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Frecufive Supmmary

The Counsolidated Appropriations Act of 2004 (F.L. 108-199) tasked the Department
of Commerce’s Technology Admnistration to examine the impact and "v‘;zpiicatioxis 0.{"
vorkforce globalization in knowledge based industries. Three industries, representative of the
Umited States innovative and competitive strengths, were selected for a.n.aiysw: the
information technology (1) services md mﬁx\’arc industry, the semiconductor indusiry. and
the pharmacs cutical industry. This s > examines related business strategios and
proctices of ULS. corpanies within Li;;. industries, as well as the education and training
approaches of select nations 1o developing seientific and techmeal workers, The key
of this sindy are:

«  Despite the challenges and s associnted with relving on foreign workforees, §
firms have and will e:m;mm&. yhalize in doday’s competitive global markeiplace.

UL companies operate worldwid & 10 bc« tose to mc-z global custorners, both *’ad&”d}):dv&fi”

Y

and culturally, and to meet the zound-mﬁ-wcioci\' evpa,a,u,‘sm\ tor customer service delivery.
Tl

Fhese companies are responding to their customers” demands that suppliers improve quality
and efficiency, lower msis, offer morgiproducts and services, and reduce time to market.

= U.8, businesses use workforees in other countries for a variety of reasons: cost
savings, market expansion, increased focus on core competencies, and service of
customers in othey pations. Access (o labor pools in other countries allows U8, companies
{0 scale their workforces in response 1o constantly changing business requirements.

« 1.8, companies tap labor pools in other countries for specific segments of their
operations, vather than the entire value chain of work, and appear to have maintained
most higher-value work close to their bome base.

s LLS. firms are dividing ‘imsgmsx‘ g}mew\aw inte smaller discrefe elements — vather
than the mdsaﬁmm it divigions of dmgw. and marketing Mikw ?Zl

H 3
withi

resuit of

+

design or customization of a standard h appiication; in w oz‘a CLJ&L g, :
teams around the world; or through arrangeroenis where companies xmrh with a.ii;im’sies i

other locations.

dispersed centers; in

s The ahility of developing cconomies to acquire sophisticated techpology and to
rapidly develop business and felecommunications infrastructure to support modern
sommerce allows the countries to attract foreign business investment and theiy ﬁ(}mestm
companies {6 compete with both U.S, and multinational businesses.
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«  Althowgh, both Indiz and Ching are attempting to develop national science and
technology educatingn systems that meet international standards, they {ace large
h

ebsiacles in creating such systems. Jy‘?&ss post-secondary enrollments i both countries

reflect a movernent from education of the elite {0 greater universal access.

+  Limiis in available data make it difficult {o guantily the effccts of workforee
globalization on an industry, worker displacement, national prmﬁmﬁiviivv and economie
growth. The Coromerce Department’s ”‘u\ au of Economic Analysis and the Department of
Labor’s Buread of Labor Statistics are s

i
trends.

create better

measures 1o understand these

%

i the global competitinn for I'F services aud s
e;;sga‘sm% ties and strengthy that make ¥t a c;ti'se‘ma
characteristics. Other nations have different capabil & e
attractive for work with different characteristics. UL8, 1T servic ;smd wﬁ’twn\, firms move
work to where they believe 1 will be done most effectively md cost-etficiently.
U8, businesses tend 1o retain 1T services and s:@?.‘twm'e work with the following
characteristics in the United St ategy w ork with uncertainty in customer needs, projects
sequiring highly tterative devel Gpnﬂcni processes, and high levels of personal interaction
with end-users; inter-disciplinary and complex application development work; work
requiring high cultural uqdmsiand; g of the United States; work involving leading-edge
research and pon-rule-based decision-raaking; tasks requiring high levels of creativity,
mnovation, and management; ;‘q‘-"wc 35 d rsign ard business analysis; technology and
systems integration; and fusion of industry knowledge, high-level IT skills, and business
process expertise.
U.S. businesses are more likely to offshore 1T services and software work with the
following characteristics: work characterized by high wage differential with similar
oceupation/level in destination countty, high labor intensity, clearly defined requirements
mi“ few nmma\ r"pf“ruui ks, rule-based aavmon m&kmg and problem nhz'w

\
)
8

“,w

otz involving standar d hardware ang

While industry groups have estimated that effshering currently represents a small

fraction {fess than 3 percent) of United States IT services and software spending, the

ifrrecmts are for continued growth, However, the lack of detailed domestic and
niernational data on workforce, indusiry, and trade prevents a strong quantitalive assessment

03‘ the full extent of offshoring of IT services and sofbware work, or an assessment oi
longitudinal trends.
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The landscape for workfovce glohalization tn 1T services and software is complex, with
different countries offering different skill sets and capabilities, varying wage rates
velative to those in the United Statey, differcnt levels of culfural compatibility with the
United States, different industry structures, and different levels of sophistication in
husiness and preject management. For example:

— India, the leading offshore destination for U.S. IT services and sofiware work, has a large
and growing number of iki‘i@d 1T workers with good English-speaking skills, many with
engineering or {1 if:m es whaos es reymain very low relative to VLS TT worker wages.

¢ indigerions Indian 1T services and software industry s dominated by a handful of
large cwm-,u-._a'es w**i\ wmnual revent ues of approximately 3500 miltion o §1

1S .3§>p ;mim,zs J(.

tbillion, The
clopment and maintenance -
r for large mfernational

sh cultaral comp

wer than those in i"";d those m th

services and softwa BE HEN,
fE cugh large 1T z‘m:‘iimavomii hiy ) d initiaily
focused on IT services work, it has shufted s focus to <«o§ WATE pn inw {m md
mmarkets, Private wvestment in {1 -related research and development (RE&ED) in freland in
2002 totaled approximately $113.5 million. In addition, frish academic institations
conducied an average of ms milipn per vear in IT-related research, some of it leading
gdge. ;

- The Russian 1T workforce 1s smaller than both India and Ireland’s ' workforce; however,
it s more highly skilled than both, and is capable of working on the most complex IT
projects. While the Russian {T workforce performs a substantial amount of applications
de vt.:i\pm\aﬂ and maintenance, its portfolio of skills runs the fudl spectrum of T
capability, including software product development. Wages are comparable {0 those in
India; however, English language capability 18 poor.

In addition to its complexity, the workforce globalization landscape in 1T services and
seftware is rapidly changing. For example:
~  Large indigenous Endimi {1 services and soft

ferms of revemies and eny si'

WETE O

g @pi{fﬁ}f - both in
- 1 .
§ }

[RR N

£
1%
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. :

ement moeded \..‘-;it.i"s more work now perfe ,
to enter rj,b IT consulting business through Lqu‘snmm and z%w creation of new divisions,
Recently, Ireland’s IT services and software industry shifted ifs focus from services o

software pmdmts Exussa.m companies appear o be ready to expand their physical
presence in the Uniied States by establishing offices staffed with technical personnel.

—  Venture capztahsts are now encouraging U8, IT start-ups to use lo ws:r cost offshore
destinations for software development to reduce the “cash-burn rate.

pr( rounent of Commerce
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—  There s ﬁm*\f«zir}g pressure wsz o America — [rem customers, consuliants, and
financial markets - 'ﬁimu,m T work, as well as growing external and political pressure
to stem the dow of Amenican jobs going overseas,

The effect of offshoring on the competitiveness of the United States T services and
software sector curvently appears o Be negligible. Wihile some foreign firms, especially
tndian companies, have expenienced rapid growth, they represent ondy a small fraction of the
.8, market for H’ services and software, Inaddition, U.S T and IT consulting companies
are establishing their own operations in uii*zer nations to directly tap foreign labor and to
controf thetr vatue chain. In the long run, US| compantes may face new competitive threats

as other nations develop their capabilines.

Offshoring has affected United States IT services and software employment; however, a
variety of U}}iii idental factors smgnd qugﬁmmm 2 asmwsxmfcm of the extent of the
decade of rapic ; ;

g 5;\4)\13{ OIS, 4t

zs and software industry eraployment

— Industry emplovment: From 1994 10 2001, 1T servic
grew at a compo und annual growth rate «:,si; 119 percent to nearly 2.1 milhon. while from
2001 10 2003, it declined by 306,800 - a decrease of 7.7 percent, ’
f‘rﬁi‘e%qonm [T occupational employment: From its peak in 2000, professional T
occupational employment fell by abowt § percent, or 135,000, through 2802, following a
decade of sustained rapid growth, The impact has not been uniformy; some T occupational
specialties have been hut harder, while others have continued to grow. 1T occupational
unemployment rates are al 8 hs orie hugh, far above the unemployment rates reached
during the recessionary highs of the early 1994°s. Bureau of Labor Statisties projections
for 2002-20172 %i v strong professional i1 occupational growih, but only half the number

of new jobs projecied {wo years ago.

United States I'T services and software companies beleve that they can realize many
benefits from offshoring.
- ii,v ;mm river tor U sery

compared (o ¢
(Other advantages include: the ability to qu iy mﬁnr acompany’s [T workforce wy size
abling a greater imu; o1 ¢ore competencies,
providing round-the-clock customer service, increasing the speed of product developmen
capitalizing on foreign nation incentives, and improving the ability to serve local markets.
fn addition, lower costs could increase the amount of innovation, both through direct
savings and by enabling more projects to achieve a reguisite return-on-investment hurdie

and skills to meet business requireroents, enc

rate.

o




However, there ave a2 pumber of risks associated with I'T services and software
offshoring, They include: vendor/contracior management chalienges, cultural and
COMMURICAion bfx:r;\z\ data security and confidentiality, impact on current employees
morale and future veoruttment, difficulty in effective kno ,;‘Emg trausfer, (ine zone

differences, inadeguate ielecommunications and other infrastructure, unexpected costs, risk to
intellectual property, exposure/ioss of core business knowledge, lack of offshoring
management Q«:Eic) geopolitical instability of deﬁ:u ation nation, political backlash and
negative publicity, foreign government impediments,

and different work schedules.

Semmiconduciors

ted States semiconductor industry refains competitive strength and can generate

334 \mﬁfe challer it faces from emersi

i States operates

frdusty Y has a pariicu
e only * “fabless T company, which focy
without silicon wafer fabrication and manut idumw,, §
companies worldwide,

~ 118, semiconducior compandes work with leading research universilies wm cutting-edge
research, dmc}upzr 2 new technolggies, and training talent.

~  The industry can draw on a large educated, skilled, and expertenced weorkforce within the
United ‘Stat 25, BEven though some workers in lower wage countries can match US.

workers in technical skills and education, they lag bebind ULS. workers i experience and
management skails.

—~  The U8, semiconductor industry maintains a historical sdvantage in intellectual property
and dominates the lucrative microprocessor market.
Despiie past challenges from Japanese and Korean competitors, U.S. mdustry remains the

teader in world market share in the sector,

Although mest U.S. companies are deciding not to invest in new manufacturing facilities,
it appears that the United States will maintain a core of cutting-edge manufacturing within
its fargest companies.

RS

gt

vorkers within m@: UL, ges a}mmzﬁumnz mzﬁmim ~ invluding engineers in manufaciaviag,
design, and R&D — remain mostly in the United States, Sev enty purcs‘:m of the ULS.
semiconductor industry’s enginesers and seventy five percent of 1ts labor compensation were
paid in the United States, The majority of the indusiry' s R&D, design, and cutting-edge
manufacturing remain in the United States.

