest that:

The U8, business climate, large consumer markets, sod 2 formidable
reseaveh and university sysfem remain magnets for business setivity and
continge to sitract leading sclentific and {echnical talent o these kpowledge-
Based lndusiries. o :

{18, companies in the keowledge-bared jndusivies thal were surveyed use
workforees in other countries for & variety of reasons: market expansiog,
increased fovus on core competencies, service of customers in other pations,
and, in some casey, cost savingsf Accass to labor poals in other countries allows

Organization for International Investoent, Facts and Figures on Internations! Buginess Investing in Amenca,

2004

Based on surveys conducted by Tecknology Adwinistration ansltysis collected Grrough private disoussions with
companiss, workshops with acadeinda and indusiry experts, and atendsnce 31 industry confersnees. :



0.8, companies to scale their workforess in response to constantly changing
business requirements. The U.S. companies that were surveyed generally tap labor
pools in other countries for specific segments of thelr operations, rather than the
entire value chain of work.

« LS, companies in the knowledge-based industries that were serveyed are
dividing business processes into smaller discrete elements—rather than the
traditional divisions of research, production, and marketing—allowing them
to outsource pleces within a larger business preces&.g This can oocur through
gengraphy, a5 a result of dispersed centers; in particular components of @ work
process, such as semiconductor design or customization of a standard IT
application; in work sharing, 24-howr oparations with teams around the world; or
through arrangsments where companics work with affiliates in other Jocations.

s While Indin and China are attempting to develop national sclenee and
technology education systems that meet international standards, they face
ohstacles in creating sueh systems. Mass post-secondary enrollments in both
countries reflect 2 movement from aduncation of the clite to more universal access
which means that existing educational infrastracture will have to be improved.
The guality of the curriculs and training, and whether they are equivalentto US.
degrees, has not been well-assessed.

« New approaches to data collection conld enable a heiter understanding of the
effects of workforce globalization on an indusiry, worker displacement,
national produciivity, asd economic growth. The Commerve Department’s
Rurean of Beonomic Analysis and the Labor Department’s Bureau of Labor
Statistics are seeking to create better, guantifiable meassurss 1o understand thegs
trends, ‘

The following sections sumumnarize key findings from a review of the workforee and
scononye trends in the three industries. Also included, are findings from areview of the
sducation and frairing systems in Ching and India

Informarion Technology (FT} Services and Software

T the glebal competition for IT services and software work, the United States has
capabilities sud strengths that make it a cholee location for work with certain
characteristics, IT services and software firms have work performed whers they believe it
will be done most effectively and cost-efficiently.

¥ Ihid.
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'ﬁffsherin§ currently represents less thas 3% of total US, IT services and software
spending.” The lack of detailed domestic and internations! data on workforee, indusiry, and
trade prevents a sivong quantitative assesament of the full extent of global sourcing of IT
services and software work, and an assessment of longituding] trends.

While the UK, IT industry has expericnced a decline in job growth since the boom of the
1990°s teck bubble, it is not clear what impact offshoring bas bad on the industry. The
acceleration in offshoring coincided with a variety of other factors (hat affected 1T
employment significantly, including the bursting of the Internat dot.com “bubble)” a
dowrsturn ¥n the business cycle; the end of YK preparations; snd the lerrorist attacks of
Septernber 11, 2001,

Businesses recognize that there are s number of risks, however, sssociated with
offshoring IT services and software that could deter U.S. companies from moviag
ceriain operstions oversens.’® These risks include vendor/contractor management
challenges; cultural and communication barriers; data security and confidentiality; difficulty
in effective knowledge ransfer; tine zone differences; inadequate telecoramunications and
other infrastructure; unexpecied costs; risk to imtellectasl property; exposure/loss of core
business knowledge; lack of offshoring management skills; geopolitical instability of 2
destination nstion; political backlash and adverse publicily; foreign government impediments;
and different work schedules,

Busingeses want to retain certain kinds of IT services and software work in the United
States.”’ Characteristics of such TT work include: products or procésses in which there is
uncertainty about customer needs or specifications; projecis requining highly iterative
development processes; work that invelves a high degree of personal interaction with end-
users or clients; work that orosses many disciplines; apphications with complex procedures,
suclh g8, substantial mannal intervention and data fixes; applications that invelve a high degrec
of integration with other systems developed and maintained on-shore; work involving nuances
or deep cultural understanding; work in which much of the knowledge exists only in the
minds of the on-shore IT staff; analytical tasks, leading-edge research, and non-rule-based
‘decision-making; high levels of creativity, innovation, insight, “thinking outside the box™;,
high management interaction requivements; process design and business analysis; technelogy
and systems integration {applications, hardware, and netwarks); and fusion of industry

knowledge, high-level IT skills, and business process expertise.

