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Overview 
Going' Global: Lessons From Five Sectors 

. I~ there 'any cause for concern about the nation. s capacity for continued innovati·on at a time ~·hen 
' the United States, is so strong economically and technologically? The answer from a hundred heads 
of R&p ai companies. uni\:ersities and national laboratories repre.senting over $70 billion in R&D is 
a resoundine ··yes.:· ..... ·•, 

The Council"$ survey of executives in the health. information technology, advanced materials. 
automotive and e·xpress package t~ansp~rt sectors conveys a clear and consistent message. Every 
company ranks .the capacity to inrtovate_:_the transformatiort of knowledge and ideas into . new 
products. processes and .services-as a ·top priority. Innovative capacity plays a dominant. and 
probably decisi~.e, r9le in determining who will prosper in the global arena: For companies. 
inriovation creates strategic market advantage in a fiercely competitive economic environment. For 
countries. the ability to leverage innovation not only to achieve national goals (improved security, 
health, and en~irorum!nt) but to incre.ase. productivity and anract investment from an array of global 
sources is the. key to continuous improvements in the standard .of living and quality of life. 

Iri no sector i~>.t~ere an' im~·ediat~ threat . to .U.S. ,leadership, but neither, according to these 
executives:·is there anyroom for complacency. They. are profoun~ly concerned that the unique set of 
conditions that propelled the United States to a positiqn of world leadership may not be sufficient to 
keep us th~re .. · · · · · 

The New Shape of Global Innovation 
Global change brings .tremendous challenges as well as opportumties. Changes in the global 
~nvironment profoundly_ affect the way ~ompanies compete and how countries capture economic 
wealth. 

A New··wave . of Competition: Not so very long ago. it was nearly axiomatic that the 
. industrialized world innovated while less industrialized countries supplied raw materiaL lower cost 

labor and· low-end manufacturing. But, developing economies have learned a fundamental lesson-a 
model they have seen-at work in the United States for a half-century and more: Investment in people. 
re~earch .and technology along with an innovation-friendly environment pays off in economic grov.th 
and higher-wage 'jobs. Some have already made the transition from imitator to innovator-and -are 
demonstrating their new status in the U.S. patent system. From a negligible patent position in 1982, 
South Korea has. increased its patents by 40.000 percent, surp~ssing the United Kingdom in its 
presence in the D.'s. patent system.and edging up on Germany. Others. such as Singapo-re. Malaysia 
and H~ng Kong,. haye propelled. themselves into a fast follower position <l!ld are capturing 
dov.nstrearn jobs _and wealth from innovative activity in the United States. · 

The Pace of Technology Churn: The line between global leader and also-ran has gonen 
\·ery thin. The technology cycle times, particularly in information technologies, are so rapid that few 
industry executives are complacent about sustaining leadership. The rapid chum rate has a couple of 
implications for the United States. First. countries are leapfrogging generations of technology within 
the span of a single decade. Ten years ago. few Americans had ever heard of Bangalore. India. now a 
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magnet for software investment. Taiwan figured prominently as a national security con~em. no
1
} a~ · 

economic competitor. 'seco.nd. the pace oftechnological change provides ever more frequent ent~ . 
opportunities. fon competitors: Leadership" can· shift within· a -fev.- generation's. <illd-especiall~· in 
infotech~a generation can be as· little as' 2~3 years. Finall)'. \vith product cycles ranging t}orh 
months ~~6 a fev• ~ear~. it is ~ncreasin~ly; difficult for ·cohipanies to ~all_ocate :111o~ey to. longe~:-tfrrp 
R&D that may .. not,fit mto a prod_uct wmdow. Most R&D managers are mv~stmg m research w1tV ap 
eye. on the bonomline. but more than a handful wonders .from where. the next generation. df 
bre~through technologies will come. . . . .· . . > . ' . . ~. r; 

. . . l! 1, 

Gl()~·~_liz~tion ·of l':lves~ment Choices: ·information_ .t~chnology is :cha_ngi~g th~ . 1r·~~- ~­
everythmg IS done and. more Importantly- for the U.S .. where It can be done: The revolution ·1p . · · • .. 

'communications a~d information technology affords· companies the ability to locate their we&lth­
creating in:yestments wherever the markets offer the_ greates~ op.portunitie·s ~d le~erageian'd 

. without losing the cohesiveness of corporate strategy and.communications. It is creating ·real·ch~ic~s 
for companies about where io invest. · · j . :' 

·Global Availability of Human· Talent: In ·ihe :pa~t, <~orke~s :in th~.- dev~loped lJd' .. 
developing world didn't compete head-to~head. In a globaliz~'d economy, workers must .dirdctly 
compete not only on cost and productivity grounds, but in creativit);.and competenc~. as·weH: Irl the 
knowledge-based ~cono~y, individuaLcorporate and natioria!.co~petitive~ess·wil~ re,quire b~t? !per 
and more extensive. skill sets than have ever been required m the past With th~ ability to 
manufacture anywhere in the wqrld and sell .it 'anywhere-else. companies ar~:investing wherever ~hdy. 
find the best talent pool-and high. quality talent pools are av'aihlb.le globalfy. Th~ educationljan1d 
training of Americ~ workers at all levels .is one of the top priorities_ and chief sou~ces of conce7 i:~ 
every sector. . . .: . · . . . . ·. i !· 

' ) . . . ' ~ 

Globalization of Demand: For years, the sheer siz~ of our market and the·s~phis'ticati~n df 
consumer demand made the U.S.· the launch market of choice for most hi-tech prqduc'ts-andl tHe .. 
side benefits were enormous. Research, design. engineering and production teams tended to cl&st~r ·. 
in the United States as paJ1 of a first~market laUnch: strategy: Bui;'globalization of demand~ h4.s. 
evened out the playing field. Today, the fastest growing markets are. over.seas, and regiO'nal econdmic 
allian~es. offer just as. attractive launch enviro~ents, ~hese days, pr_oduct~ are launched globally

1
!1
1 ~d 

almost simultaneously. Although the U.S. will always be an attractive market for new products, the 
_need to position scientific and engineering talent here ·versus some other big Iaurich m'arket is jt,Ist nbt 
as comp_elling: :· . . . ' . '. . . ' . . II ! .. 

Globalization of Research: It is tempting to. believe that the U.S. is the default locatiJ f~r 
all the best investments in fronti~r research and te~¥olbg~~ Unfortu~atel~: thafs n~ longertrn,e~ ~e. 
hold an enormous stock of past mvestment, by foreign as .well as domestic companies. that wi11

11
fu7! 

innovation here for years. to come. But, a growing percentage of new R&D investments is going 
overseas for multiple reasons: to follow manufacturing, to provide full service operations to. rrlaj6r 
customers overseas. to pay the entry·price for. market access. to benefit 'from an array of incenriv¢s · 

and · iilx ·credits. ~d lo take adv~tage .·of niche areas of competence.'. ne':"·_' ideas jl
1 ~d 

' I . ' 
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pools of talent. \:o one foresees a~'v,:hol~sale sh.ift ofresearch outside lhe United States. b~t it i.s 
becomim?. clear that R&D Investments at the mar11:in are going offshore.· 

._ .. .... -
Impact of the End of the Cold .War Era on Innovation: The lo~s ofurgency.ofthe · 
Cold War mission has affected both the quantity of funding and the cuning-edge quality of a large 
portion of the public research investment in the United States.'. Technology base ·funding by the · 
Department of Defense .Woo') is· reaching a 35-year low. For universities. cutbacks· in defense 
sp~nding have resulted. in a de facto reallocaiion of funding_ away from the physical sciences and 
engineering-and shifted the focus ofdefense research away from the frontiers of knowledge-creation 
to more applied efforts. ·When DoD investments were pushing out the· boundaries of the possible: 
universities could more easily attract the best ~d brightest scientific talent despite the salary 

. premium in industry. For companies,-defense procurements created first-buyer assurancesat:virtually 
any unit cost. encouraging them to take technol·ogy and investment risks that_ neither their 
management nor the capital markets would otherwise have supported. Defense fingerprints are all 
over many of the advanced technologies that have shaped the lanerhalf ofthe 20th ~entury. Although 
defense spending is clearly not the only viable mechanislll to support frontier research arid advanced 
technology. the United States h~ yet to find an alternative innov'ation paradigm to replace it. 

Taken .together. these· changes are shaping a. new and more competiti-ve global environment for 
innovation. The United States remains · .. the :world's innovation powerhouse,· bringing a unique 
combination of strengths to the table: the excellence of_ its R&D enterprise_. a risk-taking 
entrepreneurial culture •. efficient capital networks, and strong consumer demand for new. products 
ahd services. But globalization. is leveling the playing field,. changing the rules. of international 
competitiveness. and collapsing the margins of technological leadership. Our members are· not · 
convinced that the United States is preparing for success in a world in which many more countries 
will acquire a capacity to innovate. · · · 

,. Sources of Innovative Advantage: Sector Snapshots 
The Council's R&D Advisory Committee examined global developments in five· industry sectors 
with a view towards current competitiveness trends, innovation needs and 'priorities. and strengths 
and weaknesses in the U.S. eiwironment for innovation. One of the c~cial lessons 'learned is that 
there is no ··orie-size-fits-all" approach to innovation. J;:ach industry. indeed _each company. draws on 
the national platform in different ways to meet different needs. How they innovate ·largely 
determines _what_ their national priorities are .. ·, · .. , 

Innovation in health· and advanced mater:ials .. is intimately -linked to improvements in basic 
. science. It's no accident that their chief. concerns'·center; ~OU!ld the ~vailabili~y and adequacy of 
support for research. ~esearch equipment and research talent___.:.and the sector executives see problems 
errierging in the u:s. r_ese~ch enterprise·. ., ·. · 

Federal s~ppor:t for basic researc~ i~- clearly.~ priority conce~. Th_e percentage increase in funding 
for university research in the physical scjences (chemistry and physics) has been lower than in any 
other discipline by a considerable margi.n. In the bener-funded life sciences; there are still early 
warning signs that changes in health care delivery are choking off funding for clinical research··at 

. academic medical centers, traditio.n~Ily one of the most vibrapt centers for innovation in . . .·' . ' . ' '•" . . . . 