The U.5. semiconductor industry has an established history of sulssurcing and
offshoring. Fifty percent of the industry’s employees and 30 percent of s engincers were in
offshore locations in 2002, The indusiry has long maintained sales and marketing operations

Department of Commerce
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around the wor
R&D in the };ufop an Uni
assembly, testing, and water {abr

and SGine

OXUNIY [0 OVerseas customers,
wher areas. The indust v has algo of

&

3 m‘a'ci the world,

1 .
hored

Offshoring and optseurcing of workers within the Tinited Siates semiconductoy industry
has accelerated due fo the specialization of the industry, decreased rate of capital
mvestments ip pew UK, wafer manufaciaviag facilities; and the growth in the eduented,
skifled and available engineering workforces of i{wvmumwe coeuniries, The structure of
the industry has changed from one dominated by inte
which firms speciali

rated electronics companies 1o one in
zi in different parts of the value chain Ré\ D, design, wafer fabrication,
testing, assembly, or sales and mor kfstmg.

The present cutsourcing and sffshoring trends will increase the wm;méiﬁivmess of the
VLA, semieonductor ndustry 1o the short term,. Offshormg ztna-:m*é‘a\_"

ty m&: rehieves

e

Phe main drivers of outsonrcing in semiconductor manpufacturing are te reduce capital
infrastructure lnvestments and to provide flexibility s ;zzsmm.imn capacily in a highly
cyelical industry. For «sxzamp:‘ a new state-of-the-art waler fabrication faciity costs $2-3
billion. Given these costs, 115, companies are deciding fo outsource waler fabrication o
foundries — most of which are m X\,a — buiit with {oreign government incentives. Use of
foundries is expected to grow from 18 percent 1 2007 to 34 percent by 2010, Outsourcing
production is alse a way to manage the eyelical nature of revenues and employment within the
sernteenductor ndustry.

The primary driver of offshering in semiconductor design s to reduce labor costs and
siserten the time to market. Fored enginecring costs for design are ten times that of fixed
nanufacturing engingering costs. The availability of skilled engineers in lower-wage

comﬁnc& and automation of design through the development of tools, standardization of
inputs, and division of work into discrete modules bas enabled offshoring of design to other
countries. Awiomation increases the productivity of the design process, while using skilled
engineers in low-cost countries iﬁ.\ihb&,\ iabor cost. For example, the cost of emploving a
ion enginesr in freland, Taiwan, China or India has been estimated o be 75 1o 90 percent

of that 1 the Untted States,

Some conpiries wil pave
development 0% p.m{ of thelr growth
model, The number o{ ENgINeEr L,n“wioyud offsl hore §w s, ﬁ:mmco;;dmim COMpanies rose
by more than %i} ma between A)U and 2603, while engineers ¢ nniﬁyed i the United States
dropped by 4,000 during the same period, according to estimates by the Semiconductor
industry Association.
Foreign nationals educated and trained abroad have become an important resource for
their courtries — particularly in India and China - 1
-4

$REE WY
JELRS
=

because they can provide the mentoring,
managenient, and on-the-job training workers in those countries need 1 become high

wiment of Commerce &
Em‘} wlogy Administration, Office of Techuology Polivy July 2004
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vahue-added emplovees. A survey shows that 57 ;,“rceni of Chinese graduates of ULS,
URiversities | idn to return home within 10 years, at which point they would have ,\
citizenship.

Many manage foreign affiliates for U8, multinatiopals, LS. fivms employed 4.000.5,000
workers i fndia (4.4 percent of ULS poneproduction emplovees), where salaries are 80
percent less than those in the United States.

~  Government planimn g md incentives in China and Tarwan have resulted in large
investments in walfer fabrication plants, Excluding Japan, Asia is projected to buaild 74

percent of the work i s new sentcondactor manufacturing capacity compared 1o North

America’s § percent.
usts predict that the 118 share of worldwide semicondy

entry. Chi

CIor revenues ¢

~  Some econ

is seen as having the crttical mass of

he §1 =-*‘-'hc*' reduced with Ching’s « :
educated enginecers. available capiial, and business wnweentives to foster a strong domestic

growing semiconducto

xﬂ'z’i,-‘.m;dt: ctor industry:

s et v R Y A S
ted more than any other ¢ U’u‘i?Z} in new semiconducior manuts

has momentum (o afiract

Present sutsourcing and ofshoring trends have the potential {0 affect the U
semiconductor manufactaring workforee,

UL manutacturing jobs for sermconducio
deciine if present investment trends continue, With fewer COMPANIes iwvesing in new

W oper ators, technd \ui!“ R and e 1,_1&11 QTS Mgy

wafer manufacturing in the United States, provess R&D co-located w 3 eadimg edge
facilities may also decline, zcsu&.mg i fewer high-skill jobs for U8, im
~  Offshoring of design work can alsg'impose downward pressure on b‘x. wages and reduce
the demand for US. design engineers. As the number of overseas design cenlers

l.

increases, it may draw foreign talent from the United States.

Pharmacenticals

The United States s widely recopnized as the current global center for pharmaceutical
vesearch and innovation. This reflects a constellation of favorable circumstances in recent
vears for innovation and some the result of deliberate UL, policies and initiatives.

E }}k (>\. i,z_uw

st for pre- mn“"rs hm & research {most not

ors melude:

fiiie taient, s

m mE\ 1 SUppo it essive development and commercialization of poteniial pew

therapeutic drugs, an i t active U8 marketplace that is the world’s largest, and a well-
estabhished government regi‘i%ai’.{}r} regime for approving the market eniry of new

I

pharmaceuticals.

The pharmaceuticals industry is considerably global in seope and scale.
~  The indusiry’s top ten companies account for about 46 percent of global sales. Five of
these companies are headquartered in the United States. All of the top ten indicate

Drepartment of Corarnerce

Administration, Otfice of Technelogy Poliey July 2004
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research, developruent, manofacturing, marketing, and sales widely

arcund the

The rest of the industry s composed of a large number of companies with varving product
mixes, market g"ﬂ‘)‘fdp'}” and production activities.
—  The industry’s |

argest and most successiul companies perceive the markeds for thewr
products to exibi beyond the shores on which they are b wdqmmre'i The mdustry’s
amaller companies also appear cognizant of global opportunities for product sales and
sourcing of production activit

While it has been a particularly success{ol sector of the ULS. economy for some time, the
g}%}xsm ac eutscai% industry is a modest emplover domestically. The industry dive
mploys about 2 —% 00 workers in the United States.

AN
CLiY
J

~

-~ The mdustry’s ove miﬁ unpi ovment growth in the ULS. has averaged about 2.5 percent
About 27 percent of these workers are engaged @

ears.
| ;ivia‘.ics.

horation with pharmac uz‘n. iy u-npc nes. ’incz;c: are unporiant anc ;Las»
rpacouiicals imnovation .f.‘zd production ovele, but their numbers are not well

(h'}cuz’n nted siafistically

Public data, currently avatlable on pharmsceutical industry jobs from government and
industyry spurces, do not enable a concise piciure of the United States current
emmployment share relative to the glebal industry or of the relevant employment growth
tremads.

Further consolidation of the indastry glebally, threugh wevgers and acquisitions, is

fikely in the years ahead. Factors underlying this expected trend include:

~  The indastry’s economic fundamentals, particularly the high cost and risk of research and
product development, will relentlessly push management to search for re@roanimﬁ@n
opportunities, asset configurations, and investment portfolios with the promise of
improved efficiencies and economies of scale and scope,

~  Also, the increasingly global nature of the life sciences research ﬁm'erpris f'i,éi m‘cwide
numerous opportunities {or companies o necorporate creative new elements into thei
capabilities.

come. : s fikely o confinue to advance at a fast pace (b
the recent progress womics and re &{Ld molecular biology fields). This mi? open many
new opporiuniies 1‘01‘ pharmaceuntical innovation.

he hasic ¢
1 Dasic

With continued scientific strength and sufficient incentive for industry o take on and
invest in the difficult and expensive task of new pharmaceutical development, the Usited
States should retain its role as world leader in ;}harmaceuiimﬁ innovation. There are,
hewever, some challenges and 1ssues now arising that must be overcone:

arfme fofCon-mS":e &
e N
E3T8

ry Administration, ({iice of Technolpgy Policy Jaly 2004
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~  Capabilities for strong science and technology 1o the life sciences arena (human taler *,,

resources, and infrastructure) are growing abroad. Many zist,i';_s;fi' countries s\@ burope. Az
and L %in Armerica) indicate strong future as g‘mm ons in the bosciences, biotechnology,
and associated indusivies and markets. Some of this reflects country desires 1o respond (o

domestic hez)iihca} c peeds, some o interest in eventaally competing with unique products
in the global pharmaceuticals marketplace. Aggressive etforts are now underway in
Furope, some parts of Asia, and elsewhere to plan, invest i, and develop a globally
competitive hife sciences mdusiry.
- MNational policy debate i
effectiveness, and to the

n the Untted States related {o healtheare cost containment and cost

soundaries of acceptable life scionces research, hwa the potential
to influence -E\D s&‘\ and return mpcc’: 10NS g‘;imzmacct}:ticai companies will have i

Fducation aund Training in Other Couniries

The United States has historically been a leader in higher education and training, but
sther countries are beginning to provide comparable access to and quality of education.
For example, in 2001, 30.4 percent of the 24 year-uld population in Tatwan had bachelor’s
degrees, 20.8 percent in South Korea, as compared to about 33.8 percert in the United States.

Both Ching and india, with thelr large populations, have realized dramatic increases in
the numbers of students entering secondary education, espeeially in scicnee and
engincering. These increases have allowed them to compete for tasks historically the
purview of developed manem such as tasks in production, R&D, and services.

-~ While China and md have low uwmi; nrollments as a percentage of their populations,

for the Um.x—:d btaies,
30,000 (2001

Despite the mevement to improve secondary education systems in science and
¢ngineering to international standards, both India and China need to surmount several
challenges.

Department of Cormmerce
Technology Administration,

Office of Techunology Policy Jaly 2004
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—  {hallenges in India include: mer )’mro enroliments ang
inadequate policy framework for ¢
; y budgets, non-w

want state expendiiures,

financing an:;’s phiianthropy, mimimal university

mpet:

(S

p s

r¢h ully compensation 1 , outdated facilities, and
rigidly bureaucratic academic siructures,

The demand for IT professionals in India has spurred the growth of private training
institites providing short- and long-term training; however, the quality Of' instruction at
h&\.. institutions vanc& widely.

of challenges i {ﬁihina arel massive expansion in enrolivients coupled with
> reforms 1o transform to “world dam" standards, a science and technology base that
is heavily dependent on the government’ stinent and

ies

s ability to attract foreign direct imve
outside expertise, and obsolete and poorly funded

srnmnent research insit

With the promise of improved economic snvirenments in their home countries, foreign
pationals educated and employed in the

home insfead of remaining here.

inited States are now attracted fo returning

docioral degre

in the Umk:% States (1985200, o kslii(’}\,- i survey {2

YOIIain

pereent had

plans 1o go home within 3 years, 36 percent had plans to Oo hur e \w}zm 10 years, and
23 percent had plans to go home afer 10 years
~ The Tarwanese govermment has estimated

engineers it the country 15 1o reali

its goal oi buom,nv a targer center for the ¢

engineering of sophisticated products like semiconductors.
offering incentives such as tax breaks and direct sub:::;m-’:
companies 1o set up R&D operations in Taiwan.

