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Quoted from Bill Joyce, CEO of Hercules and previously CEO of Unit Carbide



Catalytic Effects of Internet in
Enhancing Knowledge Acquisition
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Crisis and Opportunity.... JI
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HISTORICAL - Civil War to the 1970s
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HISTORICAL - 1930's to 70’s
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The Rise of the "Superpowers”
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HISTORICAL - since 70's
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Last 50 years .. The engineering Spirit
of Innovation Shines!

Sputnik’s launch (1957)

Lasers (1958)

Silicon single crystals (1960)
Man landing on the moon (1969)
Soft contact lenses (1972)

CAT scan (1972) and MRI (1981)
PCs introduced (1981)

World Wide Web (1991)

End of cold war in 1989



Table |. World Population and U.S.
Statistics Comparing 1957 with 2003

1957 2003 X-fold
(billion) (billion) Increase

World Population 2.88  6.31 2.19
U.S. Population 0172 0.290 1.68
U.S. Federal Spending 76.58 2,158  28.18
U.S. Federal Debt 2723 6,783 2491
U.S. GDP* 461 10,961 23.77

*GDP = gross domestic product
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Yet... 2007 data ... the world is spending $2.5
billion a day to defend each from each other !
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Population ( in Billions)
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Reality Check

If the world condensed to 100 people:
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Present Issues & Threats
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R&D investments by U.S. based firms
in China grew from

$5 million in 1994
$506 million 2000

Multi-national companies are establishing
over 200 new R&D laboratories a year in China
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Sources: International Monetary Fund: World Economic Outlook
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Europe’s Lisbon Agenda
%( ( % T"the
most competitive and dynamic
knowledge-based economy in
the world by 2010."
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BACHELOR'S DEGREES
Awarded by Institutions of Higher Learning

Electrical Engineering
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PERCENT OF TOTAL BACHELOR'S
DEGREES GRANTED THAT ARE IN
ENGINEERING
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GLOBAL CONTEXT:
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U.S. STAGNANT, EUROPE
AND ASTA SURGE

Figure 2-33.

Doctoral NS&E degrees in the United States,
Europe, and Asia: 1975-99

Mumber of degrees

26,000

20,000

15,000

10,000

-
- T
-
E.m -
-
-
-

$% &

0
1975 1978 1981 1984
X

1987 1990 1983 1996

1999



ENGINEERING DEGREES
GRANTED BY COUNTRY, 2002
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U.S. GRADUATE INSTITUTIONS: FOREIGN
STUDENTS OUTNUMBER U.S. STUDENTS

— U.S.Students  — Foreign Students

90,000

£ 60,000
3
p=
oy
E

f-é 30,000
Z

0

1980 1984 1988 1992 1996 2000

Source: National Science Foundation, Graduate Students and Postdoctorates in Science and Engineering: Fall 2001, Tables 8-5.
Compiled by the APS Office of FPublic Affairs.



ASIAN PHD. STUDENTS ARE
STAYING AT HOME (1986-99)

Chinese South Korean Taiwanese
— Chinese Universities — South Korean Universities — Taiwanese Universities
- U.S. Universities — U.S. Universities — [U.S. Universities
7,500 2,500 1,500
5,625 1,875 1,125
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Source: National Sdence Foundation, Seience and Engineering Indicators 2002, Appendix Table 2-41.
Adapted from Diana Hicks, “Asian countries strengthen their research,” Issues in Science and Technology, Summer 2004,
Compiled by the AFPS Office of Public Affairs.



MEAN SCORES IN SCIENCE FOR
VARIOUS REGIONS OF THE WORLD

TABLE 2.2 PISA (Program for International Student Assessment) Mean Scores in
Science, 2003

Country Mean Score Country Mean Score
Finland 548 Poland 498
Japan 548 Slovak Republic 495
Hong Kong (China) 539 Iceland 495
Korea 538 United States 491
Liechtenstein 525 Austria 491
Australia 525 Russian Federation 489
Macao (China) 925 Latvia 489
Netherlands 524 Spain 487
Czech Republic 923 [taly 486
New Zealand 521 Norway 484
Canada 519 Luxembourg 483
Switzerland 513 Greece 481
France 911 Denmark 475
Belgium 509 Portugal 468
Sweden 506 Turkey 434
Ireland 505 Mexico 405
Hungary 503 Brazil 390
Germany 502

SOURCE: OECD, available at www.pisa.oecd.org.



Is there a correlation here ... Or not!
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Billion Dollars (constant Fr 2004 $)
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Trends in Federal Research by Discipline, FY 1970-2004

obligations In billions of constant FY 2004 dollars
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R&D EXPENDITURE AS % OF GDP
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S&E ARTICLES: U.S. ALREADY
PASSED BY WESTERN EUROPE, ASIA
RAPIDLY CLOSING

1988
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Source: National Science Foundation, Science and Engineering fndicafors 2004. A ppendix Table 5-35.
Compiled by the APS Office of Public Affairs.
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U.S. PATENT APPLICATIONS: FASTEST
GROWING ECONOMIES GAINING ON U.S.