3 
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. . . . . . . Study Approach . . . . . ·. . · ~ \ 

Step One: William Hambrecht. president of W.R. Hambrecht & Co .. LLC. William Steere. chainna~ of Pfizer l,f1c. 
. . . . ' ' " . 

and William Brody. pr_esident of Johns Hopkins·University. fonned a Global R&D Advisory Com_minee~ngagjng 
. . . ' •' .. . ' : \ . . ' . ' . . . . . ·~· ; ' . . jl 

research ~xecuti\·es at_ !~adingcom~anie~. unive~s.it_iesa~d nationaiiabor~tories to advise ~nd guide theproJeCt. fi . \: 

· Step Two: The Advisor:·'.'comminee examined curr~nt deyelepments and R&D tre~ds in five sectors..:_Hieal.th, 
infonnation technologies. advanced materials. autom~tive and express package transport and logistics. Mem~~rslof 
the Advisory Committee took, leadership of individual . sectors and helped identify other key o~ganiz~bohs . 

. government agencies and COJT1panies to pilrticipatt! in the seclcir work. ' Advisors were selected for each sec~orl'cto 
guide the research. . . ·' ' . . . · \ i' 

Step ~Th~ee: Exec.utives particip,ating. in the sector srudi~s .~ompl~tec a three-part inte~iew ·template that. ~ski~d . 
respondents to: . . . . . , . . . .. . . 1\ t 

· 'I..· Descriqe where they invested their R&D dollars. what kind of R&D ~as perfonned there, and 1what 
. . . attracted their iiwestmenis offshore;. . . . . . ' ! . 

• •.,: ' . >, 

2. Rank the countrie~:·il}. which they p~rfor'med R&D according to '10-15 chara'dte~istid, includink th~ 
· :_· . . , ~~alityofthe workforc~, t:he caliber ~-f researcH 'u.~iversities; the regulatory_ enviro_n~_ent_, etc

1

.; a~d ~ 1

\; 

3 .· Ev~luate what the United States. should be doing to improve the environmeilt for 'inno~-~tion at-home1J I 

. ': . ·. ·.; ;.· ' ' ' ' ·, ,. - ;, ,. '. . ' ' . ·. ' . . . ' ' .. \1' ;: . 

. ~tep· F'our:. Th~ sc;:ctor advisors· ~eviewed pub!ished materials and d~ta from ~ varietY_ ofsour~es ~6 undersJa~d 
trends. &~:velopments': and issues and tq obtain objec~i-ve infonriation on specific aspects of the se_ctor. sucp ~s 

inve~tment patterns and innovative <?Utput. . . . . jl 1 

' . . . ,, " ~ l 
Step Five: Study fi!ldings are synthesized and ~·irculated am~ng.participants in each of the sectors for critiquel'land 
'review of findings and recommendations. · ·. ', 

:.' 'I I· 
. ·. I; 

-~~al~h ~ar~: Jni·versities··are.'f~e;i~g·t~e,pin~h of~rising laborat~ry c.osts; funding for.state-of-th!!-art \ \. 

equipment has not kept pace, particul~ly for inforinatio"q·tec~ologi~s th~i have becodte the basis Jf i 
· · ' m~dem rese~c_h. · · ~ . . . ·• . . . . . ~ :: 

, . . ' ' . ll l 

,Problem? in the. people'-pip~lin~s worry th~ executives as well. Whe~ .. funding for graduate researcfh It 

fellOWS~ipS and CUtting-edge.research grOWS t~ght, it getS even harder tO attraCt the beSt ffiindS.aW~Y I 

from Other Career· pathS. The number Of graduate StUdentS in the physical SCienceS and engineeridg I' 

· · has' been static· or-decliriirig f9r the p~st decade:· Shortages 'of clinical. investigators have been a long-
.·. . temi. problem for biomedical :reseMch. University and industry ·executives ···alike believe· that th1~ 

l!?i_ted 'st~tes h~ ~ relatively narrow winqow in ~hich ·to address a ~oot cause of the problem: ~ 
falimg .K-12 system .that not only precludes a sctence track for many. U.S. students; but barely :~ 

_achieves th: ~inim~_go~ls ~fl~t~~~CJ: ~d ~umer~C:y:··· , . ·. . : ..... ··. · ·;· . , ~ \ 

. Pr~ximlty io. the . best" ~ci~nce' iri many field~ mattep( to 'c~mpanies: ·M~ch of their. breakthrougA \: 
. research1

, is clustered in 'thd United Stittes~:·Because innovation occurs most often at' the interfac£ 
between' disciplines. te~hnologies~ and sectors~. they. ·stress the need for' teaming internally. and fo~ :. 
mUlti- lll)d mterdisciplin~ program~ at unive~sities. which ihey see as largelY 

0

lacking today: This il 
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.. particularly true for adYanced materials ~·here bi~logy and chemistry departments and chemistry and 
.. . chemical engineering .. departments remain worlds' apart. . . . . 

. Pann.erships: particularly with universities. a!~ ~other' key dement of the . i'nn.ovation paradigm. 
~lari.y company_ executives see potential dangers in. the trend towards exclusive licensing of patented 
university. rese~ch. In th~ ·health care field. exclusive licensing of genetic information. if access is 
denied or prohibitively expensive. is seen .as potentially the greates~ single threat to advances in 

·fundamental understanding. In advapced materials and .other sectors. industry executives are 
concerned 'that patenting practices could compromise the open and free exchange of basic research · 

.. i~fo.rmatl~n. a hallmark of strength in the U.S. university system. 

Heavy ·R&D spenders t~em.selves, the companies emphasize national policies that bolster their 
. investments: stability· and better. coverage. of .research· tax credits and global ·protection for the· 
intellectual property they generate. ... . ''·'· 

· For the. hardware, electronics and communications parts of the infotech· sector. enabling 
techllologies and applied research. are. the more critical element of the innovation process. (This 
should not imply that underlying science is not important, only that the linkage to new products and 
sen.'!~es ·is less direct.) For these industri.es, the inriovation challenge lies in marr}ring technological 
leadership with rapid product deployment. The global competition in infotech is getting stronger-in . 
some cases, inuch :stronger. Although most .companies· take advantage of improving competencies 
overseas in establishing, world-wide networks-for research arid manufacturing, their core strategic 
technologies__:.the ones that give the United· States an edge in infotech-are clustered here. Staying 
ahead of the competition hinges on four key capabilities: 

.. • · sustained research int~ breakthro~gh technologies 
• . (asf diffusion of information through partnerships and strategic alliances · · 
• ·a cadre of people trained in product realization 
• rapid deploymettt ofcompetitively priced products. 

Public' investment. in breakthrough technologies is often critical in bridging the gap between 
scientific kflowledge and technology appliCation. The pace qf technology churn is so rapid .that· 
company research tends to focus on relatively ,short-tem1 windows of opportunity. Advances in 
science ·can be years and ~undreds of millions of dollars away from viable technology. Although 
~ustained investment in enabling technology ·is increasingly important, government funding sour~es. 

··particularly at the federal level, are leery ofsupporting such research for fear ofcrossing a line into 
industrial policy. Concerns that .federal support. for applied research and enabling technologies 

· .constitute corporate welfare may be misplaced. Our findings suggest that the closer the technology· 
· comes t~ being product-ready, the more likely the. companies are to eschew operi collaboration and 
.. bring the research in-house for development. 

·Fast diffusion of information through publi~-private partnerships and strategic alliances turbocharges 
the learning process-:-and differentiated rates of learning separate the leaders in innovation from the 
rest of the ~·or! d. Simplifying the partnering pro·cess, paitkuiarly with universities, is a key concern 
for larger companies: One. electronics executive ·reports that, given the complexity of intellectual 
property arrangements. the company's preference is simply to hire talented professors away from the 
universities. Smaller and medium~sized companies find it difficult to establish research linkages with 
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uni\ ersities at alL effect!\ el::. closing_ off an tmportant channel of mfonnation· diffu';:;ion to one·qt t~e 
most fertile grounds for innovation.· ·· · .' · .. _ .· · · · .., · · · ··" . . .: . ~ i . 