—~  The Philippines has a relatively small base ot {T workers, and 113 government 13

attempting to create a local hase of IT work by stimulating the development of domestic

1 companies.

'/4

ed that Tarwan will need an additional 10,040
design and

The government s &
s 1o recruit nmitingtion ‘s

The irish government is also taking steps to ensure a steady supply of [T workers. Ireland
is a key [T offshoring destination and is the largest exporter of soltware 1n the world

ouiside of the United %aa‘im Government plans include support for in-company Uaining

znter»a;s‘r*‘-tv%znen‘r learni ng at w iversities, recruitment (t% women and (,130’*\am¢gf‘u

groups, and favorable immigration polic

1o attract o sign students.
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Supunary of Findinps

"E hiis study responds to legislative language in the Consolidated App mp*zmmns Actof
108-199) that required }:‘m, Technology Administration to wndu 'L an Tassessent

2004 { i
ofﬁ xtent and implications of workforee uioimiu Hion i ‘vm wie d ,e«i‘aee ;z‘-dus;i.nes such

as hife sciences, mformation teg uohy

wy oy
1 }‘t el
a2 A

language also divected that the assessme m ‘focus ©
practices, as well as the education an ii raining pre

and India”

uai- as .f@ pan, China,

This study will hel
sviews affer ;mu th

TEOAY i,}’}\{’?
&

3

& q, an <‘>u’-;-su:u‘e;is:'k;>; and o

S

£3
¥

tegies and prag {V‘M\ gt U1K

The analysis examines the effect of workforce globalization in key U.S. industiries,
especially those industries that coptribute 1o a high muomi standard of living. Industnes
included in this study are information technology (IT) services and software, semiconductors,
and pharmaceuticals. It focuses on twg aspects of ‘ih(—:st industries: the extent and
implications of workfurce globalization, and related ULS. business strategies and practices.
The review afso includes an assessment of secondary education and training programs in
China and India, with brief overviews of the scientific and technical workforces in Ching,
India, Russia, Tatwan, the Philippines, and {refand.

Background

This study examines workforce globalization in three key LS, industries and relat
business strategies of {‘« wnd foreipgn companies within these industries. It explore

¢l m" enges i“id opporfusitizs U.5. comparies face i serving a mai market

: '}"<

ve focations. a S

b examines chall

st i\ focuses on the forees driv mz.\ worker mui’mh ation and the related business strategies

and practices of 1.8, companies as they relate io their global expansion.

Industries and businesses have been al the forefront of econamic glebalization,
through cross-border trade of goods and services. The rise in the dmf-‘*im*mem m‘ the Giobai
marketpiace has been fucled partly by Lcdudwms in communications costs, large-scale
deployments of information technology infrastructure, and the development o f business

Bepartment of Commaerce i
Technoloey Administeation, Gifice of Technology Folivy Fabe 2004
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allowing businesses o tap into sources of capital, iabor,

For businesses today, dz;: global™ 1s a strategic opportunity
now sources of v

10 dCCfsSs nowW nrke

revenue, and pew technol ,.bi;s, Increased earnings trorn global expansions
can be atlocated towards new p; oduct developroent or upgrades of manufacturing or resear
infrastructure, or passed on to the consumer or o the company shareholders. Successful and
productive U8, compantes operate worldwide to be close to their global customers, both
geographically and culturally, and to meet the round-the~clock expectations for customer
service delivery. These companies are responding to their customers” demands that suppliers
improve quality and efficiency, lower costs, offer more products and services, and reduce

time 1o mark

i OY ©

3 HOUHLE

x s e8pes ';‘;iy i me §f§ sectur, :
only c“a\,uhi s,J zh;\ concern. The Bureau a;‘s,i i abor u-“mtwsi 15 estinated that ondy "*fmm
1.9 percent of worker separations in the first quarter of 2004 1n the United States were due to
offshoring.

H

Waorkforce globalization into the United States — insourcing - also oceurs. Production,
research and development, and business services are some of the Key activities insoweed into
the United States. Some see insourcing as a vital part of the globalization of indusiries and
the workforce in the United States as contrasting with uiis:,umng. in 200.5, several million
LS. workers were employed by U.S. subsidiaries of foreign companies and approximately
about 34 percent of these jobs were in the manufacturing sector. These subsidiaries also x; ent
almost $30 billion in R&D activities in the United States. Given the dynamicism of these
phenomena, quantifying the extent of workforce globalization must be on-going.

Whai is a Knowledge-Bused Technology Indussey?

Ko . i ol
creating value-added from new ideas and concepts, as dishinet imm material
derpanding physical tabor, For example, the products of the software industry are among the

mest conceptual and intangible of all new products. Today, k‘:‘iﬂwi’*"dg{t"bﬁ‘i&'éﬁ companies
EBEAZE in areas from software df:\"&)i()pn’mni, pharmaceuticals, financial services, engineering
services, Motechnology, and semiconductors, among others.

We are in a period where rapid innovation is yielding dramatic fﬂi'zauges inn the way
SErVICES are pmd uced, and in the ways that they are delivered to users. 1tis well

y, Office of Techno
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known that over the past half~century, the increase in the value of raw materials has accounted

for only a fraction of the overali grow

of 1.8 gross domestic product. The rest of that
growih reflects the embodiment of ideas in products and services that consumers value, often
‘»icwmtf'( by new insights into how {o rearvange physical materials to better serve human
needs. This shift in emphasis from physical materials to ideas as the core of value creation
has accelerated in recent decades and i3 at the core of a ix;s'igx'\fae:iv ~based mdustry.

"i‘i:' shift is also reflected by what workers do on the job, with a growing proporiion
of the 118 workforce creating value through intellectual endeavors, rather than pmdummaig.iy
through manual fabor. In 1900, only one owt of every ten workers was i a professional,

technical, or moanagerial occupati
1970, the pro ,r\ tion had doubled
of our workft Due 1o the growing
OREITIC g;fmvi'i‘;., knowledgs

1 (300 z;;,“iwm st associated with k oW it‘dﬂe WOT

formation to ¢ :
utical and medical manufact u 1y ind n 2 1ogt

pacd

AL, Al d transiorm in

mﬁua ﬁw}z meicdb« in the pharma
hatf of workers perform these types of jobs. The computer systems design ani e tu_. 5ETVICE

indusiry 1s even more knowledge-intensive, with more than M} pcreent of wm}“rs perimfmmg
this type of work.

N

Today, knowledge-based industries are at the {orefront of global business expansion.
They operate in a highly competitive environmend characterized by rapid change and

io‘ssah,a thetr p;odumnn bases to capture advantages inherent in transnational operations;
hes e advantages include economies of scale, new markets, and access to innovation, among
othe . They tend o have flexibility in their operations and a changing mix of produocts to

ady ix incorporate new technologies and customer reguirements. Innovation and speed of

'rsspep se to changing market conditions are critical success {actors for them. and they are
heavily dependent on the accumdated expertise of & workforee consisting of educated and
skilled workers.

For decades, globalization has taken place in several ways: i the manufacturing
supply chain, in the movement of goods acress borders through internatiopal trade, in the
movement of capital, and in the flow of ieg}moiogv and intettectual property. Through these
shifts and exchanges, the U.S. standard of living has continued to rise aided by inc re:;,sud
productivity coming from tecinological advances.

rimnent of Comunercs i
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in recent }fear’\;, a \*arim faev iors have increased the
people and work o mo :
- trade liberalizay
— investment

ving
- across national borde

yal corrunerce |

1 production and research 'L‘:a.p;}mu‘-“ in other nations,

kitled labor,
~  the growth of modern information infrastructure and the Interuet, and
a redesign of work and business processes.

— availability of surplus, low-cosi, techueally s

Workforce globalization ocours in a vanet

uf ways. From a ULS perspective, work

can flow to foreign workers by mh >r bringing these workers to the Unut
work done in other nattons by non-U.S. workers, Cmv;
needed by other nations by p
the United States.

States or by having
v, Americans can perform work
‘smi” relocat }g 1o those nations of by conducting the work i

aely

Tvmiom e 50 §vn w ek
Hose SDS I WOk,

focus thewr ma
exarme thet
as gecounting, luman resources management, call conters, or mnf
operations - while preserving the coropany’s competitive s tmnﬂtm ani Maxuvzing i nancial

gaig,

\;}’J,E)it;ﬁ.z. G CYRSQUTCES o the
i

¢ business processes for work that can be pcrmrmv’i outside

«  Oisho mg: refers to the outsourcing of a whole process, a piece of a process, a function, or
a discrete piece of work outside the boundaries of the United States. The work can be done in
an offshore location either within the boundaries of the company or outside the boundaries of

the company

¢ In __g;g_@g, is used to deseribe work offshored by other nations to the United States.

Ghjectives and Methodalogy

Mz& :\:f;ud explores the maii 3gEs faced and opportunities realized in the sample
) bma\ er look 2 ‘/i(mc globalization than the z'ecea}i‘s

Research for the study was condusted over a period of five wonths. The study
findings reflect analysis using existing sources of information including: industry sector

surveys, annual reports, and Securities and Lxcimn% Commission 13-K and 20-F filings:
governynent data on employment, direct investment, and trade; and published articles and
reports.  Additional qualitative information on U.S. firms” workforce-related practices and
strategies was collected through discussions with corapanies, workshops with acadernic and
mdustry experts, and attendance at industry conferences.

9]
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One key chall lenge of this study was the ablity to quanify the extent of workforce
g‘mbaiizmiw nowithin each indusiry sector. [t was not possible to determine accurately how
i ¢ moving trom one country o another, based op currently coifected

many workers or jobs
eny ﬁo‘«mu,,\ Ludu. and ~n\iu nw sector data. I was a ible to determine whether

the shift of U.S. work to non-U. 5. locations vesulied i a one-for-one job loss for ULS. workers
or whether }‘.?’zr; shift of work o aést‘, native destinations was rep iaf\,ed by new worlk in the

spureing couniry. n beoth these scenarios i s also difficult 1o determine whether these
movements resulied i net positive growth within the econorny. The Bureau of Economic
Anatysis {BEAY and the Rurean of Labor Statstics (BLS) are both involved in efforis to betier
publicize the avalabilily of e\'aﬁt:n;‘z data each agency has related to offshoring — especially

data on interpational trade in services, muoltinational companies, layoelfs, and US,

un;m y ment *%Ew ar nd BLS are alse working collaboratively 1o expand and improve the

&

Kunowledge-Based Tadustry
i7 Services and Software

N

Throughout the last half i,i 1}- 20th century, information technology (JT) played a
pivotal role in transforming the United States and world economy through both its
contributions as an industry ai 'zd its effect on productivity and nnovation in virtually all
indusfrie% fnformation technology has been a major source of U5, wealth creation and has

contributed substantially to growth 1 enmploymend, GDP, and labor productivity,

software industry currmm ac mmi\ for about 3 pereent of U5 (;DP‘. in 2002, total
employment in the 1T services and software industry stood at a;mroximateijx 1.8 mullion, with
more than half {approxima 'E 938,000) emploved wn professional 1T ocoupations.