? See “Impact of Offshore IT Software and Services Guisourcing on the U.S. Economy and the IT Industry,”
Information Technology Association of America xud Global Insight, March 2004

¥ Raced on industry surveys conducisd by Tachnology Administration snalysts collected through private
discussions with companies, warkshops with acaderma and indusiry experts, and altendance 31 ndustry
conferenues. »
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Semivenduciors

The semiconductor industry in the United Stafes operates in a dypamic scanomy, capital
market, and business environment that allow entreprenenrs to {ake new ideas to market
guickly,

s The U1.5. semiconductor inductry is considered to have a creative design ssctor.
For exsmple, the United States has the only “fabless” company, which focuses
exclusively on design and development without silicon wafer fabrication and
marufacturing, in the top 20 semiconductor companies worldwide.

s UL semiconductor companies work with leading research universitics in outting-
edge research, developing new technologies, and in training talent.

e The industry can draw on 8 Jarge educated, skilled, and expertenced workforee
within the United States. Even though some workers in lower wage countries can’
match 1.8, workers in technical skills and education, they lag behind U.S, workers
in exparience and management skilla ‘

s The US. semiconductor industry maintaings a historieal advantage in intellectual
property and dominates the horabive microprocessor market,

s Degpite past challenges fram Japanese and Korean competitors, the s
semiconduetor industry remains the teader in world mmka\: share.

.8, companies bave the leading share of global semicaadnemr revenues. Highly skilled
workers within the U8, semiconductor industry—including engiﬁeez‘s in manufacturing,
design, and R&Dremain mostly in the United States, In 2003, 70% of the U8,
serniconductor industry’s engineers worked in the United Stutes and "i% of the indusiry’s
lzbor compensation remained in the United States. The majority of the industry’s R&E}
design, and cutting-edge manufacturing revnaiy in the United States. 12

The U.S, sendeonductor industry is global in scope and seale. The industry has long
maintained sales and marketing operations around the world, semiconductor design conters in

proximity 1o gverseas customers, and soms R&D in the European Umton (EU), Jsvael, and- - -

other areas. The industry has also uifshored assembly, fosting, and wafer fabz"ca ion to
locations around the world.™

Cousntries with educated, skilled, and available engineering workforces have made
development of 2 domestic semiconductor industry an integral part of thelr growih
model. Fcrezgn nationals educated and trained abroad have become an important resource for
their countries — particularly in India and China - because they can provide the mentoring,
managemant, and on-the-job training workers in those countriss need 1o bécome high value-
added employess. Maay also manage foreign affiliates for U.S. mudtinationals.

»  Arvecent survey in dsie s Educational Edge (2001} indicates that about $7% of
Chinsss gradmieg of 1.8, universities plan to return home within 10 vears.

:2 Sericonductor Industry Association, Industry Facts & Pigures, 2004,
? Qemiconductor Industry Association, Indusiry Facts & Figures, 2004,



o Govermnment planning and incentives in China and Taiwan have resulted i large
investments In wafer fabrication plants. Bxcluding Japan, Asia is projected o
build 74% of the world’s new semiconductor manufacturing capacity compared {o
North Americs’s 8% in the next fow years.

s China i seen as having the critical msss of educated enginesrs, available capital,
and business incentives 1o foster 2 sirong domestie semivonductor industry; 3t is
the world’s fastest growing semiconductor customer, having invested more than
any other country in new semiconducior manufaciuring facilities and has
momentum 1o atirsct talent.