The' pace of p~oduct deployment is~n~the;· integr~l :·e;errk~t of th~ inn~~ati~n :proc~-~s tor .info~ec~ .... ; 
, painfuFlesson of the _I98.0s was ·that being the -first mover was· sc.ant protection· ag~i'nst fast folloJer~, 
Tqe abi~it)· of the compe'tition to repli~a~e our technoldg{ even atthe._state-of-the-art. me(l11S th_at~thf' 

· prodyctt()n process must b~ as sophisti~ated_ as the ·pr?duct technolog_Y·. The pa~e and __ qual~t1l of 
product deployment can be mfluenced by national support for res_earch m productiOn engmeenng--J, 
an area in which the !Jnited States has :historically underinvested...:_~d a cadre of peopl~ trained in 
product realization: The companies themselves have ·taken the- ·lead. al~ng ·with the NSF.\\ in .. 
establishine the first center for trainine and research into product realization;- b'ut look to a time w~erl' ' 
pr~duct de~elopm~nt becoines an mtegr~l pan of the cor~ cumcul~ atr~~e3r;h ~~ ve;suies · . \ ) • 

Innovation m software. bv contrast- tends to be almost exdusivelv tied to the creatiVItv of the 
workforce and the ability ;f comjJarii~s ,to attract the best talent.;.-[be .principal ccincem~ of the' 

. . . . ' . . . . \1 

· companies are: ·. . , . ~ 

• .a.short~ge_ ofsoft~:are enginee~s_.an_d deCI_i~in~ ~nrollmentsin_computer sci~r:t~~ ._. . . . ·: .. )\ . ;, 
• the lack of network-based cumcula arumversiUes and excessively long lead.tlmes m g~nmg.ne,wl 

. " ~ . . • . . . ' . L. 

curricula approved (and in this rapidly changing -field. the education could be obsolete by the I 
. · ti_ine the new.~ourses ar~-app~o:~~)::: .'".· . · . ·. .· ~ . · ;' · · · ..• · · ·. .. . :_. -~ · 
• · ··m-your-face. goyernrnent pol~ci_es. th4;1t slow their time to market and- mterfere With their reward 

mechanismS . . . . . > : , • " . . ·· · . · . . .. . .. · . ·· ... ·.. ;' . . , . . l. 
Although 'software companies invest-heavily in R&D. tcyeir focus is more towardJhe "O:' side. This -;, 

·tends to create a gap in fundarne!)tal reseal:<;:h·, particularly in software productiyity. A.s demand 'fgr 1: 

·-_ information technology explodes and inf~rination ·networks grqw .. mqr~· coini)Iex_, :the -need fgr \l.• 

progress .. in automating the sof\ware pr~c~ss will be 'critical. Local labor markets cart never' keep u1~ , 

. with the groi1h in demand for software design~and an increasing ~ount of software dev~lopme.~t . l 
. ~is already going offshor~. Because adv~cements i~ software. productivity: would ·have· :multipl1~ · :. 

. appli~ations an~ users, this is Se~~ io be ~ ~~ttcal =:• for govemmentlrivesu,ent So~are · .· ..I ' 
The automobile mdustry has· some of the larg~st R&D spenders m the. world, but their mvestments , ;. 
are di_rect7d largely at integrating thousands of p'arts into-~ machine ~~t has tO. ~~art 9n the first t~ !' . 

. ·. every time. and·work reliably_ in every kind of weather and oyer most terrain. For t~e kinds o[ 
breakthrough research that promises to transform a· century-old technology (hybrid engines. fuel 

. 'ce,lls. 'eiectricpowered· vehicit:s): the. industry' relies oi1 governrnent research support and e~tensivJ1 
part~ershi~s V:i~h ~iversiti~s. an~ national la~oratories: The R~D tax ~r~~it is also ~ im,portan_f

1
\ 

consideration man mdustry mwh1ch the margms of profit per umt are shrinkmg onaverage. 3· 
. . . I I 

' ' ' .i l~._ 

·In the- fin~! analysis. the innovation drivers for the automotive industry have less to do with the
1 

. J, 
.. availability of cuning-e~ge ~esearch or talent~d people th~·wit~ local market ~-ondiiions (co~sumer \ 

preferences. transportation mfras~ructure, pnce of fuel) and ·the. legal and regulatory systems that 
govern safety, the environment an.d liability. The dilemrna.for the m~ufacturers is that the growth in · 
demand for fuel;efficient Or alternati_ve (\H~l vehicles is ml;li'nJyoverseas; to. pe players in the gJobiiJ 
n:tarket;. they must innovate. ·But. the lack of domestic demand· for advanced technology vehicles..:_ \ 

. . ~ 

. . . . . .·.. . ... . . . . : ... ' . . . . . .. . - . . ·t\· 
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and to th~ ~~xtent that fu~l ~fficiency and low· ·pollution are national obj~ctiyes. th~ lack ot 
Q.overrunent incentives to stimulate d~mand-'-is one of the larQest stumblinl! blocks to inno\·ation. .... . ' - ...... 

Theexpress'package· transport and' logistics business repres·e~ts the marriage of information 
technol·ogies (prin~ipally sensors. databases. and networks). electromechanical devices for materials· 
handling in both \·ehicles and facilities. and decision-support design and analysis tools. Although the 
industry is highly ~echnolog,y intensive. even-the most technically advanced'do linle research. The 
companies rely on the existing techn9logy base and add value through integrating, demonstrating 
and deployi!'lg these technologies. in complex- systems. Proximity to the right kinds of .enabling 
te~hnologies is a pl~s. but the companies shop globally for the best available technology. Their 
princip~l concerns involve the availability of skiiled people-,-ranging from workers \vith basic. skills 
to trained engi.neers-and the regulatory environment. particularly abroad, that limits market access. 

What Matters in Innovation 
If innovation were simply a matter of inspired genius occasionally fertilized by government funding: 
the challenge .. of .. building a national . innovation infrastructure would be relatively simple and 
straightforward. But executives from industry. universities and goveniment describe a far richer and 
more ·complex spectrum of innovation-enablers. The availability of human talent and cuning-edge 
research. the regulatqry. accounting. legal and capital conditions that facilitate the. transition from 
ideas into wealth-creating products and services. access to· international markets and protection for 
intellectual property that enable ir'mov~tors to ~apture the returns on their investments are all 
essential parts of the process .. Weakness in any c;:>f these elements diminishes the others and. indeed. 
the entire platform for innovatio~. 

''· 
The 'sector participants looked at what rnaners to their innovative capabilities and ~·here the .national 
platform for innovation is. falling. short. 

People Matter: Long-term success re_quires· access'.to the best· arid brightest globaily. Without 
people to create. apply and exploit new· ideas. there is no innovation process. Innovation demands 
not only a trained cadre of scientists and engineers to fuel the enterprise, but a literate and numerate 
population to run it. · · · 

.. I, 

The concerns: 
• · University and industry participants alike see· K-12 as a· flawed educational system; ,producing 

. too man)' high school graduates who cannot read or add. 
• Even our best students do not stack up well in international comparisons in math and science . 
• ' u.s.· students and teachers alike are not faniiiiar ..:no ugh with information tools' and technologies. 
• For fast moving fields. like computer sciences, university curricula cannot keep pace. By the 

time a new course is approved. typically over a couple ofyears, the technology base may have 
changed altogether, producing graduates with historical rather than current skill sets. 

• The number of college degrees in the physicai sciences and engineering has remained static or 
declined for a decade. while engineering .graduates have doubled in Europe and increased even 
faster in Asia over the same period. · · · 

• F or~ign students make up a majority enrollment in many :schools; but an: increasing number of 
foreign graduates are returning horne as viable employment opp-ortunities grow. 

7 
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• Re~tricti\ e in;imigratio.n la\vs m_ake it difficult tor universities and. companies alike to recrui,t t~e · 

· · best international tal_ent. and partici,llarly those Ph.D.· s that have received their degrees here.j[ :. 
• The scientist and engineering pppulation does not reflect t.he divers\tY of the population at lfUg:e. 

which threat~ns long-tenn publi< ·acceptance of the nee~ for· investment' in science and!. the 
replenishment C!f the science and engineering talent pool. ' . ' \1 :; 

' . ·' . .. .. ' . ' . . . ' ~ 1: 
Research Matters: For the past so years. most .if not alL of the .technological advanc~s nav;e 
been directly or indirectly linked to improve~ents' iri fundamental understanding. InvestmeJt i',n 
discovery research. creates the se.~dcom · for:.future:.'innovation: Government at all .levels is\\ th.~ . 
mainstay of the nation· s investment in science and engineering ·research and has the laboratory ·· 

infnistructure to. sustain .it. · . ·fi~· j ..... . ' ''' I I 
,,, ' 

The.concerns: . .· :·.: . . . . . .· ... , .. ~ .. ···.11. ;: 
~ . Industry research as a percentage of the·· national total IS nsmg, 'but the focus IS mcreasmgly 

s~ort~term. Companies, in the global environment, no longer support ·'innovation by wande~in~ 
ar~uh~. ·· Some. r~sea:ch executives believe that their· industries ·h,.ave gorie beyond· the .da~ge1; 
pomt m cutbacks m fundamental research.· .· . · · . . · · . · ~ :~ 

• ; Continued gro\\-th in federal support for university research is not asstired under the curleni 
. budeeq)lan. . . · . ·' · · . · · ... · .... .. · . · , . · .. ·. : · . . . · ij i ·· 

• · Age~cy-fund.ed research. with the exception,of NSF and NIH. at universities is getting ~lose1~ t<? 
. 'the .market leading to _concerns by both' uni,versities and companies about support for f~odber :·' 

. research. . . · _. . ·· . . . · . . · . . · . • · . ~ i : 
•· Changing agency missions have resulted in a de facto reallocation of research resources. crealing · 

... an unpl~e~ shift in funding for university res~ar~~ away from chemistry, physics~ mathema~ic'~: 
and engmeeru~g. . . .· . . · .. . · .. .·· j. ·. 