Despite the slower rate of growth in the past three years, the US| 1T services and
i

S RN SR S U" VI
i maor mdasinies and ther COMDoY

- internet service providers and web search portals: and
data processing, hosting, and velated Cf'\/i(;‘fﬁ?n
This report does not address the impact of offshoring of information technology
enabled services (ITES), such as accounting, call centers, trauscription services, ete. Nor does
this study assess the {ul] scope of the impact of offshoring on all the professional IT

pcoupations.

~ I
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® f‘f‘x i1

~...<
el

zm(‘ifui of factors were primary enablers for expanded globalization of work in the

1d sofiware secion

¥

iheralizatbon
ted dramaticalh
has been fostered

merce: Duning the past two decades, global wade has
scope, and the nun of partic }‘p&iﬂ“’i wions. Irade
_ openi'z}s{ idtiatives such as the World Trade Grganization,
regional agreements {such as NAFTA and the European Undony, and bi_iult»raii Agreements,
as well as by changes to ;.ia;-:}’zesi';c laws regulating trade. Participation i global conunerce
has often reguired countries {o change laws affecting domestic mdrku access, tar ifis,
company ownership {including privatization of state-owned enterprises)
research and de vciopmmi\, debt fevels

s

s, and a host of other factors. 1 E«; ci‘;a es i
scores of nations affecting scores of industries have rippled tﬂ-muo}‘ i‘hﬁ. g;{ﬂhai £CONomY,
creating new market dypamics resulting i the global movement of

‘d knowiedge wm‘k

business

PYed gUi‘w. 103 8

{L* 'iizmi age has §1&zs zh
,-./.opmnm ami d c*y'm« vient x-é a.‘-:‘fmﬂzizbie, h:nab,-.:;:,
communications capabiitlies ,
Availability of surplus, onr’wc{ssiﬁ chnically skilled labor: While many developing
countries have large pools of untapped {abor, coundries that have been especially
successfud in atiracting knowledge work — in particular India, Ireland, Russia and some
gountries in Bastern Burope — have had a surplus of well-educated, technically trained
workers. In addition, hvxc workers have lower wages than those performing comparable
work in the United States, though the wage differentials among the destination nations
vary substantially. Atthe same time, IT workers in destination nations are well-paid and
gencrally enjoy high sta zdcn ds of living by their national standards.

- Digitization of workflows: The convergence of digital computing and communications
sysizms served as both an enabler and driver ni business process reengineering. Long
before offshoring became prevalent, wmpnnr s recognized the power of computers to

improve capabilities and re j’uCt. cost ih; gh i he automati S of corporate activities, With

high-speed voice and dil‘h’.ﬁ

work processes be divi &c\i nm kvuuim‘ J}\netr and s eparate activities, {) ce diy uh,d

into a value chain of separate activities, processes and their components could be
-ahuated to determine where they could be done most effectively and cost-efficiently, and

then focated giobaiiy.

~  Standardization of software platforms for corporate information systems: Umique, built-
from-the-ground-up corporate I'T systems have besn increasingly supplanted by the use of
standardized sofiware }‘iatforms that can be customized for a specific business. The Y2K
challenge accelerated this rend. Many companies, faced with signmificant time and labor

Depariroent of Comuneres i6
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Chﬁ%@ in\a:a\} {0 move
*‘-gne«:.i for

costs to revie
their a;\p;im ions 1o standardized platforms. To i:wx,
mirar Pworkstations ¢ \’s:;:t for a \u-nu of en *crpw
stems t.i».i}hLL i"i workers outside the Uni
5. UN companies, it tarn, were
e whiosynorasies of their unigue corporate
sysiem 'E'hese me i“d e s anu(zrz‘} 1T raining prograves and skill certification that are
estment in }T skzh building by workers
S companie

woand tix the “Y2K Bug” in their lega

"2‘.‘
w

recognized and available globally, greater inv
abroad, and greater use of those workers by U

¢ lnaddition 1o these early enablers, a variety of other factors have
halization o ‘{' it '»‘z:rnw\ and sufm:z}
] - iB VO VTG

i

v el TG
(SIS OR T I I

srivnities for more <o

INCTEASES OpY
up and learning-curve costs.

Ofifshoring destination nations” efforts to expand their workforee pipeline through
education and technical skills training (o accommodate rapidly mereasing demand,
changing skill requirements, and ddesire to move to higher level work., These efforts also
include improving the English langusge skills of the workforce and reducing cultural
barriers to working with V.S, companies.

iy
L

« The landscape for workforce globalization in IT services and software 1s complex. with
different couniries offering xi":{'i"cxfem skili seis and capabilities, varying wage rates relative to
those in the United States, different levels of cultural companbility with the United States,
different industry structures, and d.\,i'}erem levels of sophistication in business and proiect
managernent.

« Inaddition 1o its complexity, the workforce g‘m?miu,afwn fandacape n IT serviees < nd
ferimg {iw narket,

1S rap di‘, € hu}\ H"i" — pew countries dii:j Comy &i‘ IS are

software pi
, apic

we making 2 shift i Y ropOTHon

versus offshore me in their typical 1T project management model, and atte "r‘pmﬂ) {0
enter the I'1 concui*i:}g business through acquisition and new divisions. Recently,
Ireland’s [T services and w frware industry shified its focus from services to software
products. Russian companies appear to be ready 0 expand their physical presence in the
United States by establt } g more offices here, including offices staffed with techoical
personnet.

- fn another recent development, vendure capitalists are epcour 'mm\ P start-ups to use

5t

wer cost nffshore destinations ior software development (o reduce the “cash-bum rate.”

w3
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In addition, ﬂ £re 1S growing pressure in covporate Amer i(, a to offshore I'T work, and

cal pressure 1o stem the flow of American jobs going oversess.

i3 13 clor LS OTT professionals melude:
horing cuir m‘ repr "S{;‘.IKS 4 sz:nz«z_’ii §' action of i vices and software spending,

though the fre pest comdinug d growth into the future.

{arrently aﬂxaﬁabit‘: trade, industry, and employment daia. are 1;‘-<1dﬂ‘.qua{° to assess the full

extent of oit‘a‘:’sm"ing of 'Y services and software work, or o assess longitudinal trends.

The impact of offshoring on the competitiveness of the ULS 1T services and software
sector appears (o be 1‘;@5i121‘3§ in the short-term, other than the cost savings firms in the
J.‘.a\ r’\' are achioving from offshoring T work.

T sery 3 o) e h;}‘m‘ ment has fatlen sipmificantdy in ¢

¢ oatid\t iR d vih — but 3t i3 unclear how much of

C;i,s)\i“ﬁt“‘ix

1 TGV O

ms. '?hi

sult of mos

5 _ dge capture and shanng sy
1-';&1 ai\ur a;bm'f«‘qe ca ¢ more guickly, reducing the number of )
technology leader can captare as its innovations mature and diffuse,
The United States s not along; mi:- gr developed couniyies are experiencing the benefits
and challenges of uii\h» g,

LS. corapanies perce

s and henefits associated with moving 1T work

offshore.

i‘eg"im ary benefit and driver of offshoring i3 cost savings resulting from the lower cost
of labor, Offshoring offers divect jabor savings a;‘ to 70w s }puumi’ with total savings
*‘r:achm;z 35 to 40 percent. These savings can be passed through to the customer, retlained
in the company, or paid out in dividends to stockholders. These savings achieved through
offshoring enable companies
Remain cost competitive wit h O %*s:i companies: Companies offshore to remain cost
competitive with other companies; tf not, they would find themselves priced cut of the
market and unable to compete il, ¢ business.

|5
&
o

fiability to do so primanty through cost rex i
software companies, labor costs ~ direct and indirect, which account for the hon’s
share of totaf costs — provide the largest opportunity for cost re ducaom The gene:
downturn also exerted pressure on a broad range of non-dT services and software
m.dua-.r; 5. These indusiyies also sought to £ duw their costs by offshoring a variety of
rpovate functions, including information technology. These mdustries — such as the
financial services and insurance — are priroeary customers of the Iadian services and
software indusiry.

thely Dro

ral

v
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- Meet venture capiialisis’ requirements to zm, offshore labor: Offshoring demands are

now being ;t,:zw" on I start-up companies. Venture ‘ap.wzi; 145 are demanding that
t-ups reduce costs by using fower cost offshore labor to stow the “barn rate” and

unprove their vate ;vs‘ eturn on imvestnent
— Increased movation: Investments ed ot innovation can clearly go farther when
isbor intensive development waork can be carried out at lower cost, thus enabli g MOTE
znrm*‘a%;ns to be developed and commercialized. In addition, when the cost of
nnovation iz lowered, more projects are able o achieve the required refurn on
‘Weqi‘n‘ez’ti hurdle rate, allowing for inpovations to be developed and coramercializec
that otherwise might not bave made it to market.

«  Other potential advantages of oifs {2, as perc&’,i‘/(* by ULS. companies mclude:

~  Improving a company s ability to guickly taitor an I'T workforce in size and skills to
\m? business regquirements duning gkdi and non-peak periods: The avatlability of

i
s O

changing market opp es - qu&i‘ fappi
ic ;mimo ey }m ment when their servi

b oof customers: Some 1T services compaiue abln
o plobal costomers expect to be sgrved i thew

t:ba§

locations.
Serving local markets hetter: E-:I-:‘sn‘;a E"f' services companies are tapping offshore labor
in order to better serve local mark However, H appears that local markets m some
countries that are primary des&ﬁﬁaﬁons for offshored [T services and software work are
swall and account for ondy a small share of offshoring companies’ revenues,

-~ Capitalizing on foreign nation incentives: Other nations have established business-
friendly policies and programs that offer attractive bevefits for companies that locate
Ups,nzuons *‘hwu Such incentives include: preferential tax treatment {even mulii-year
tax “holidays™ during which a company pays litile or no ta \(ps;, targeted education and
training o pro\ Ade a ready-workforce {atlored 1o a company’s unique requirements,
tar getcd research and developroent investments, infrastructure investments, fewer
worker protections, and lower regulatory burdens.

~  Enabling focus on core competencies: Competitive pressures have driven corape m
1o focus their corporate resources and management efforts on their core compelencies
- sirateglc i*m i s%} Hies Ef at provide the © SOTpAnY W ith a co mpm; Ve

eSS €4

S
AQVAn

fower cost and higher guality. 1T services has been oue of the leading funct
corporations have outsourced.

~  Providing round-the-clock customer service: By locating support centers strategically
around the world, compantes can provide round-the-clock customer service.
Increasing speed of product development: By locating development cenders
strategically around the world — the “follow the sun” strategy — companies can also
accelerate the speed at which they are able to develop a new product and bring i to
moarket, or test and revise software by handing a project off at the end of the 'iwmr“

day in one location to a site where the business day s just beginning,

Departroeat of Commerce 16
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s notential drawbacks and risks associated

S. companies also understand that the
with offshoring. They incl

Yendor/contractor mu challenges: Veondors and contraciors may lack maturity in

husiness management, project management, and quality processes.

—  Cultural and communication barriers: These can cause wmsunderstandings, unntended
offenses, and faihures to communicate effectively among the business partners or with end
customers. In communications, pr(mim may arise due to accents, colloquialisms,
jargon, use of analogies, and lack of understanding of business nuances.