The U.S. semiconducter industry retains unigue strength and will remain 2 growth
spportunity globally.

s ThellS. %mic@néucmr'indus’zry operates in 2 dynamac economy, capital rearket,
and business friendly environment allowing entrepreneurs 1o bring new ideas and
companies to market quickly and explolt new stroctures and niches in the industry,
The United Stales has top-notch research universities and university-industry-
government lab interaction with the ability io invest in cutting-edge technologies
that can fransform ndustry processes and sultivate top talent. The United States
hag a large educated, skilled, and experienced workfovee. Even though workers in
some lower~wage countries can match U8, workers in technical skills and
sornetimes education, they lag behind U.S. workers in experience and management
skills. v : _

s The 118, semiconductor industry is very diverse, competing in every part of the

value chain, It hag & particularly creative dea;gn sector, with around 500 fabless
companies. ™

s The U8, semdeonductor indusiry maintaing an historical advantsge in intellectual

- property and dominates the lucrative nueroprocessor market. It has survived
previous competitive challenges from Japanese and Korean industries, and
prospered and regained leading world market share. Bven though many U8
companies are becoming fah-lite or fahless, it appears that the United States will
maintain a core of cutting-edge manufacturing and process R&D in some of jts
larger semiconductor ComMpanies.

Pharmacentiogls

The United States is widely recognized as the current global center for pharm,swunmi
research and innovation. This reflects a confluence of favorable circumstances in recem
years for industry innovation, as well as the resulf of deliberate U.S. pohcies and imtiatives.

f

¥ Semiconductor Industey Association, Industry Stwmtistacs, 2004,
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These factors include abundant support for pre-competitive research {(most notably
basic research at the National Institutes of Health); & continuing stream of ULS,
scientific achicvements; a sirong pool of world-class scicntific talent; stvong
business and capital market support for aggressive development and
commercialization of potential now therspeutic drugs; an atractive U8,
marketplace that is the world’s largest; and a transparent and science-baged
govermmen regulatory regime for approving the market entry of new
phanmaceuticals.

The pharmaceuticals industry Is considerably global in seape snd scale.

2

The top ten companies in the pharmaceuticals industry, of which five are
headguartered in the Undted States, account for about 46% of global sales. These
ten companies heve production chains for research, development, mamufactuning,
marketing, and world-wide sales.

The rest of the pharmsceuticals industry ia compossd of a large munber of
companies with varying product mixes, market geography, and production
activities. _

The pharmaceuticals industry’s largest and most suceessful companies pevcsive
the markets for their producte 1o exist beyond the shores on which they are
headgquarteved. The pharmacenticals industry’s smaller companies also sppesr
cognizant of global opportunities for product sales and sourcing of preduction
astivitics.

While it has been 2 particnlarly suceessful sector of the US, economy for some time, the
pharmaceunticals industry is 2 modest employer domestieally, The indusiry directly
employs about 294,000 workers in the United States,

The pharmacenticals industry’s overall smployment growth in the United States
has averaged abowut 2.5% annually over the last five vears. Aboul 27% of these
workers are engaged in scientific, professional, or fechuical aotivities.

These employment figures do not socount, however, for services provided by
contraet research organizations or for university and non-profit R&D organizations
working in collaboration with pharmacentical companies. These are important
ancillary components of the pharmacenticals innovation and production cycle, but
their numbers are not well documented statistically.

Daty carvently available on pharmacenticals lndustry jobs from goversment and
fodustry seurces do not enable a clear and comprehensive picture of the corrent
employment share of the United States relative to the global industry or of the relevany
employment growth trends.

Further consolidation of the industry globally, through mergers aud scquisitions, i
Hikely in the yvears abead. Factors underlying this expected trend inchude:



s The pharmaceuticals industry’s economic fundamentals, particularly the high cost
and rigk of research dod product development, will relentiessly push management
io search for reorganization opportunitiss, ssset configurations, and investment
portinlios with the promise of inproved efficiencies and economies of seale and,
scope. ‘

s Also, the increasingly global nature of the life sciences research enterprise will
provide muneroug opportunities for companies 1o incorporale creative new
slements into thety capabilities.

Pharmaceutical innovation will remain 2 growth opportunity globally for many years to
come. The basic science frontier is Hkely to continge to advance at a {ast pace (uilding on
the recent progress in genomics and related molecular biology fields). This will open many
new opportunities for pharmnacentical innovation.

With continued scientific strength and sufficient incentive for industry to take on and
invest in the difficult and expensive task of new pharmaceutical development, the Upited
States shonld retain itx role as world leader In pharmaceutical innovation. There are,
however, some challengss and issues that must be overcome:

¢  Capabilitics for strong science and technology in the life sciences arena (human
talent, resources, and infrastructure} are growing sbroad. Many other countries (in
Burope, Asia, and Latin America) indicate strong fisture aspirations in the
biasciences, biotechnology, and associated industries and markets. Some of this
interest reflects country desires to respond to domestie healtheare needs, some o
interest in eventually competing with unigue products in the global
pharmacenticals marketplace. Aggressive sffons are now underway in Europe,
some parts of Asia, and slsewhere to plan, invest in, and develop a globally
competitive life sciences industry.