·• ·. St~itic or declining research funding slows the ava.ilability of graduate fellowships_:_and, heri~e: 
diminishes the future talent pool~ for the physical sciences ~d engineering. .·· ·· . · · \1 \: 

• The cost of modem laboratory facilities and information inf!astructure is increasing faster tHan; 
. ·· th.e ·s·ources ?f support. · :\. · .. . . , · · · ·. . .. . · ~ · :·. 

' . . ' ' . ' . 11 : 

·Partnerships Matter: .Both the cost and. complexity of th~ .innovation process have gre~py~ 
increasec:l. making closer collaboration among firms, universities and .govemmei:lt not just an option:· 
but a ~ecessity: In complex .technoiogies, innovation tends to occur at the· interfaces betw~en!1 

disciplines. technologi,es ·and industry sestors. · The·co~ntry. that. facilitates those linkages will·g~intl 
innovative advantages through quicker information diffusion andleveraged funding and risk. . ~ 

t • .:· 

·rhe concerns: '. 
. , . Ill . 

• Federal programs, li.ke the. Advanc·ed .Technology Program, which are as valuable for tJlej . 
linkages· they catalyze as for the seedcorn they provide, are still. contentious. issues in public !1. 

' ' ~ : ' 

.. pol icy. . . . . .- ~ 1, 
• The emphasis on pat~nting and li~ensing .. of university research· is creating frictions at the I 

i~terface of university-in4ustry. r~lationsqip~ . .' and potential conflicts. of. intere~t .. betwe~n i 
entrepreneurial and.more traditional university missions. . · .· .. )~ .; . 

• The la~k ~flinkage. betweenU11iversities·and stpall and medium-sized companies forecloses b! 
importahtchannel fo~ innovation. . ·'. \' 

I I 
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" Manufacturing Matters: \lanufacturing companies contribute nearly. 75 percent of tow.l 
' industn· R&D funding~a kev national asset~ Although hi2:h-tt~ch service sector R&D is increasing. 

. "' . .... " .... ..... . .... 
our limited sample in soft\vare and package transport indicates-that the sen·ice industries focus far on 
D&.D-de\·elopment and de'monstration-'--than they do on research. The U.S. investment in the 
.infrastructure that supports manufacturing has traditionally been much lower than in countries like 
Japan. \Vhere process sup~riority often compensates for superior tesearch :and technology. Since 
company research is often clustered near manufacturing operations. the potential glo~al dispers_ion of 
high-end manufacturing may ultimately diminish our. overall innovati,.:e capacity. ·· 

~ . : . . 

The concerns: 
• Manufacturing. particulady. in the automobile. chemicals and electronic~· sectors. is increasingly 

·global. Delinking U.S.-based research froiri manufacturing ultimately diminishes capabilities 
here because 'insight into process problems· is a critical component of resear_ch . 

. ~- ·The United States. has historically underihvested in the research infrastructure and trained 

". 
·workforce t~ support process technology and product realization. · 
S~ience and .engineering- departments are :almost always separated oh ~nivers'ity campuses, 
creating a _chas_m;brt\\·een,scientific breakthrough· and affordable deployment.' 

Regulatory .and. Legal, Frameworks. Matte.r: Cost and time-to-market are ·critical 
co_nsiderations for companies in an: intensely competitive global environment-and a country's legal 
~and regulatory system has a profound influence· on both. Getting· idea$ to market affordably is an 
integral part of the innovation process~ but the impaci on innovation is rarely one ·of the yardstick.s by 
which the regulations are assessed .. : 

. The concerns: 
• The U.S. regulatory environment in many areas is still geared toward heavy industry and focused 

on the U.S. competitive environment. In many areas, regulations have not kept pace with fast 
changing technologies or global . industries. The United States ranks . well below foreign 
competitors in comparative evaluations of national regulatory. environments. . 

• . Harmonization of· regulatory· requirements should be' a more visible government pnonty. 
Particularly in the health and automotive industri~s. it is needed to_ de~~ease costs and lower 
market barriers-abroad. ' 

• The lack of protection for proprietary data submitted to regulatory authorities in many parts of 
'the world raises the effective costs (by lowering the revenue stream) of investment in innoy.ation . 

. Capital Matters: The availability of patient. and affordable capital is quite simply the basic. fuel 
fo,r innovation. Low savings rates in the United States and high entitlement payments are continuing 
sources of concern. but a range of federal polici_es. ·affects the availability of funds for research: 
particularly for small companies . 

The concerns: 
• Small innovative companies. particularly in the advanced materia~s sector, have difficulty finding 

early stage capital. 
• Government'funding for the Small Business Inriovative Research program 1s uncertain and 

inconsistent. 
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-~· Gains in marke~ ~apitaii~ation in_the Unit.ed·States are·~omp~n~~ting for.underry,~g diffeifnJ'~s. 
,in the cost ~f c,apital :~~tem~~ior:.~l.l y. but .this may :~ot sur::·i ':e a'market· do\~-nturn.> · ··. · . ij : 

• Better research tax m~ent1ves are needed to bndge the gap between long developm~nn and 
.payback ·periOds and ·sfiort-terni fin,anCiai market demands. ' . ! [' 

' ~ I " ·conClusions . , ,. . .... . · · . f : 
.. , The platform for ;l)llOYation is one of pur most va; Uab le ~ and, least u'nderStoo~ ·~ .iatiOnal asSei;i It :is 

both t.he main dri.ver f?r ~nd principal drag on fut~e U.s ... competitiveness.' ~s. n:eas~red .. b~ t?e 
.. succe~s of U.S. companies, m ~he global economy and If!'lprovmg standards of l.IVIng tor·Amen~ans. 

1"he tth'te to bolste;6~strengths and ~hOre ~Pour weakn~s; tS no;,; ":he~ ili~ :2on0mY is strong!a91d 
our margm of lead!:!rShip IS .solid:: The global· environment that IS emergmg. ·IS likely to . qe 
unf<?~giving. 1'-Jeithet out, cap~biiity for .world •cl~ss 'science ·~nd; technoiogf nor' ou~ abilit~ ~0 
dominate i~temational rparkets is insulated frorri global competition .. Ifwe·.inadvertently allowjlkey 
parts qf our innova!ibn enterprise to 'erode, the· growing numbers of innovative competitors~ will! ndt 
b~ .slow t_o fill.the breach. Once lost; leadership will ncit ~be ·readil): or inexpensively ·recaptu~ed, if it 

· can be recaptured at alL · ,. ' . . . · · • · · · · ·' . . · 
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Health Care Innovation Is .Vital to Us All. 
. .. 

i\merica' s innovative leadership is nowhere more clearly represented than in health care, where the. 
benefits are immediate and tangible. Average U.S. life expectancy has increased from 49 to 75 yeaq 
since 1900 due to improved' public health measur~s, childhood immunizations .and better prevention .. 

· diagnosis and treatment of disease. ·overall mortality from heart disease, stroke and, recently, cancer has 
\ declined. while old killers such as TB have been greatly reduced (Chart 1 ). 1 Real progress has been made 

in treating HIV infection. Small pox has been eliminated from the world; polio may_ follow by 2000. The 
burdens of pain and disability have been eased, directly improving Jhe quality of life, not just its length.~ 

. ' '. . . . 

Better health has measurable economic benefits beyond the roughly $1 trillion the industry generates in 
economic growth. high wage jobs· and trade, It means greater productivity in a society based on human 
capital. Increased longevity itself has an enormous impact ori the economy. If life spans had not 
increased since 1900. the U.S. population would be about 135. million. Even assuming equal 
productivity per capita, US. GOP would be at half its current figure. Our society would be poorer 
literally and figuratively, without these advances. " 

Chart 1: 

New Medicines Have Played an Important Role in Tackling .Diseases 
Drop in Death Rate for Diseases Treate~ with Pharmaceuticals. 1965-1995 

Ellly w..cy DiM.- 80% I 
··~IC~·-~ic-.tlloMue ~--------75'.4 I 

---.-------·1 .. 68% ' .I r , ·1 
Hypert-.v.Hurt~ M67•.t., '. 

'b··· . ! .. 