~  Dlata securily and confidentiality: Laws md technical capabilities may vary from country
o couniry, tocation o location. ‘é oreign entities or personnel that breach U8 laws may

be aut of ra,ucé‘z of US. law enforcement &n::i LS. courts,

— lmpact oo cusrent employee morale and future recruttment: Faced with the prospect of

w the loss of jobs by co-workers, employ ctively of pa
F ,;:adus;ﬁ o reduced
productivity.

a_bm.zl: Ci‘{}gﬂi)}“) et

g, K é ;cim\f
eifccenvely comnuumicats
of the kno
facing the

ng e {o the oftsh Yective diffusion
wiedge among the contrac tor’s woskforee. '-md i iw tance ni current emplovees
toss of their job to participate fully in the transfer of knowledge.

Time zone differences: ‘Jv hile these can be beneficial for round-the-clock operations, they
also reduce the opportunities for péisonal mteraction among business pariners operating in
different time 7ones.

- Imadequate telecommunications and other infrastructure: Companies may face electrical
blackoots and telecom cutages, stow Internet speed, high bandwidth cost, government
Internet censorship, and damages due to severe weather,

~  Unexpected costs: Unexpected costs may arise because of comununications, infrastracture
deficiencies, problems with project definition, cost estinates, inadequate management,
tume delays, key staff turnover, employee separation costs, overestimation of abor cost
savings, rapid offshore salary increases, increased travel, or simply vendor fatture to
deliver.

K}'.k 1o nteliectual pi‘(}pﬁ:ﬁ\f: Jariations in the telectual
nations, less ability o m- CE 1

i

s laws in different

¥ co,z‘s,:::c-:;n\_n* ag for

v

sropert
stel uim? property uohf, and

pov] "

RS WIS

E-xpos;,irs,i oss of core business knowledge: Some business knowledge may be proprictary

or convey a competitive advantage. When that knowledge is transterved outside of the
company or business partners, it may compromise the company. Also, knowledge
accumulates in a scaffolding process or learning curve, I i}&’ wmpay s knowledge
becomes outdated, any distuption of access fo th@ holder of accumulating knowledge
could ’qa\ ¢ negative con chn\,. ces. Risk is even higher if knowledge that 1s core to the
company’s long term success is no longer resident in the company.

Drepartment of Commerce 20
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Mana

1, g work offshore ve {1 wires

-

".é‘.‘tql}}Sii.\i;l’z £
Politicnl backiash an
media may re

reopolit zcai nsia smb Border unrest, éc alt ui,u‘ Tk pqi mai sifuation,
z;iramf:d relationships between countries wu , q:id terrorism could all disrupt normal
busingss operations.

~  Foreign government impediments: Problems with government and government officials
may inclade lack of support for business, lack of transparency in business regulation, slow
and cornplex burcaucracy, and ’7{'sz‘z'ugﬁi(,>n.
Work schedules:
vacation time than

1 COUNes may M»c significantly more and different holid
= it the \,mtm State

1ys and

-
WEIOPCS numhers

vy and 1o growing rapidh
cin the Dlnited States

Ny gt
250 oD pre

mdzo wous Indian [T services and software mdostey is

inated by a handfol of large companies, principally 1T cervice g oviders. The
cumpame&: have revenues of aboui 3500-51 bilhion each; they are c\pmi focused with
a majority of thelr revenes generated by foreign sales. The bmis;,d States 15 their
biggest customer {accounting $or 60-70 percent of revenues). Their client base is
largely composed of the banking, finance, insurance, n:zanu.{‘acmring, and telecom
industries,

=)

—  While Indian companies offer a range of iE <ervices, their stock-in-trade is
applications development and mainienanc i?ux inrvolves modifying a standard
software platform for the particular neads of @ customer, and maintaining those
systems. The work has largely been proj mi b&scd rather than talang over the
management of a company’s IT operations (outsourcing), though they have move
into the outsourcing yarket,

~  These companies are not players in developing software products for global markets,

Success in soltware ;mxw LS TeQUIres hsmm fevels oi uwcstm ent for research and

development, extensive m Luiumw\ and

1 physical proxinuty

)
Th e 10 1wy
[t {’Lu‘ T L0 2 }

- In 'adfhmon {0 ‘-:.,‘na mdigmmzs Indian 1T services and software players, many
multinational IT companies and T consulting companies have located development
centers in India to take advantage of the skalled and low-cost Indian workfor ce, hese
operations are expanding. Only a handful of multinational IT companies are
conducting research {as opposed to IT product development) in India,

~ Some of the large indigenous Indian [T services and software companies are making

attempis to integrate downstream by developing IT s:-;}.nsu;img services. This i being

carried out through acquisition of I'T consulting compantes or divisions of

o
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r;m?‘a%z‘-a‘:'iﬂnsi consultis establishment o
consuling helieved that thas m‘ii be

underta "mu {m A ese i igenous Indian service g.?’O"iCCﬁ\ tm, Y Gre

E{mwcom: I? r*'-::rkc*rf:

}he software project development model pioneered by the large imdigenous Indian IT
services providers is shiffing in terms of the ratio of work performed onshore vs
offshore. Initially, these ¢ omp anies performed their services by providing Endm
»‘mrk“*s 3 ; gf‘r}nn‘ 1 work atf client sites 1n the United States, This significantly
increased fndian com pany use of the U8, H-18 visa. This way, the chent could exert
close :;up@r\fismz’; over 1""*'j,v’~t m VD p\o;ea S}SLC:EIC im‘}& or ;mw n‘ g 1
time, as U8, chents
shipping piece

shifted, with less work 1 the ‘\ client site {

s swoject seope and regu

s fndran i
d;{m?\ ity Matunty Mo
maturity of the software «;*isvsicy;i'sn'sc;fz";t Process
of worker pr oduc{‘wﬁ“ or creativity.
—  Though smaller than India’s, the Irish I'T workforce is English-speaking, well-educated,
and colturally attuned to the Uniteg States. The Irish 1T industry has switched its focus
from 1T services 1o software products for niche markets. The United States 1s Ireland’s
fargest market for software products. })espzte its small size, freland’s 1T services and
software industry’s revenues are about 314 billion, compared to approximaieiy $13.7
billion in revenues generated by the fndian IT services and software industry
The Russian I'T workf{orce 15 also small, but s,espabiv of doing the most advan ‘“d and
complex [T work — comparable to many 1T professionals in the ULS, workiorce. Many
Russian 1T workers are products of the high quxht‘f Russian university system, and have
degrees in mathematics, physics, computer science, and economics. English langoage
capabihity 15 poor: ir J\"m‘k":r w:ﬂge& are low, mughiv comparable to those in India
T

s, This certid
Yo an organization, but is not

A reasire

‘P‘

rge, about 600,000, but only a fraction of thess workers
tces and software export sector. | ‘um\ workers

he O ree sl

dian I'T workfor -
Unite d \i ates. s wage rates are <.m ilar (o those i the ihmi __ygt\\,

s The Uzﬁted States is the world leader in information technology research, About 47
percent of ULS, private sector R&D investment 1s in information techinology and electronics.
~  Indigenous lodian 1T companies do not appear to be undertaking exploratory research of
any significant sive and scope; several U S multinational T corporations have located
research, as opposed to product development, facilities 1o India. Several U8
multinational 1T corporations have established IT research facilities in (fmn&

[
N

Department of Commerce
Technolony Administration, Office of Technology Policy July 2004




DRAFT TG4

;1‘;;??;0{1. En af iumn} irish

ear in 'T-related rescarch

« ULS. giobal leadership in the T services and software industries has attracted work from
companies located in countries around the world for decades — ineffect, the offshoring of 1T
work by other nations fo the United States, This insourced work, as well as foreign purchases
of 1.8, packaged software, continues to produce substantial economic activity and job

ation in the United Staii,ess.

s they belie
i the global competition for work, the

that make 1t zci 0i0‘> iOuifk)-z im wiork with certain

o ULS 1T services and software companies move work to whe
most effectively and cost-eth {

nabilities and stre

Ve
Uy

5
ﬁ i
o2
a

¢s. Other nations have ditferent t weihs that make ‘h

3

A T PR S N g Y e e e inge
a3 have tended to retawn 1

Work in which there i uncertatnty about what the customer

specifications should be
~  Projects that require highly tterative development proce

v what the

~  Work that reguires a bigh degree of personal interaction with end-users/chients
Work that erosses many (.fi\(.\yﬁllt’.";if
~  Applications with complex procedures, including ones that involve substantial manual
itervertion and data fixes
Applications that invelve a high degree of integration with other systems developed and
matniained on-shore
—  Work involving muances or deep cultural understanding
—  Work in which much of the knowledge exists only in the minds of the on-shore I'T staff
~  Analytical tasks, leading-edge research, and non-rule-based decision-making
High levels of creativity, innovation, insight, “thinking cutside the box”
—  High management reguirements
Process design and ?wuwm ' am;;« sis
~  Techoology and sv

ard networks}

<ely to offshore 1T serviees and software work with the

= 115, businesses arg more
oiowing characteristios:

~  High wage differential with similar occupation/level in destivation country
High labor intensity

—  Clearly defined reguirements, little nuance

—  Repetitive tasks

—  Rule-based decision-making and problem s;(}ivéng

~  Documnented or eastly transterred content and process knowledge
artment of Commnerce 23
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~ev

reet, separable; im\ degree of interaction across different services, apphications
Low de
Niabis

Dhse
10N ‘um end-users/clienis

d
fing”

A0

sgree of personal mte
oplications with mininwm “fivefigh
anoriize offshore

—~  Low-to-medivgn business criticality

~ Long projecied usetul hite to

S-Up COsts

—  Less time-sensitive, fonger iransition periods

~  Projects involving siraple and standard bardware and software
f}w‘. fal, imem ct»a,;mincu

—~  Low setup bagriers
Low-to-medium technical complexity

Not muiti-di 3\1' “?};»."';

Projects in business areas in which offshoring s a broadly accepted convept

1tly defined work processes

o M

Semiconductors are at the heart of the computing and telecommumications industry
and are responsible for much of the productivity increases in the IT hardware industry.
According to a McKinsey study, the semicondoctor indusiry 15 estimated 1o bave coniributed
(3.2 pefm.nf_ of the 1.33 percent increast in U.S. productivity during the 1995-1999 timeframe.

The semicondactor industry 13 also a source of high-wage jobs. Hourly carnings have
gisen 50 percent in the past 30 years from approximately $14.50 10 1972 to about $21.50 in
20072 {consiant dollars), comnpa ared to the 6 percent decline in real wages in the manufactwing
sector as a whole over the same time period. Semiconductor and other electronie s.on*pesnm
manufacturing’s value added was $105 billion 10 2002, the highest for any industry at the 4-
digit NAICS code fevel. 1t is also an R&D intensive industry. ULS. \M> by semiconductor

anc ? other electronic components companios was almost $12 billien or 8.6 percent of sales in
2002, compared to an average of 3.6 percent of sales for all UK. industries.

ive “1@3‘;‘{

remainder. The pational affiliation of m top ten compantes worldwide me EJJC .
from the United States, Japan, and the EU, and one from Korea.

1.8, sericonductor companies operate in different parts of production and dt‘:'«:igﬁ
Compamas that own and operate wafer fabrication plants {fabs) and market semiconduct
chips under their own name are called integrated device manfacturers (IDMs). € ompames
that own some fabs and outsource some wafer manufacturing are called fab-lite, and thes
putsourcing all their wafer production are referred to as fabless. Design fivms are comp;ﬁmas

i'}{zp;rasimt:x‘.z of Comme 24
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that provide design and ntellectual property for hive, and comparnies that manufacture wafers

for other companes are called h,zmdw;s.