¢ There are nurmercus scenarios regarding how these various {actors may play out
over the next 5-10 vears, In most cases, the ULS. part of the global phanmaceutical
indusiry should remain on a path of significant business and employment
growth—reflecting the comparative strength the ULS. industy clrrently enjoys
relative to other playsrs. '

Education and Training in Other Coungries

The United States has historically been ¢ leader in higher education and training, but
atheyr conntries are beginning {o provide comparabie guality and access o education.
For sxample, in 2001, 30.4% of the 24 vear-oids in Twwan had bachelor’s degrees, 76.8% in
South korsa, as compared o about 33.8% i the United States. ’



RBoth China and India, with their Iarge populations, kave realized dramatic increases in
the numbers of students entering secondary education, especiaily in selence and
engineering. These increases have allowed them fo compete for tasks historicslly the
purview of developed pations such as tasks in production, R&D, and services,

s While Ching and India have low overall exrollments as 2 percentage of their
populations, they are closing the gap with the United Stales in terms of absolute
number of degrees eamned. Some 2.9 and 4.2 college students per bundred people
in China and India, respectively, samed science and enginesring degrees in 2001,

s In 2000, China awarded 337,000 science and enginecering degrees compared to
398,622 for the United States, while estimates for science and engingering degrees
awarded in India range from 392,000 (1957} to sbout 630,000 {2001}, It should be
noted, however, thal according to the World Bank and the Federal Reserve’® just
18% of China’s populstion presently aged 25-65 has s hugh school degree,
comnpared with 84% in the United States, Just one 1 of 20 Chinese in that group -
has a college degree, comparsd with abmost 1 in 3 in the United States. China also
imports education from the rest of the world. For example, in 3002, about 182,000
Chinese students were studying sbroad.

Diespite the movement to improve secondary sducation systems in scienee snd
engineering to international stapdards, both Indiz and China face significant challenges.

»  Challenges in India include increasing enrollments coupled with stagnant state
expenditures; inadequate policy framework for private financing and philantivopy;
nuinbmal university research budgets; non-competitive faculty compensation
nackages; outdated facilities; and rigidly burcaucratic academie structures.

s The demand for IT professionals in India has spurred the growth of private traung
institutes providing short- and Jong-term fraining; however, the guality of
instruction ai these institlutions varies widely.

x  Challenges in China include massive expansion in enrollments coupled with
drastic reforms to transform 1o “world class” stendards; a science and technology
base that iz heavily dependent on the government’s abibity 1o atlract foreign direct
mvestment and cutside expertise; and obsolete and poorly funded govemment
research institutes. '

With the promise of improved ecopomic epvircaments in thely homs couniries, foreign
natiopals sducated and emploved in the Upited States are now attracted to refurning to
their bome countries instead of remaining in the Unfied States.

s (hina is making great efforts to bring back U.S-educated Chinese scientists and
engineers to work ox or sianl new businesses, and 1.5, stay rates for Chinese
graduates are beginning to decline, While NSF data indicated alinost 5% of US.
science and epgineering doctoral degree recipients from China reported that they

" World Development Indicators, World Rank; and “China’s Economic Growth,” Federal Reserve Bank of
Dallas, June 14, 2005,
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had plans to remain in the United States (1985-2004), a different survey in dsia s
Educational Edge (2001) reported that 21% had plans to go home within § years,
36% had plans to go home within 5-10 years, and 23% had plans 1o go home after
10 vears, .
The Taiwanese government has estimated that Tatwan will need an additional
10,000 engineers if the country is 1o realize s goal of beooming a larger center for
the design and engineering of sophisticated produets like semiconduciors. The
govermment is offering incentives such as tax breaks and direct subsidies o recruit
mulinational comparses to set up R&D operations in Taiwan.

The Philippines has a relatively small base of IT workers, and its government is
stiempting to create 2 local base of IT work by stimulating the developroent of
domestic IT companiss.

The Irish governmment is aleo taking steps to enswre a steady supply of IT weorkers.
Ireland is a key IT offshoring destinstion and is the largest exporter of software in
the world outside of the United States. Government plans melude support forin-
company training, inter-disciplinary leaming at universities, recruitment of woamen

- and disadvantaged groups, and favorable immigration policies to ativact forsign

students.