. u- otSiomoc:hond o.-m -------011'4 · I 

i I' 

'En1>h- ---· 31% . I':. I ' 

·--.to;.... -----41%. 
Hyper!....,., ~, ~· ~~2~2'1Qi~ --"--,--JI-,-----'--__ 1 

30% 60% 90% 

Pen:ent Orop'in Death Riite 

Source: PhRMA. 1997. Based on Bpston Consulting Group (1'993) and the · 
U.S Sational Center for Health Statistics (/ 996r 
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A Never Ending War j- ., 

These gainS lllay now b~ thr<iatened not on!) by issueS facing the. reSear~li· ·i~frastru~i~ie ~~~ by ~eJ. 
medical c_hallenges arising in the U.S. and around the world. Driving these challenges ~!ar~ 
epidemiological and demographic forces outsi?e t~e co.~trol and scope o~ pol~cymakers:· _ .' . . I j' 

, I 

Aging of the population. The number of Americans aged 65 or older will expand from 12.5 percent 
of the population to 20 percent ~by 2025 as 76 million baby boomers reach n!tiremenr age. This caril b~­
expected t? .increase the proportion suffering· from diseases such as.Alzhelmer."s. cancer. heart disJ~s~ 

. and di_abete's: Moreover. the economic.· so<;:_i'al and environmental changes in emerging rriarkets jjare 
'producing a shift.ofdisease burden towards a mix much.more like that now in' the United States. fh~ 
World Bank predicts that.the.1990 world population ofpeople aged 65 and olderwill triple to 1.4 bill:ior1 
by 2030; 80 per~~nt of who~ will Jive in COUntries that are poor tpd~y ~ 3 _ 

1 

_ ; • ~ i: 

E~~rging infectious ~i~eases. The emerge~ce-of'~ew health threats, fro~ Hi~ and oth~r rece~tl~· 
recogniZ:ed viruses tO antibi'otic resistant bacteria, ate raising the po;sibility that the medical advance[ Ol 
this century could _now. be jeopardized. A recent study suggests thai infection as a cause of death in th~ 
D .s. ·actuallv increased between 1980 and 1992.4 o·isease does not stop at Am·erica · s borders nor are. w~ 
insulat~d fr~m the· horrible toll_ infectious arid ~ther diseas~s take· in d~velop!ng. coumrie·s. In

1 
art 

increasing!): global society. ,characterized by~ greater fre.edom of ·movement and . economic 
interdependency, epidemics and rising -disease. burdens in other regions can be expected to have ~eal 
impacts on' our economy and health.: . . . ' . . . ' . . . _· 1 ~-

.. , . . . . . '. . " . . ·;- ( ,. 

We ·are ~ngaged in a never;·ending wai on disease in which: the_ Urgets are sometimes elusive and alwh~· 
shifting. U~~ess methods of ~ise~se .. ~revention and healt}l treatment impr~:e, the security· or:, the -~ .Si: 

·and the ab1hty of the government to 1m prove the general welfare of the cltlzenry could be threaten'edi· 
Ironically, although the U.S. is the clear global leader in the biomedical research necessary to meet tHbs~. 
thre(,lts. e·m~rging vu'!nerabilities may weaken the lm\g-te~ capabilities for inno'i:ation at a critibi; 
juncture. ~-~ m·ay be in the _P:~cess of effe_ctively abdicatin~ leade~ship r~sponsibility, just when h~ 
needs are:nsmg and opportunltles ~or revolutiOnary ~ew therapies are mcreasmg. ·. · . II !: 

,w I · 

. :Key Findings and Recommendations 

Health Care innovatio~·ls Our Game to Lose · ... •.. . .· 

I· 
I 

. 'In heath care innovation, the U.S: is ~een as the clear global leader, but this position is based largely o~ 
~revious in\:.e~tment-c0d real c6~cems are bein~ voiced a?out the future. Fi~e ~ey ~h~mes an~ ar.easj(fo~ . 
reco,mmenqat10ns that emerged from the study_ are summarized here and detailed later!~ an action pia~. i 

1 .. Implement proposed' in~r~aseS:'in. federal funding for ~iomedical research ~nd ot~eJ 
.. basic sciences. . . . . . . . . . ... ' .. -_· . . .. ·. : . . . :. ~ !.· 

.. ... .. . . . ·. . . . . . . :. ,· . . . .. . ~ ·,. 

Basic research and education ha~e- been well supportedin health~related fields, but not at 'the levels 
required to .realize the potential ofeinerging scientific opportunities. Innovation in health care is dire~tl)i· 
li~ed _t.o ·s~staini~g. consistent (U1d: sufficient funding.~for. basic. res~arch opp_or:~n~ties, supporting lfh~ 
education and tra1mng of young researchers that ·power the system, and mamtammg an open systfni: 
capable of~nracting and retaining the world's best talent. Increasingly. inno:-·ation in health care is ~!so, 

. . ·. " . . . . .. . . ' !\ i. 
. . . . . . 2 : .· ' h I' 
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linked to b.asic research in.other fields ranging from ch~mistry, physics and-engineering to computer and 
materials s-ciences. . · 

2. Save Clinical Research .·· ' 

.The vibrancy of academic medical centers (AMCs) constitutes a unique strength and source of 
·momentum for health care innovation. But, ongoing changes in health delivery systems on. the private 
side (managed care_organi~tions) and potential changes on the public side.(e.g. Medicare reform) could 
profoundly affect the funding base for research at AMCs. Better financing mechanisms for clinical 
research and training and integration of private payers into the innovation system represent key targets of 
opportunity. 

3. Upgrade Physical and Information Infrastructure 

Investment in physical facilities and laboratory equipment at universities and medical centers has been 
inadequate, with increased pressures for cost~shanng coming at a time when the institutions are already 
financiaily pinched. Shortcomings in the IT infrastructUre and personnel threaten to slow the rate of 

_research, innovation and education necessary to improve health care. 

4. Improve Incentives for Innovation 

' . . . 

The capacity for. innovation can only be increased by addressing the discrepancies between Tising 
requirements and shortening time windows for recouping returns on investment through protecting 
intellectual 'property. promoting a level playing field for competition, increasing regulatory efficiency 
and providing tax incentives for research. Steps must be taken to (!nsure thanhe research and application 
of novel technologies is not constrained by patenting and exclusive licensing of basic research tools. 

5 .. Maintain public support for bi'omedical research 

A critical concern is to mai~tain support for research by encouraging informed debate and preserving the 
public· s trust and p'rotection while avoiding precipitous decisions that could damage legitimate research. 

The U.S. has grown a· complex e-cosystem for health care innovation over .. the past half century, 
nourished by generous financi~l and public support and guided by farsighted political. academic and 
business leadership. Like most ecosystems, weakness or .Joss in any component o~ the innovation web 
will have ripple effects thi:lt adversely affect the.others and the whole. The concerns raiseg by the study 
highlight key areas of vulnerability:. Given the iong time frames for health care innovation. we will have 
lost critical time and opportunities when these problems become .visible. 

In the· meantime. other regions of. the worid are not standing still. They recognize the ~;trateg:ic 
imp~rtance of the sector and are making rapid strides to improve their competitive positions. lri Europe. 
and the UK in particular, an emerging· venture capital community and biotechnology industry is 
beginning to_leverage historic scientific and technological strengths. Germany has great potential. Japan 
continues t~ m~~- · substantial investments· in biomedical research. China is acceler~ting towards 
competing in the global medical products market, while emerging Asian technological powers show real 
promise. The rapid diffusiof1 of info~ation and researchers in what has become a global health care 
innovation ecosystem guarani.ees ihat offshore co~petition \\'ill become m~~e i~portant in the future 

3 ,; . 
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_even as the acceferati~g pace of scientific change ~d expanding markets offers new opportunittesjl fo;r 
catch up. · . · , . . · · · . , , . : 1\. ;, 

. l', 

A Ne~ Vision for Health Care Innovation . . . · ! : 
. . ~ ' 

The. consequences Of noi addressing these· issues would be the loss of innovative capabilities at a crit:ica:1·· 
time in ·sc"iemific and societal transformation. The .world stands on the -thre.shold ·of a health -~are 
revoluti~n (Chart 2}.The new tool~ offered by innovatio~· represent the best WilY .to deal with loorrling 
health c~e· threats 'in this nation and around the world. Indeed. th~ possibility of missing this opportu~it~· 
is perliipsthe single strongestratioriale for action. · •: _ _ '' . · . ~ ; 

. Chart 2: · ~ 
Opportunities for Health Care lnnoyation 'Are Being Driven by Converging Forces l~!l f 
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Other nations· impro_ving research capabilities in he'alth care represent a win-win situation in' a worl~ in 
which exchange of information. ideas artdpeople means greater 'progre.ss for us all: The· U.S. rrlusf 
~aximize both· its. contribution arid· capa_city tO. capita~ize on the emer$jng global i~ovatibn. ecosys~ellf 
m health .care. Obstacles towards reachmg thts ·goal should not be a source of. dtscouragement but a 
context for prudent planning. We need to thirik proactively about creating a broader vi~ion to transfJm}·, 

···science·and our world: , ·· ·· I : 
I !, 

• -~ 

.. '·.· 

.. 

This new vision for innovation is based on a comprehensi\;e set of interlocking princ'iples: :, •: 
.. . ~; 

- .·. . . . ~ . . .· : . ~ . . . . ·... .. : .. .. . . i • :. . . ... , . . .. _. ; . . . . . ~< ·. . ·• . ·. . L 
• National and international security ·is deriyedriot only from military',_arid economic power. puf '· 

also from scientific and moral leadership.· Innovation in health care serves intemat~onal intere~tsi b~· 
promoting long-t.erm prosperi'ty and stability ~hro4ghout the :-vorl~ .. ·. : .· ·.. . . : · , · · J 

. ' ' ' . . •. ' -:;·· ~ ~· . !\ 

·t 
.·'· 

... ·- . ~· ' 

I. 
I 

. f 

''' 

• 1 
,\ 



i ' . 