The structure of the *ndusirv changed from one domunated by integrated

ectromnics wuspamu {owning and operating in all segrents of the value chain}, to one where
firms specialize in different parts of the value chain: R&D, design, wafer fabrication, testing,
,,-ms;,mbiy, or nih,\ 'mé 'mriu ting. Currently, the LS. industry consists of a diminishis
Bk n% r of fab-lite companies, h: adreds of fabless companies and
The top five HDMS capture 60 percent of ULS. revenues,

226, (}(}0 workers inthe United
were n the U i

ely 30 }3-::'(':@2*-2 of all
lec felectromes vswn,\,a. :
warketing m}d sales, and ailmost 34 percent of the e
s had Masters or Phid degrees.

i

i’:u@;m@i‘ﬂ work 1 manutact
pineers hi

universities

»  Foreign students are an iraportant part of the engineering workforce i the US.
semiconductor industry. Sixty-five percent of doctorates in electrical engineering are
awarded to foreign students. While non-U1.S. citizens on H-1B visas represented only 2.5 10 3
percent of the 3 emwndmim workforce and 8.7 percent of the total enginecring workforce,
ﬁmv represented 23 percent of the new hires last vear. Eighty percent of H-1Bs hired directly

fromn universities had Masters or Phid degrees.

s The semiconductor industry 18 highly cyelical in revenue and employment, making it
difficult to determine whether decreases or increases in U5, semiconductor employment are
paﬁ oi a si‘nri ferm oye iv or & long-term trend.

orn $204 billion in 2000 to $139 billionin 2001, bwt

~ ;

«  US comp 11«35 have the bulk of their R&D in the United States. R&D includes process

R&L ) associated with manufaciuring, R&D ju semiconducior design, and basic research

performed prima ity by universities and research consortia.

-~ Total U5 d@m:. stic industry funding of R&D 1 semiconductors declined 16.5 percent
from about $14 billion in 2001 to $12 billion in 2002, Ofthe $12 billion of' } &i} in 2002
only $48 z‘_z}.u}zon came from the federal government and the remainder from industry.

3]
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Al the same time, foreign atfiliates of ULS. senviconductor companies inoreas
funding by almost 94 percent from $ puition i 2001 to $1.6 billion in 2002

- R&D msowrcing remains smally o fow {oreign companies operate large manufaciur

facilifies in the United States, and R&D by foreign semiconducior companies in the
United States was about $41 mithon 1w 2002

The main determinants in locating facilities overseas vary by function of the facility.
owever, the cwi 10 gain market access can override other cousiderations. In simplest

Low-cost labor is the main determinant in locating test and assembly plauts.
Financial ,inceﬁfz‘f'fw to offset the cost of building a {abrication plant (ostly capie
equipment costs} and o as~ sifity ofengineers and skilled technicians are the muin

deternunants in iuw{ ng these })-&i 1S,
- Talen

design contey

»  Fewer ULS. compandes are butlding new water fabrivation plar

outsourcing manutacturing o foundries ~ most of which are in Asia. continues, i

could adversely impact the ULS. semiconductor workiorce and | (mmm \‘ei pr eess K&l

~ A new state-of-the-art manufacturing facility today costs around $2 to 83 billion. The cost
of a wafer fab has increased by a fctor of eight over the increase in worldwide revenues
since 1978, Only five of the largest U.S. companies are investing in these facilities.
Given these costs, companies prefer to outsource part or all of their production to
foundries.

~ Al new U.S. entrants in semiconductor industry are fabless. The VLS, has the larges
fabless sector in the world, 'i';f c‘{ nited States also has very fow Eﬂumi‘*;w for ¢ m&m
smanufacturing. (utsowrcing allows the fabless sector to manufacture thewr designs.

~ Use of foundries is expected to increase from 15 percent of worldwide industry revenues
i 2002 to 34 percent in ‘ZUNL and most of the foundries are 1n Asia. Asia (not including
Japan) is projected to build 74 percent of the world’s new manufacturing capacity
compared to North America’s § percent.

\§ atio w‘ and local govermments in other countries are offering financial incentives to both

Goverpment incentives m
fabrication planis.

~  Finally, new fabs incorporate the latest techuology: and process R&D m the
seniiconductor industry is often co-located with these fabs. As le ading-edge facilities are
bailt in other countries, more feading-edge R&D will be performed in those countries.

s  Semmiconductor design productivity has not advanced as much as manifacturing
productivity and companies are trying to increase this by ofishoring design to lower wage
couniries. This strategy has resulied in large increases in the number of engineers employed

dmiaisration, Office of Technology Potic July 2004



by i‘ S, semiconducton companies in «
The industry is
developi le_) mare powerful de
eXpen i
Dt; 1 productivity is not increasing as 15 the number of avail

semtconductor. Fixed engincering costs ‘ur design are 10 times that of fixed

1018 w the R&D funding remains here,

frying to merease g_;odu:;ﬁ;wm \i;"* du

P

and hring |

3,

FITETS.

able fransistors on a

n*zamfacmrivw engincering costs. Today’s design does not take full advantage of all the
possibilities presented by the hardware Tu hm»iog;

- she dttfsmpt\ to mutornate design through the development of design tools, standardization
{inputs, and division of the process into diserete modales enabled the outsourcing and

iirf.i‘simring of routine -:i“'%iffn

3

DM s and fab
se Hibraries of o

Eﬁf':i,uwnl 35, the
rom approximaten

v LLS, companies inor

'E' he g m*i; of the fabless model has allowed tor the creation and growth comx":z*a'.s;
with low operating costs. Using de sincers i lower wage countries furt
initial outlay ".-",Qf.s;;‘ svostart-ups. As Asia becomes the center for slectronies

furing, >cmu,0udt.s.,w; companies are opening focal design centers to support therr

manuizc
customers

s Other countries are making the development of a domestic semiconductor indusiry an

i‘-’ﬁ{:grai part of their growth strategy and are drawing in U.S. semiconduocior ovestiments. The

entry of other countries into the global semiconductor market will pose challenges to 1.8

glc i* sab market share and U.S. employment.

~  The United States struggled to ;_'ea-ain leading market share in the 1980s afier Japan and
Korea entered the market. There is concern that new entranis 1o the market may further

educe 115, global market share.

- fihe Usnited \m‘mx now faces competition from countries with educa‘ied populations,

skilled engiveering workiorces, m*-ivwsi“‘ nirastroctures, and lower wage struciures than

2‘1 sse in America - countries such as, Tatwan, freland, Bussia, Isracel, 819‘:3005,‘6‘-,; and parts

iohina i both

and have iugbm the sem - growth o thelr counin

manufacturing and design, ang l L,jm ad BSIE.

»  The growth of the semiconducior industyy in other countries coupled with the increased

capacity for advanced science and engineering education abroad could muke it more difficait

to attract and retain foreign talent in the United Sates.

—  Half of U.S. engineering doctorates and 65 percent of doctorates in electnical engineering
are awarded 1o foreign stedents.

.
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needed to become a major competitor iy the future — e

1 challenging climate for
: { graduate schools reporied
fiegrcas-: of 32 percent in mdern ,a;mnﬁi f~’i‘«ldm}£ student appiications for the
2034 "‘ﬁm gcademdc vear fra’u“-‘z ﬂ*(—: previous academic vear. Visa delays increased by 48
pereent for imternational graduate students; 40 percent of the delays were for engineering
students, and of this more than a third were from China

Post-9/11 securily concerns 1 the Unit

1al students. (ne survey repor

an averag

China iz investing heavily in its semiconductor industry and bas many of the elemends
eering workforce

available capital,

a large intemnal market, end a growing university and research infrastructure.

®

o

{hina has more plans for new water fabrication eapacity than any other countyy. Mast of
the new {ahs dre i‘l‘wndrics. Cluna is also rpi‘v‘iz*f" on artificial market barriers, standards,
i

and fina ua% entives o speed up techno anster from fo e; o1 adu\t Tio s
i i
43 ,

Ching is weak in d sign skitls, bui design conters are expanding quickly as
about 20 percent of ULS. wages. In addition to domestic firms, n,u,xitmatzmmi» are opening
design firms to design for the large local market and service the global electropics firms.
Ching’s design houses number in she hundreds and expect about 22 percent growth in
revenues this year.

While China’s industry 1s not world class now, there are potential «)ppurimm g3 for
attracting talent, investments in mirastructure, and resources for cutting-edge R&D.
China uses talent from overseas, especially Tatwanese and overseas Chinese, 1o manage

and train its industry and workers.

India is gearing up in hopes of becoming a major semiconductor design center. Indian

oficy makers have established an export target of §1 billion in siheon design services by

2005,

Although employ ment in md:

s m”n{\m;w is enly 4.4 percent of non-production
s growing., US

;:ma, STITtS

scnncon due ior comp: mu employ

While .
of workers at U3, design centers, their level of expernience apd work gquality 18 rapidly
IMProving.

e Pooytadite ook e o ~ooat T . PR U T S
i i%} SRS duc guanty of the wo 3 iheze \3»\;& centers 1o tower than that

Salaries are about a {ifth of U.S. salaries. The savi gb for U.S. companies drop o 40
percent, however, factoring in additional costs i travel, management, and infrastructore.
Large salary increases are expected each year for semmconductor designers, while Lha cost

differential between the United States and India for experienced managers is much les
U8, companies also actively recruit in the U Inited States for UK. -educated and trained
indian n;ﬁmnais 0 manage and staff the design centers i India,

Departruent of Commerce 78
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— india’s main barriers are a fack of schools, trainers, and tonis to graduate and train chip
ir“‘;mc:s. (‘,'-srr-:—:m,a};, it produces about 350 new design workers a vear, but expects to
need about 3000,

o o

= Long-term trends i the structure of th
,z‘nzmu@bmnng by 11K, semiconductor ¢o
abroad, and employment in R&D and des g
United States. The most immediate effect of outsourcing and offshoring i3 positive for U
company competitiveness, but outsourcing m}d offshoring have the potential (o ‘ifcci (SIS

market share and jobs in semiconductor manufacturing, design, and R&D in the long tern

indusiry sugg .c st that employiment o

warues will deching, both in the United States and
n work will increase at 3 faster rate ouiside the

o Drespiie this, the UL, semiconductor industiy retains much unigue strength 1o address
these challeng

3 4

~ it has a dynamic cconomy, capii aad business friendly environment allowing

i{ has top- ,m‘éai prescarch urivers ,mw and nm/er\fs"-"vvmdua‘f.z‘}’—sm'af@rz‘n‘=' ent lab interaction

with the abilily (o fnvest in cuiting-edge technelogies that can transtor industry
processes and serve o cultivate top talent.

~ 1t has a large educated, skilfed, and experienced workiorce, BEven though workers in seme
lower-wage countries can match LS. workers in technical skills and sometimes
education, they lag behind U.S. workers i experience and management skills.

—~ I maintains a historical advantage in intellectual property and dominates the lucrative
micraprocessor market.

— 1t has survived previous competitive challenges from Japanese and Korean indusiries, and
prospered and regained leading world market share

—~  EBven though many U5, companies are becoming mb lite or fabless, i appears that the
United States Wiii maintain a core of cutting-edge wanufacturing and process R&D in
some of its larger serniconductor companias.

}».