RAPIDLY
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Source: National Science Foundation, Science and Engineering Indicators 2004, Appendix Table 611,

Compiled by the APS Office of Public Affairs



TOTAL R&D INVESTMENTS: FASTEST
GROWING ECONOMIES GAINING RAPIDLY
ON U.S.

1000 ! & United States

B Fastest Growing Economies

Fastest Growing Economies:

China, Ireland, Israel, Singapore,

South Korea, Taiwan

(India and Hong Kong data not

available)

Total Public and Private R&D Expenditures
g

(Billions of 1995 FPF Dollars, Logarithmic Scale)
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19495 1997 14944 2001 2003 2005 2007

Source: Orgardsation for Economic Cooperation and Developrnent, Marm Scien o and Brohrnology Idicators, May 2008,
Cormnpiled by the APS Office of Public Affairs



HIGH-TECH INDUSTRY EXPORTS:
U.S. LOSING WORLD SHARE
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Source: Mational Science Foundation, Science and Engineering ndicators 2004, Appendix Table 6-1
Cornpiled by the Assodation of American Universities



World of R&D 2005

Size of circle reflects relative amount of annual R&D spending by country noted.
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What R&D activities do you outsource?
36%

Technology support
Software development
Process development
Product development 55%
Design

Applied research 47%

Basic research I 23%

0 10 20 30 40 50 60
% Respondents

Source: R&D Magazine, Batielle

Has offshore R&D affected your U.S. R&D operations?

Addition to U.5. R&D budget 13%

20%

229
24%%
26%

Addition of telecom facilities

Training of U.S. staff

24/7 R&D project work

Closure of some U.S. facilities

Training of offshore staff

Reduction in U.S. R&D budget
Reduction in U.S. R&D staff
Reorganization of U.S. R&D 48%

Reduction of U.S. R&D staff and budget

52%

0 10 20 30 40 50 &0

% Respondents
Source: R&D Magazine, Baltelle



Why do you outsource your R&D?

Required to do business locally
Continuing support of infrastructure
Support host country's industry
Local incentives

Support local manufacturing

Take advantage of offshore academia
Take advantage of offshore facilities
Provide local technical support
Support new markets

Broaden technology base

Take advantage of offshore talent
Lower cost facilities/materials

Lower cost S&E talent

2.51
2.52
2.62
2.62
2.67
2.82
2.89

2.90
2.95
3.28
3.30
3.30
3.44
1.0 15 2.0 25 3.0 3.5 4.0

1 = Unimportant 5 = Very Important

Source; R&D \Magazine, Battelle
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POLYTECHNICIEN CONCEPT

0 !/ / %
! "destined to
form the elite of the nation and to
occupy high posts in the state”

6

From Samuel Florman,
Engineering and the Concept of the Elite



U.S. Migration to a Services-Led Economy
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T-shaped

Service scientists are both broad and deep
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Engineering Bachelors students are going into
high paying service industry jobs

1/12 S&E doctoral
3/12 S&E masters
% pursue more 1/3 Prof (Bus, Law, Med)
education 1/3 Other non-S&E degree
S&E Bachelors

1/3 Managers
%2 pursue jobs
leading to...

1/3 Sales

1/12 K-12 Educators
1/12 Healthcare

1/12 Gov & social service

1/24 Communication/Art
1/24 Operate tech

Based on Regets, NSF (2006), “What do people do after
eaming a science and engineering bachelor’s degree?”
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FIVE SOCIETAL TOPICAL AREAS

Energy Resources/Energy Storage

Transportation
Sustainable Construction Materials
Packaging Materials/Recycling

Biomaterials and Health
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Trends in Engineering Education

R 19th century and first half of the 20th
century:

R Second half of the 20th century:

R The 21st century:
N




Attributes of the Engineer
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The Entrepreneurial Engineer of the 21st Century

Knows everything T % ( !
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WPI Approach

Undergraduate
9% I % (liberal studies)
NV | < (social studies)
« U I < (senior thesis)

Graduate
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INDUSTRIAL INTERNSHIPS
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Prof. Sisson - Advisor



Prof. Rong - Advisor



WPI G/lobal Perspective Program
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Society/Technology Senior Design/Research

Projects
Nancy, France

Melbourne, Australia Limerick, Ireland
San Jose, Costa Rica Venice, Italy
Copenhagen, Denmark Kyoto, Japan
Venice, Italy Wuhan, PRC
Windhoek, Namibia London, UK

Hong Kong, PRC N
Cape Town, South Africa flumanities and Arts

Bangkok, Thailand

London, UK Ifrane, Morocco
London, UK
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China Growing Its R&D Investment
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INNOVATION IS KEY

‘Research %
% I - & )
Innovation %
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"The empires of the
futures
are the empires of the
mind.”