• 

• 

.... 

• · Economic prosp~,ritY·: ~increasingly 'important cor()llary to national security·. is enhan.~ed by a 
··healthy and productive .\.\'orkforce:...:_both at home and abroad.. . . · · 

• Environmental sustainability is important to bener health: Emerging ~iotechnol_og)' applied to 
environmental. needs may of~~r new ways to deal with pr:essing problems~( such as managmg 
·pollution and improving agricultural technologies 

• ... Health care inriovati~n itself must be firmly. grounded in achieving ·affordable care and enhan~~d 
. qu.ality of life by offering peopl~.more and bener choices. The ultimate goals. remain the prevention 
and alleviation ofpairi. suffering and.disabilityalong w~th the restoration of~ope and health for all. 

Reaching this vision will require leadership, creativity and· investment. The growing public rec'ognition 
of the critical role a'nd scientific research, along with the need to ·back it up with adequate resources. is 
heartening. Translating this recognition into visi?n and action is the next crucial step. 

·' :· :;'· 
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Examining the. J~s!J~s 

Health care innova.tion . . mearis 
creating ·better tools-and_,, u,sing 

· th,em_-appropriateiy. · · .... · - ·. 

Health · · care innovation has tWo. 
. . · fu~dament~lly. different forms, botn of 
· · '":hich offer great opportunities:·~· 

' ~ '· . 

''·' 

• 
-; 

Product or ·technology in~ovation, 
such as ne~· medi~i'nes, V(l9Cine_s. 
therapies, diagnostic . techn9logies, and 
medical ·instruments · an~ devices. 
provides new tools for care givers and'· 
patients to use in both disease prevention. 
and health restoration, maintenance and 
improvement. 

• Process innovation . means doing' 
things differently. It i's best represented. ·. 
iri health care by· disease management, 
where clinical. care delivery . and 
organization · are systematically 
integrated. This care is . guided · by · 
evidence _of best clinical Ol1tCI)ri,1es·Jrom 
clinical trials.·. and enabled by using_ 
advanced. inforrriation systems. . Other · ·, . 

. important areas of process. innovation· 
include evaluation of health services and·· 
delivery .. 

Ultimately. these two types of innovation 
are synergistic. with new products. or uses of'> 
products . representing a· crucial part of the · _: : 
process ofreordering and improving health 

·· care. Both· ·are necessary if rising customer ·· .·· 
and societal demands for high quality care · _ ·: 
and value are to be met (Charts 3 and 4) .. 
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Chart 4: 

New Medicines and Vaccines Offer Better • 

. . Therapies for Patients . I . 
• New oral drugs, such as lipid-lowering agents for heart ·. 

patients with' elevated cholestero_l, selective serotonirl 
reuptake inhibitors fo.r depression and some other 
mimtal health conditions, and protease inhibitors-an 

I 

' .. 
important part of therapy for patients ~ith AIDS. 

,:_t • I 

New protein drugs, like erythropoeitin for anemia and 
interferons for. hepatitis and MS. . · · · · · 

M_ on.oclonal' anti.bodie~ have proved important-for the ~~ 
study, diagnosis and; in some cases, treatment of 

·illnesses. · \ 

, .. 
)i 
I. 

I . 

.. 
.. 

• · N~w and more effective vaccines have been based on 
recombinant DNA and new conjugation technologies. 
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Health care innovation is a complex 
process that relies on collaboration 
and · regular infusions from .basic 
research. 

The actual process of health care r~search 
and innovation is not a :predictable linear 
progression from knowledge to development 
and application. Rather, it is · an 

·unpredictable. iterative process characterized 
by experimentation,. feedback . and 
adjustment performed .by a variety of 
participants in many settings·(Chart 5). Each 
participant plays an important role. by ·adding 
pieces to the scientific puzzle; each has 

. interests _and objectives that .can. only· be 
accomplished by · establishing reciprocal 
relationships. with others. While many of . 
these participants may be located in' a region 
or nation, health care R&D is· increasingly 
globaL particularly on the industrial side. 

Collaborative exch~ge ·:of. information, 
people and resourc~s in a series of 

. partnerships is the hallmark of this process. 
Research . by Rebecca Henderson and Ian 
Cockburn at . MIT indicates · that the 
pharmaceutical firms 'most' connected. to 
public . research programs have the most 

·productive drug discovery efforts, as 
measured by the number of important 
patents.5 Work by Lou Galambos at Jo~s 
Hopkins and John . Sturchio at Merck 
supports this correlation between cross­
institutional collaboration and research 
productivity.b· At the international level, 
analysis · by· ·walter Kueinmerle at the 
Har>ard Business· School indicates. that 
cross-national · collaborations· are · 
increasinglv important. with~ European 
companies increasing their presence in the 
U.S. research environment to a greater 
degree than U.S. companies are expanding 

. abroad.' These collaborations _ultimately 
form a web of biomedical . innov~tion. a 
system where the total· 1s greater than the· 
sum of the pans. 
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. . Chart 5: 

A Complex Ecosystem of Players in Health Care 
··· · · Innovation Has Emerged 

,., . 
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·Converging· Revolutions _in ·Biology 
.-. , and. Information _:_Technology- will 

Transform Health Care. 

-.The· ;output· .of· this ·process : has never 
. ~pp·eared more- promising. ·Many diagnostic 
and therapeutic methods that have -rece'ntly 
been introduced ·or are und_er _·development . 
'W:ill substantially. improve c<ll-e (Chart 6) . 

. Mo~e important: fdvances in m_olecular 
. biology. coupled with advances _in physical 
sciences. computers and · information 
·te~hnology. have made the H~an Genome 
Projec_t a reaJity. By· mapping . and 

. 'sequencing the hutrtar{ and several othe~ 
.' org'anisms'_ .. gen_O'mes .'by . 2005; . _this 

revolutionary project will; p~ovide the basis 
·for: a more svstematic . and · furidamental 
understanding ;f biolog)· .. Deciphering ·the . 
meaning . of ·ihe genome is . a _ .. task of : 

,. erl'ormo~s. complexity that will require 
s.igriificant _further investment both_ In the ·, 

._·tools: themselves ·and in their applidation~: · 
· The template it-provides will be fle-shed out 
i~' thousands of specific research .p~ojects 

. over many years. Coupled with other 
· advances ·_ . in inoJecular · biology, 
_.pathophysiology and epidemiology. such 
understanding will pioneer bener methods to. 
~¢teet, treat and prevent illness: 

The drug : ·,discov~ry _ proc'ess, which 
· .incorporates. this informa~ion. is complex,· . 

integrative and 'increasing!~._ multi-·-
disciplinary (Chart 7). In addition to the 
biomedical-sciences, it relies on input from a 
\;ariet\' of . other' fields.,' ranging . from 
chemist!}·, phy,sics and computer sciences to·· 
engineering and materials. The emerging 
fi_eld of bioinforn1atics .. leve~ages . IT· 
advances · to_ turn infonnati.on · into 
understandi'ng; 'gene chips promise even . 
further iinprqvements: _ · 

A. simultaneous .revolution. m. clinical 
research will· use computers 'and)nformation' 
systems to analyze patient d~nabases and 

8 
·,··· .. ~· 

:.· ·. ~ ' .. · .. 

! ~:. 
. C~art 6: \\ : , 

Many Medicines and Vaccines Are Be'ing 
Developed for Both Children ~nd thef:Eiderly 
· · 1997, Medicines in Dev~lopment for Childre:n 1. 
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model .~ljnical· and.· economic impacts on 
'popul_ations: This ·wiil facilitate more 
rational and evidence-based ciinical 
decisions on· how best to use existing and 
new technologies. Every clinipl encounter 
could potentially become part of medical 
research. Informaiion technologies will also 
enable more. efficient . and rapid·. clinical 

trials, while hopefully ·speeding diffusion of · 
findi~gs and be.st practices ·to physicians and 
patients. Remote telemedicine is opening 
new avenues of clinical investigation and 
care. Finally. IT advances will facilitate the 
wide variety of collaboration~ upon which 
health care i~ufovation depends. 

Combining ·these product. and 
.. process innovations .will accomplish .. . 
: the goals of better health quality with· 
value. 

Such an approach plays to areas of U.S 
strengt~. Innovation represents the best way. 
to . overcome nsmg disease burdens .. 
Experience· suggests ·that' further· investment 

. in research and innovation produces high 
and increasingly positive rates of return iri 
terms of health benefits-particularly when· 
broad .~ocietal impacts, such as workplace 
productivity and spillover effects to other 
scientific fields and economic sectors, are 
considered. The unpalatable alternative is 

· for society to face the increasing. burdens of 
an aging population armed only with today' s 
medical tools. The long-term result would 
be . a stalled economy·· undermined .bY the 
need to devote increasing·~arginal resources 
to health care delivery .. 

This need not happen. New tools can and are 
being developed. The impact of this· 
century· s · advances · alone have been 
.enormous. Further. advances in molecular 
biology, genetics. engineering and other 
fields of science and technology. are opening 
new vistas of opportuni.!Y· · Collaboration·. 