Increasingly sophisticated and poweriul pi’xanna«:s:u{icai% are the precursors for
innovative breakthroughs n therapeutic options for human diseases and disabilities.
Considerable scientific advances over the last several decades have revolutionized our ability
to understand human diseases and disabilities at the molecular binlogical level, which has
opened the door to taking on more complex diseases and disabibities ?hmugh more effective
molecular therapies. Pharmaceuticals are also widely regarded as one of the Nation’s most
nﬂpm’fant high techuology sectors for the funwe - as a source of new healtheare technologies
able o improve the nation’s well being and Hving standards, ag a realm of business

-
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iicani growth prospe Cis, and as a source of new jobs in high valued-
the global pharmac ais supply chain.

e

opportunities with sig
added cot mponents o

The United States has long been a giobal leader in pharmaceuticals. Yet, many U
iternational trading partners — in Fe""opc Asia, and Latin America — have indicated strong
future aspirations in the biosciences, biotechnology, and associated industries and markets.
These aspirations are both {o meet the growing healthcars needs of their domestic populations
and to eventually compete in the larger global marketplace. This raises questions about how
this global roar i}uip ace might evolve over the balance of the current decade, and what the
implications will be for the existing pharmaceutical infrastructure and workforee in the United

URITY 1S 8 5 ;;f;mi‘f sector of the ULS, economy.

sharmaceutical companios and LS. divisio G cammarnd

3

W V1O N 10
< VLS and abroad, Of thas, abowt

abt |
2003, with annual growth rates over the last tuee years of 8-9 pereent. MNort
{(dominated by the United States) accounts for about 49 percent of this global market, with

~r

annual growth rates of approximately 11-17 percent.

The ﬂ}om% market for pharmacestivals s estimated 1o bave fotaled

2 mlior

h America

+ The US. workforce for the pharmacenticals in ws try totals around 294,000, Of this about
%% percent are involved in production and about 27 percent engaged in scientific, professional,
o technical activities.

—  The Bureau of Labor Statistics projects an incrzase of almost 68,000 occupations in the
2002 10 2012 umeframe

- However, these empk oyment 3‘ ipures do not account for services provided by contract
research organizations or for undversities and non-profit R&D orgamzations working in

collaboration with pharm’af tical companies, Neither of these important ancillary
components of the nnaz maceut ;m}s industry is comprehensively documented by industry
or government statistics.  Preliminary research indicates that they way be a sizable
fraction 01‘ the mmimln st of the core industry ciied above,

3, marketing and sales, manula ¥ ation 1s 0ot clear from
srmation provided in the cerz’spa“ies” annual reports and other fm wncial filings.
- %i is apparent, however, that among the globally integrated companies, U8 -headquartered

companies bave subs Lm mi nur:{bu of employees in “acilities abroad and foreign

r«'

headguartered companies have substantial number of employees in facilities in the United
States. Few of the miL Y} i argest companies provide disaggregated statisties on
relevant characteristics of their employees (by function and geographic location) in their

regular financial reports.

Depadment of Commerce 3
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- Coyresponding information o
industry is also not readily availe
the ndustry s smallest companies are aware of opportun
are sourcing ou a giobal basis,

- The industry’s considerable dynamusm al present also adds to the complexity of the
apalysis — wcluding numerous larger company buyouts of smaller firms to acquire
culting-edge science and technology, larger company mergers and acquisitions at a global
level for efficiency and market expansion ¢ casons, and the growing attention o
cutsowrcing generally (whether with domestic coropanies or those abroad) as a strategic
response 1o emerging business needs.

H{} ever b ASHIESS pre

ieR ?‘:‘f nU;A«.& '3\)?(?

ve work and

s Both the infftwtry and markets for "Jii"ai‘!‘ﬁ'}lﬂ,Cih‘uuis are v”onsi(_ie'g' b
- "i‘h, industry ‘w’oduziion a"hﬂin r research, deve iog sment,

5 corposed ¢

number of companies »m
activities,
it 15 2xp

ATy §L" 3T

reet

o0 a,d that both the economic §

Y

lite sciemes sesearch will drive fi .mw ioba unxohdauo L thg years ahe uj,

s The United States i widely recognized as the global center for pharmaceutical rescarch

and innovation. This leadership has increased over the last decade and reflects a constellation

of favorable circumstances for innovation, the result ot US. ;uhcn» and ymuanves. They

include:

~  Abundant supgwmi for pre~competitive research {notably, the basic research funded by the
National Institutes of Health (NIHD, which provided $26.4 billion in funding for life
sciences rescarch by WIH intramural laboratories, umversities, and other cmmmnnai
research performers in fiscal year 2003

- The strong pool of ULS. \'\-‘fAii.ii.i*\)iuaL s scientific talent and continuing stream of scientific
'1<'-i';ievemmi8‘

~ The strong interes

markets in aggress

- An attractive U.S. marketplace both from a demographics perspective and from a drug
pricing perspective; and

~ A well-established govermment regulatory regime, such as the Foed and Diug
Adminisiration, {or approving the market entry of new pharmaceuticals,

With continued scientific strength and incentive for mdustry to take on and invest in the
task of new pharmaceutical development, the United States should retain is role as world

L4
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Emfs\ in pharmaceutical innovation with effeciive responses to emergiog challenges and

est that the vig

- Healthcare and demographivc fundaroentals sugg ous pace of growth in
global demand for pharma inue for sorse tme (o come. The United

States should also remain the world's leading market for pharmaceuticals.

ceuticals should co

R

~ The basic science frontier is likely to continue to advance at a fast pace (building

particularly on the recent progress in genomnsics and related molecular biology fields), and
this will open nuny new oppoertunities for pharmaceutical innovation.

,
S0

me emery J;Fg\ issues with the potential to erode ULS. advantage could work to noticeably
shifi some of the wnvestment and iﬂz"-mkfau ot ngm.g abroad.

O - imposiant consideration is the aggressive efforts underway in Burope. Asie
where to develop a globally competitive 1‘\ sciences industry. These initiative
g support ar 1'4 OMERTUuT

riafios

13l ;\‘>§ oy debates o

Veiliin & \"‘N’f ations pz‘i&ﬂ‘? ACEUTIC

Hrere of their future nvestments inres

fm casingly wpabifities for stron

, g science and technology 1o the life sciences arena -
mehuding imm&r iai ent, resources, and wdrastructure — also exist abroad, Workforee
SEems ¥ not 5o much a problem for the United States in terms of fevel of supply. The issue
is much more whether the United States will develop workers with the right skill sets.

The increasing synergy between figlds, such as computer simulation and biological

SYStems reguires an ;Ui@fﬂi;bbiphﬂdl}' approach 1o education and training, (Mher countries
appear 1o re C(jﬁ, e these opportunities and are working bard to target them

Education and Training in Gther Couniries

Success in today’s global economy is not only dependent upon access to natural
ziources or physical s&b(\, but also is m«yuamwiv being determined by how well an
(.,-Von;,m} or a company can develop and hamess the skills and creative talents m"pe@pia In
that sense
i

, cdu shun Md fratning become i dn e 05»‘.3'3} in unw:mg appropriate levels of

e

[ T S SR B . T Dot
Fhe United Siotes has histor

ity bee ; =y education and trann
other countries are attempiing to provide comparable quality ‘of and access fo education.
Although the ratio of Bachelors degrees to the college-age population in the United States
remains among the world’s highest, other nations are quickly catching up in terms of sheer
numbers of graduates. For example, in both China and India there has been a dramatic
increase in the number of siudents extering higher education systems.

This availability of highly educated graduates bas allowed countries tike India and
China to produce, develop, and even design products or services that historically were the

Department of Commerce
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ﬂ’urvicw of {i&, e technc»iosifécafgv developed nations, Other econonies rr‘:-;te?v}ng mediy
1o develop and supph
= and technical educ

s local an d foreign companies with vxm}\wn

ation and skills include Tarwan, Ireland

.

sarding this review of education and training programs. First,
the review focused on two leading countries ~ China and India - primarily |

There are tour caveats i

ase they have
become leading destinations {05 outsourcing and oftshoring from the E?nié’ed States, and
because both China and India graduate comparable numbers of scient
of the Unitted States. Second, the analysis examined only the post-sect ,
edueation programs in the two countries, mainly becat roportion of g ﬁi’,ii.‘:fii.a'btg
from the post-secondary phase enter the nations § O e fi} .‘t,. mket. A more
complete future review wuid melude all stages of the Ldmd{‘ms 3y Third. i was
duii alt o ;‘(Mfit"‘? a m srouph analysis of the national tratrung

> .:Qi'ncf:rs fo that
ondary or secondary
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The ini wing sections cover key aspects of post-secondary education, government
mvolvement in ¢ imdtm i, and recruitment of ;uvi y-educated workers for China and India;
and 1o a Jesser extent, Taiwan hv Philippines, and Ireland.

« The proimm\m of the college-age ‘f}opu,aﬁun that earned dcerws in science and
engineering ficlds was significanptly larger in several countries in Asia and Eorope than in the
United States during the same peniods.
Science and engineering degrees have consistently made up about one-third of ULS,
undergraduate degrees over tm past 30 years. Hawcver,, in 2001, the pcmf‘mage of
bachelor degrees awarded in science and engineering 1n China, Kores 1, and Japan was 59
percent, 46 percent, and 66 percent, respectively.
- In 20040, Uk <tud nts carned abowt 15 percent of their Bachelors degrees in engineering,
An

while students in Asia and Burope eammed about 40 percent of their Bachelors degrees in
engineering.

‘watﬁ Ker a and Taiwan have increased their ratio of Bachelors degrees 1o scionce and
opufation from jus r P0G i 1975

»  While China and India have low overall enroliime: a5 a percentage of their population
ih\,\’ are closing the gap with the United States in terms of absolute number of degrees eamed.
China and India, 2.9 and 4.2 2 per hundred people, respecuively, earned science and
cugineering degrees in 24 ﬂ}i
— in 2000, China awarded 337,000 science and engineering degrees compared fo 398,62
{for the United States.
E\w 1 estimates indicate that India roay surpass the United States interms of the nuobers
+f seience and engineering wgzas prouu a,d annuaily. Indian government data indicates

(o)
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o
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that India :‘h mted 232,000 sclence degrees and 160,000 engineering de 4o
iy 1997 the \*'z 3( nal Assob tion of Software and Service Compantes (INASSCOM)

ed 630,004 science and engineering degrees in 2001

China’s rapid economic growth 13 increasingly driven by its evolving capability ©
compets in international mar kets Wih knowledge-intensive high-value products. Education
and training in science and technology are at the forefront of China’s economic development
policy and in support of this the government is atterupting to develop a university system
based on re t‘«"?”hh’i’d international standards of rescarch and nstruction

£

v of students in China envolle

1 PROPOTLIOY
o1 than i the Untted States.

i 2001, more than 59 percent of :z;':.ueimu\

in China mgjor in patural science or eng

in science and engineenng programs is

m olled m universi

» inrecent vears, there have

( v

E

poon

oy

]
oS

¥

-

¢

$

%

{

[

78 io 2001, about 458,000 Chinese students went to more than 103 countries and
rEgions im overseas study, with over half of 'Z.hc:n_} ;rave‘iing to the United States.
The number of Chinese students

ul American universities grew from about 2,500 1 1980
to about 65,000 10 2003,

s The Chinese government has taken concerted steps to ensure that i‘-; becomes a viable
destination for international research and has the university and industry structure o purhwe
highly skilled talent.

The Chinese government seeks to develop its lugher education system to provide greater

access for all ifs citizens.

~  From 1998 to 2002, enroliments in the China’s higher education sys

tem grew from
15 nhi ion to 15.1 mithon (approaching U.S. envollment of abouot 15,

Py

TR
3 nutblion i

ese plan to ra
S o

cation enroibment to 16 mitlion by 2005, again
8 million,

The governmat’s S-year plan f;z’nﬂi’;zﬁ;ims the necd to take advanic

technologies and improve the nation’s capacity for ipnovation.

~  There is increased emphasis on competition in research, particularly in promoting
intensified competition and higher levels of achievemend in research,

- Reform policies include placing all research faculty m@mbﬁrﬁ on contracts and
conducting formal project evaluations every three years at the research institutes.

~  Reform is also directed towards restructuring Ching’s science and technology
workforce through retirement, staffing cutbacks, and the recruitraent of younger,

i ey
,:i}b
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hetter-educated scientisis,

R euwd instituies are sed to launch commercial spin-offs bas

successiul research aynhc ALTONS. T(‘; expedite this, the government has tz the
"*(—:’f#iﬂ;m%n’( of almost 44 national and 124 local mmrm'si ¥ scienoe :
Reform of China’s science and technology base is heavily dependent on the government’s
ability to continue to attract foretpn direct investment md talent.
The Chinese government continues to offer incentives o attract foreign research

taboratories and has pushed for the establishment of high-tech research parks with
high-guality infrastructure.

The government has reduced funding for state-funded R&D organizations and
encouraged them to privatize. Universities and related researc
beginning to actively seek funding from private con
As China confinues to re imm ity coononue structure and increase s investment:
scientific and technole int

honstitutes are

BAICS.

local demand for high-level spec

,c >TSONnN

3

i_.hli'}f} nas muads ereat f AR “’ H‘U {\ *\g\ ‘“ Lo S UG ).f»‘} {} HRese ¢ i S 15
1o work on or start ] ]

knowledge wransier tha

{hinese ; fay an fmporia

i Hunese ditve {o modernize,
From 1985 1o 2000, &‘mu* ?“* i’mwu, of U 1S, seience vmi eny n cering doctoral deg
recipients from Ching reporied that they had plans 1o remain in the United States for
further study and employment. Sevent \, percent in A% O reported accepting fum offers |
employinent or postdoctoral researeh in the United States,

- A different survey of 1,045 Chinese gradnates employed in the United States {2001 }
reported higher rates of retusn., For ex xample, 21 percent had pizm: 0 go home within
years, 36 percent had plans to go home within 5-10 years, 23 ;,e* ent had plans o go
home after 10 vears, and about 19 percent had no plans to return. The relatively high
percentage of those with plans to return may be correlatad to the respcnéentb mmigration
status: many of those participating i the survey had plans to obtain dual cttizenshup (U158,
and Chinese}.

The burgeoning demand for IT and related skills bas given India unprecedented
opportunities to participate in the global marketplace for knowledge-intensive and high value
producis and services. Using us SXIETL mus system x,-“ sublic universities, inatitules, and

G (}{i i 11..?!47.211{ 4 }

private colleges, India 1o att noot a

e o N A YN WO
T SOUMPCE of tamnd

india appears o have a large pool of workers that can be tapped for IT industries.
Thousands of engineers graduate each year from India’s elite engineering schools and
institutes. Many U8, and int "n’zaé'zmai businesses moved (o India to take advantage of lower
tabor «:osi‘%, and focused on lower-level technical tasks like call centers and bookkeepmg and
accounting functions. However, given “‘s farge pool of techuieal talent, India has the potential
to move into more sophisticated work areas such as software development and hardware
design. in response to industry needs, especially in the IT sector, the Indian education and

i epat treent of Comimerce 15
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tr an.?nv system is growing rapidly. The following findings summarize the current output and
hallenges of the indian svstenu

I
=
A

igher education in sciences, historically the purview of India’s national (gove

¥ .
; i mment
& i RS

funded) umiversities, institutes, and colleges, 1S coming under increasing press
and respond to market forces for techuieal skills.
As of March 2002, there were almost 10 milhion students enrolled in India’s 253

¢ o change

universities and 13,150 colleges.
~  The demand for courses in juformation techuology, biotechnology, and digital electronics
b oth b On and increasing.
ihe povernment’s redu sstrictions on lice t imported
software and equipmea 1§ iwsfi‘;.ed 1;;:13\‘,'-2;'51&&(35 and {eac %ww ,uw;z fution:

>'§2&}A‘\ ‘i;’."

not >~,(;\‘<
Upon grac £<

Hi's are exchusiv { uity with doctorates. In computer science prc ,
signiticant proportion of the faculty carned Phid degrees from the Umited Siates, and alsy
has LIS, industry expenence.

{1 face serious challenges: non-competiive corapensation packages, alternative
Opporhmmev abroad, i---mzm‘v recruitment procedures, ouidated facilities, and an
excessively rigid academic prog m,m \iru“‘v"e make 1t difficult 1o attract and retain

qualified :amit}f,

¢ Indiais also trying to emulate its successfud HT model for IT f:ducﬂioz*
In 1998, the Indian government with industry assistance set up the lnstitnte of Information
Tec m@i gy (HIT) in Hyderabad and Bangalore. Both schools are Js:.s; gned to grant

computer software and computer engineering degrees at the Bachelors, Masters. and Phid
tevels.

- The HiTs have formed ﬁi‘iianceq with privaie {1 companies, many of thern U.S.~based, to
deliver courses ranging from 6 weeks to 6 months to train IT professionals. They estimate

'thai' by 2008 the annual @mput i rom the fwo FHTs will be 2,800 engineering graduates and
5,000 professionals with short-term tn

o

stmm}m" the fiuw of tai gni out of the co un é Indian Am.m,n als, particularly those
with advanced degrees, to return o India 1\.& iu_ng, oF u»um,h.

- As of March 2001, more thana mﬁimn Indian-born individuals were resident in the
United States — a doubling of this population since 1990, Of the Indians who came after
1990 and were in the United States at the end of the decade, an estimated 78 percent had
Bachelors degrees.

In the past two acaderic vears (2001 and 2002}, India surpassed China as the leading
country of origin for international students in the United States.
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i wst 94 percent of the Indian science and engimeening doctoral studer
ntent 16 remain in the United States after completion of tharr studies,

."J

« The demand for T protessionals in India has spurred the growth of private ualning
institutes providing short and long ferm training. both in India and abroad. These training
imstitutes claim to offer an alternative to university {1 educabion.
- Many of the compuier {raining programs are targeted towards students with backgrounds
in engineering who have the {oundational skills for software programming and towards
college desinng paralle] computer education. Students from o*hcz disciplines
science and arts typically reguire much wmore intensive training In programrning,
clopment, coding, an& % signing before they are considered o have the reguisite
sofitware d"‘\'a- i
> institutes (such
ation, and have opcx ed Em,mz A5 ‘351’ franchise
: %: state ined

Ty offer an alternative ton
d

47
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tf&if‘ 5}‘:“ ceniers i

walning,
organizations and companies
These private insututes partoer with U8 companies incly o
Microsystems, amon g others, o oﬁﬁsr both short-lerro eourses and advanced iwmug for
Mo of\,::' ionals desiring to upgrade thewr I'T knowledge.

~ Vypically, they offer three-yes ;‘ ograms {four semesters of course work followed by one
vear of professional practice) in s¢ftware engineering, systems engineering and
networking, information systems management, and business processing nmagement.

¢ lIndia, like China, faces many challenges i ynproving s higher level education system

- Institutions have suffered declines in quality, exacerbated by greatly expanded
enrollments, declining state expenditures, and an inad equate policy framework for private
financing. Philanthropy and private sector investment in higher education is still very
Hmited.

~  Much of the scientific research and development activity in India is conducted by the
national research laboratories, which have minimal links with academie institutions.
Many Indian universities also lack the funding (o engage in research.

E)}w {0 inadﬂ zaic '*\nu&zm 10 prac in al {x £YSUS ac L-amu} fraining m science and Hmite

p

s 'i h e governmnent of Taiwan has plans 1o make the country a center for the engineening and

ien of more innovative products than those manufactored in China,
"§“ iwanese government sificials estimate that Talwan will need 10 O”‘-O more engineers if
the country is to realize its goal of becoming a larger center for the design and engineering
of sophisticated produets like semi-copductors,

~  The Taiwanese government has successfully used fncentives such as tax breaks and divect

hcmﬁnxm of Commerce 37
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subsidies to recruit foreign companies to set up R&D operations in Taiwan., The
government plans o use the presence of the multinationals at R&D centers (o spur local
companies o start developing rather than making cquipment o
foreign companies.

e

thetr own P oducts

® Ihaa to 1ts cultural affinit
hali is a popular location for offshoring.

vin the Philippines annually graduate 380,000 students,
in U S.-style accounting.

+3 with the United Staies, inchading Amernican-style English. the

, maany with backgrounds

The country at present has a relatively small base of IT workers, and the government is
atten ;;}Mzg 10 create a local base of T work by stimulating the

(7

evelopment of domestic

E;t}*{;(" i?}f{)ﬂt :

ond to the United

it m‘@}f’ctirsz“-« that s

roVemnmond
1

CCrOnIc engineers

=>-m§ 4 sufz‘hm > other engineers in 2006,
bridge this gap through a proposed series of initiatives.
- Allecation of extra funds to support in-company fraining for bridging existing

knowledge or skl
gualifications. .

Encouraging the universities to take a more inter-disciphinary approach o prepare
graduates for employment in the techoology sector.

Increasing educational opportunities for women and disadvantaged groups.
Implementing a revised imnugration policy allowing colleges to recruit overseas
students to ill unused slots n technology programs.

gaps and permutting worker a& ancement to the next e w,i of

ni of Commercs
Techuology Administration, Office of Technology Policy
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Compound Ansual
Industry Number L Growih Rate

1956-1 1994~
1954 1994 2001 2603 1994 1 2061

Software Publishers 98t 1368 1 2684

6% 1IN

., Hosting and Related &

2269 368

¢ E roviders and Web Sear

irn and Related &

Professional IT Decupational Employment—CGccupational Employment Survey
(in thousands}

1949 2000 20301 2002
Computer and information Scientis 26,28 25,800 24,410
Computer Programinets . 525,600 530,726 3 457,320
Computer Software Enginesrs, App 287 500 374640 356, 76¢
Cormputer Software Engineers, Svstems Software 209 030 264610 255,040

~ompuier Supporn Specialists 452 84 522,574 493,240 478 560

Computer Systems Analysis 428210 453,300 448 270 467 750

Oatabase Adminisirators 101,460 108,600 104,250 102 080
Hatwork ar fi (‘c«mp'sfer Systems Administiatons 2048808 234,040 227 Bal 237 560
rletwork Systems and Data Communications

Spalyats R e 98 .33 118,228 126,061

Computar and Infornation Systems Managers 283,820 283,480 267,31

TOTAL 7 347 030 7642 810

3CUICR.

Table 2 - Professional IT Occupational Employment
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2682 Average annual cost {USS)
Location

Silicon Valley 300,000 "
Canada 150,000 4
Ireland 75,000

Taiwan < 60,000
South Korea

hina

emiconduciors & Relaled Devices (NAICS 3344143}

¥

Employment, 18980-2003, not seasonally adjusted

o
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