· between biomedical and· physical. sciences 

9 

, · Chart 8: 

· Advances in Treating Illnesses Have Had·Large 
·· · Economic Benefits for Society 

• Current therapies f.or diabetic retinopathy. the leading 
cause of blindness ir:' the U.S. among patients aged 
20-71: $1.2~$1.6 billion in avoided disability costs· . 

• Treatment' of pediatric acute lymphocytic leukemia 
(ALL): .$1 billion due to restored lifetime earnin~s. 

• ·Peptic uleer disease curative eradication therapy for 
H. pylori: $760 million-in avoided treatment costs. · 

· • Estrogen replacement therapy deereasing hip· 
fradures in women:·$333 r:nillion due in part to 
avoided long-term care. · 

• Lithium for the treatm~nt of manic-depressive illness: 
estimated to have saved $7 billion/year since .intro in 
1970. . . . 

•· Conjugated hemophilu·s .B ·(H·i~) vaccine for two 
month-olds: $347-$462 million in avoided cases of 
infection annually. 

. Sources: HHS. Cost Savings Resulting from NIH Support. ~·d ed. 
Washington. D.C. 1993. The Ad Hoc Group for Medical Research 
Funding. T/:le National!n~titures of Health--A Resource Guide. 
Washington, D.C. 1997. · 

Chart 9: 

Government Saves Money with Health Care 
Innovation 

• Opportunities for cost-saving innovation in mental 
illness,estimated to result in $148 billion in annual 

. direct and indirect costs. are enormous. 
Schizophreniaaffects 5 million Americans and 
accounts for 25 percent of all federal disability · 
payments. · · 

• Today's improved medical care has resulted in 
. Medicare savings of between $180-$219'billion sinee 
1982, with as much as $25 billion estimated for 1995 
alone. .. ·. 

• Innovation has helped reduce the rate of chronic 
disability and institutionalization by almost 15 percent 
from 1982-1994, saving an estimated 2,:4 million 
patient yea·rs of institutional days costing $120 billion 
in 1997 dollars. · · · 

Sources: The Ad Hoc Group for Medical Re~earch Funding. The 
National Institutes of Healih--A Resource Guide. Washington, 

· D.C. 1997: Center for Demographic Studies. Duke University. 
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will not only provide, bener medicine?. it · ·• · ' · Chart 10: . ·' . . . . .· 1 '! 

: \viJI also create; new·v;ays of diagrio~ing<~nd Pharmaceutical C_ompany R&D Expenditures 
managing illness using imaging ·and gene ... ,. · · Have Grown ·Rapidly-with ·a Stable Portib~; 
testing -technoiogi~s able ·to. target clinic~! · ·.. «: .. ~. Conducted Ab~oad · .. · ~\ .. \' 
therapies for bener.results.. · . . \\ i 

.. , . · .• R&D Expenditures . · 1 · 1 

Health ~are': ·innovation .. n~t ';:·only·' l'eads to 
longer and healthier lives,· it · al~o 'l:>tings . . 

· substantial economic benefits (Charts. 8 · ahd: . 
·9. previous page}. Using new and bener ,:. 
therapies reduces the costs' of. illness 'and .·. 
expensive .. interventions·. Jike · surgery··' or .·• · 
hospitalization, which is· of direct int~rest to'·. 
patients, 'insurers. employers aS' \veil ~s the 
··g·overnment. Economic calCulations: do not 
inch.ide the-qualitative v~lue 'thatiridi\ridmiis 
and societ)· place on .. !cinger. ·healthier 'lives: 
Innovation.·_(llso give~ patients ·lkf~ro~iders 

. more choices. · · · · ·. · · · 

Where We Stand 

. Given · ·the importance · of ·health · tare 
innovation to so.ciety, \\·here doe:s the U.S. ' 
stand?. Sector study panicip~ts sa~· the· · 

·United .States as the 'clear global leader ·in 
the biomedical research and .. innovation 

· · proc-~sses ·so crucial to : achie'ving · bener ' 
health care (Chirr(ll).:'But.we didn't get. 
there. by luck . or accident. Our. current 
leadership position s'tems:' from across-the~: 
board · strengths ·in · all .. key in:novation·· · 

_elements: · . .-.,,·· 

-' · 1. · Excellenr researcher:s who pu_sh_ the 
· bou.ndaries of scienc(?. ·_. ·. _ 

2. Support for . :basic · biomedi~a/,, _and · 

(Ethlcai.Pharma.,' ~esearch-based Pharma. Compar:1ies. 1980-9,7) 
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_0Utstandirig : uni,·ersitieS. ··academic 
medical cenrers: r.esearch·instituies: and 
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· government and ·industry labQratories 
· rhar· 'corhbine -to 'form the ·research 
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-1 An entrepreneurial culture and ',narket­
oriented system which· facilitate the 
translation of scientific observations into 
prpducts. 

. Chart 12: 

Th·e United States Has the Highest Quality 
Health Care Scientists 

'5. A concerned and aware public that has 
strongly supported. bidmedical re;~a~ch. · 4 

408 

3.67. 

Sector participants ranked the United States 
vis-a-vis other countries on each of these 
elements. Collectively, the rankings enable 
-an overall assessment of the .climate for 
innovation and indicate that· while strengths 

·vary for some positions, the U.S. offers the 
most favorable overall environment for 
health care research. 

1. · Excellent researchers who push 
the boundaries of science. 

U:S. universities and research institutes 
historically have been able to attract train 
and· retain the best biomedical ·science 
students from around the world (Chart 12). 
Thev have been drawn here bv first-class . ., . . .. 

educational and research opportunities-a 
direct result of sustained support of rese~ch 
by government, uni~ersities: industry and . 
society. The.se students create the . pool of 
basic and 'Clinical researchers willing to take .. 
risks. Their ideas and findings· fuel the 
process of innovation ,in both academic and 

. industry settings, forming the basis of U.S. 
leadership in this field. However, sector 
study participants voi,ced real concerns that · 
support for training of both basic and 
clinical investigators is ·inadequate, while . 
declining research career opportunities are 
leading students and investigators to avoid 
or leave these fields. 

. 2. Support for basic biomedical and 
· clinical research and non-medical 

.basic resear~h. 
The federal governmern: s support for basic. 
biomedical research, principall): via the NIH 
and. NSF. lays the groundwork for health 
care innovation (Chart 13). Over 80 percent · 

II 

3.31 3.27 
306. 

3 

2 

0 

Source: Council on Competiti~e~ess and Prof. Walter Ku~mmerle. 
Harvard Business School. 1997 Survey. ·' 

. Chart 13: 

U;S. Biomedical Research Funding Comes from a 
· Variety of Sources 

Sources of U.S. Biomedical Research Funding,.1995 

Industry 
50% 

t .•' 

· · Non-Profits 
4% 

10% 

6%· 

So~rce: Barfield·. C. and Smith>B. The Fut~re of Biomedical ' 
. Research. 199.7. AEI Press. Chapter I. · 



of the 1997 ~IHbudgetof$12.7 billion \\·as 
· ~sed for investigator-initiated grants--'-pe~r -. 

reviewed' -~d·· competitively_· awai-'ded· ·to 
individual researchers.· :Pri vaie not-for~profit 
organizations, such as the Howard Hughes : · 

. Medical" Insti.tute, · are another important 
'funding source for. flexibfe, · investigate~- -· 
focused. long-term fesearch so neces~ary for 
high-risk. inn'o\:ative wo·rk.· State and·,IOcal · · 
governments have played .a vital .. role in,. 
supporting public . university Infrastructure. ·. 
U.S.-based pharmaceutic~! companies,· 
biotechriology ·firms and other subsidiaries 
spend more,on R&D as· a perceritage·of saJes · .. 

I. 
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RBD &pencltJ.res as a Percert. r:l SaleS · 

than any other industry,· and their total· 
investment 'has risen dramiiticallv'" ovei •'the 
past two 'de_cades (Chart 14), A relatively 
small part .of this industry _spending. supports .· 
'work in. academic~: settings through an 
increasing ·.-~umber . and diversity of 
partnerships an9 cbllaborations; most 
·industry spending is interna~. and focused on 
~pplied research and clinical development.. 

. . ' . ~ ' 
Source: Ph~. 1997. Based on d~ta from Annual Su~e>.· and Standard 8.: 

\\:bile. notim1. thes~ · strengths,, study 
p~icipants voiced serious c9ncerns ·about· 
inadequate levels of basic research funding , · 

· in · the · face of enormous opportunities:: · 
declining . non-biomedic;al basic ·research 
support, an'd the belief that industry. cannot 
and should not fill public fu~ding shortfalls 
for basic. research. · · · 

3. Outstanding_ .. ·;•·univel'$ities, 

. Poor's Compust~t (a division_ofMcGraw-Hill. 1997) ... - · ~ i · 
- - . . . . . . i' I 
. . . . . ' . . -- . - .. . . -· . . ' . . ~ 1

1

1 

·. ,: . 
.. · ,· . Chart 15:. . . If 

Excellent Academic Medical Centers Are c · 
-,~ :· _. -· · ··to: u~s.-· suCcess: ... 

~ ! .. 

4.5 
'j·. 

4 3~89 
. ~· ' 3.~ 

'' 

academic .•... rriedlcai . : centers; 3 
·,,,'1' 3 

_research· in~titutes, · -government- :-
and industry lab~ratories~ 

The U.S, university system bversees the 2 
education and training for future researchers. 
as. \vel!. as the conduct of basic research: 
Academic medicai ·centers associated with 
the medical schools of many of these leading 
universitie~ fill· teaching_ and· investigative 
roles while .also _providi'ng patient care.-:...:.·. 
creatin!! a critical .nexus between basic and. .... .. ' 

·clinical research'(Chart 15). They are NIH's. 
largest partri~r. _iri creating new knowledge . 

I~ 
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1_ 

USA. UK SMtzert..id , Fra--ce 
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Source: Council on !='ompetitiveness and Prof Walter K~emmerl. 
Harvard Busi.ness Schoo.!. -1997 Survey. 
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· Chart fs: 

· and receive about half of all NIH extramural 
... As Are 'St~ong National .Research Institutes 

funding. Government laboratories: including··.· 
5 

,.,_....:..:.:::.:;_ ___ ...,..-_______________ _, 

the NIH intramural research program, :are . 
able to conduct cuning-edg_e science thaf is 
unencumbered. by the many pressures ·and 4 
short timeframes. experienced . els~wher.e; . 
research institutes·. have a similar focus.~ .. 
These institutions :provide. the means to ·3 

develop talent and conduct research. 
spa\\ning. most of the new biotechnology · · 
firms that have been so important to U.S. 2 

leadership· (Chart 16). They ·also form a, . 
research network with industry counterpart. · · 

• I • • • ' ~ 

Deficienc}es in the underly)ng physical and · 
information technology . infrastructu~e. 
however, were reported to hamper research: · 

·While academic medical centers face severe 
. funding pressures in a changing health care· ... · ' 

system. ., 

4. An entrepreneurial cultur:-e . and 
market-oriented system. 

0 

..:. . 

3.78 3.71 

34 
3.26 

1.88 

U.S.A U.K Gemur'!)' . SW!!Zenll'lCI J_,..., 

Source: Council on Competitiveness and Prof. Walter Kuemmerle . 
Harvard Business School. 1997 Survey. · 
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Chart 17: 
The U.S. has a climate uniquely conducive 
to applying basic science to societal needs 
while creating economic value (Chart 17). 
Receptive .· fimincial markets · and · a .. :well­
d.evelope.d venture capital. community are . 

Investment Climate for Entrepreneurs Is Best in the 
United States · 

•' 
5.-~~----~--------------, 

4 

. critical · to providing the . means for 
translating' research into new firms .. and . 
products. A U.S. environment offering 
competitiOn and choice: along with. 
reasonable returns for risk taking. creates the · · 3 

engine for innovation. Strong intellectual . 
property . protection~ ci:nipled with ... high .. 

· regulatory standards and ~ · improving 
processes .. are also crucial (Chart _18, next 
page). Suite and local governments phiyan 

. important role in fostering . regional 
initiatives th~lt · promote ... col.laborations 

· between universities ·. . and · · in,dustry: .·· 

2 

U.S.A 

3.59 

2.44 2.43 

.·! 

UK Germany . France. : Swrtzer1and 
. ln<;:reasing collaborations between emerging ... 0 

· compan{es ·(usually cailed biotechnology - .. . ' 

2.08 

'.'-

· Japan 

. fi~s). and integrated global pharmaceutical Source:Council on Competitiveness' and ·Prof. Walter Kuemmerle. 

companies that now use ·all of the same new' 
genetic and molecular. technoiogi'es 

13 

Harvard Business School. 1997 Survey. 
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~ss~ciat~d with ''biote'dmol~gy .. are another 

·. vitaJ:aspect ofthis system (Chart 19). · ·. 
'.': 

~ 

l 
I . 

. I. 
I 

! · · . Chart 18:· . 

· Intellectual P'roperty Receives the Grea s~· 
: Pr;otection in 'the United States 

. t .,. • i' .· \ 
/' 

Despite 'these strengths,. participants felt that 
current ince.ntives have not kept pace· v/i~h. 
the .rising costs and. risks of. health ·'care 
innovation. 

5 r-~T-----------------~--------~~~----

4 
· 5. A concerned and .. aware public:··.; 

. that . has strongly supported · :: · 
biomedical research. 3 

·,' 

The U.S. public has a keen interest inhealth 
care and has strongly supported . research. 
This includes lcing-ie!:Jn public· support for 
investmt;nt .in · research programs and 

. facilities by federal.. state:· and• local 
gove~ents. participation· in- the. process as· 

·patients in clinical. trials;' and:· acceptance _oL 
the new ·products that · n!sult · · from· 
innovation. A recent ·Research! America 

. 4.4 4.33~ 

3.94 3.93 

3.56 

.,~ .... 

. :· . 

U.S.A · Sw!lzenand U.K : Germany · France Japan· 
";·. 

·:.". 

· survey inaicated levels ofsupport for .public 
biomedical ~es~arch investment at over 8p 

'·'I· 

: Source:'.co~ncjl oncorr;p~tit'i'veness and Prof. Walter Ku~m 
Ha.rVard Business School. 1997 Survey. . . 

,\ \.:,.,. 
. percent. 8 . f 

........ 
Chart.19: · 

, , 
.I 

' ~ ' . 

J '.1.28 

rle\ 

Concerns· were expressed that this historic.· · 
support · . could be undermined by rapid 
technological change that . is no\v raising .. 
public fears.:about' the potent.ial misuse of 

lncreas~ng -Strategic Alliances between 
. ·Have Been'lmportant to the u.~:.su..,Tgrn 

... 
·biomedical advances.··~· 

~ 600 .-~~----------~--~--~------~-7---. u 
c 

-~ 
Together, . these elements form a .highly · . . < 500 · 
developed. and complex \Veb of collabora~i~n · -6, 
between the. major stakehold,ers . in .the ~ 400 

· research.· and innovation. process .. · This .. ~­
. interdependence among play~rs. along ~ith .... / ~ 300. 
competitive,'' investigator;;initiated research~.· ~ 
funded:by.:·a .variety of sourc'es. distinguishes ~- · 200 

the US . from .other regions. The high!)· ~ 
· flexible. bo'ri~ms-up approach .. coupled with . ~~ 100 
'market~driven. cbmpetitiv~ ·inc_eniives ' for · · 8· 
innovation. has allo'Yed the U.S: to respond 
rapidly to changes ;md; opponu.nities. This 
stands. in.· marked contrast with. centralized.' '.' 

• ' # • 

top~do\\n .. planning ·which· has stifled .. 

-·· o· 
'It .0 

'· ', ,"r·... . .· 319 .301 

; ,·.2~5 '248 269 . 

. . I 
19861987·19881989 1990 1991 1992 19.93 1994 995 1996 

I 

initiative -in other nations. This co!Tlplex: 
flourishing ec.osvstent of i~terdepencterit vel · Source: H 'indhover:s · Pharmac~utical Straiegic'A II lances.' 199 
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competitive . players · has . ·Jed to great_ 
·scientific and ·commercial . success. The· 
·ecosystem is not self-contained: one of its 
great strengths ·. is its openness to · ideas, 
people and resources globally .. · · 

Rating the Competition 

Europe shows real· ·potential for 
health care innovation.. European 
nations in aggregate possess biomedical 

·. research asse.ts . comparable to those of the 
U.S. Several leading globcll pharmaceutical 
firms are based in the U.K .. Switzerland, ) 
Germany, Scandinavia ~d France, most of:. 
which have a . substantial presence in the · 

·U.S. The. U.K. v.ias noted to have an 
environment particularly conducive to 
biomedical innovation. Sig!lificant public ~: 
invesiment in research via the Medical 
Research Council)s complemented by· the .· 
WellcomeTrust. 'which represents the single 
largest . private support.er ·of· biomedical· 
research m the world. An. • emergmg 
European and , international venture · 
comrnunit:; · and increasingly ·· receptive 

. financial markets. are supporting a· growing 
number of promising biotechnology firms. 
which now number over 180 for the U .K 
alo.ne. Some of these firms are establishing 
collaborations with . global pharmaceutical 

· .firins. 

. On the European continent . recent and 
ongoing· liberalization of laws restricting 
Qerietic-oriented research are improving the - . ' . 
environment for innovation.. Public 
resistance .to new biomedical technologies 

· may · .be ~oderating. while academic 
anitudes against industry collabo~ations and 
c~mmercializatiori of research may also be 
shifting. 

Chart 20: 

·. The United. States Leads in Pharmaceutical R&D 

.Compa~y-Financed PharrT'!aceutical R&D, by Country, 1S95 

Italy. 
3% 

Sweden 

Switzerland 
5% 

9% 

Other 
8% 

Japan .. 
19% 

36%. 

Source:, Centre for Medicines Research, U.K. 1997. 

Char:t 21:. 

The United States Dominates Genetic-Related 
.. Pharmaceuti~ai/Health Care Patents 

,J. 

U.S. Genetic Engineering Pharmaceutical/Health Care 1995 
Patents·(by country of origin) 

Others (11) 
7% 

Japan (6) 
. 4% 

EC Countries 
(11) 
7% 

82% . 

Total1995 Patents= 150 · · 

Germany has made large strides recently 
· with the government-sponsored BioRegio Source: PhRMA. Annual Parents Sun:ey. 1997. 

campaign playing an . important . role.9 

Although France has a histor).' of excellent 

1:' 
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health care science. it was thought to be:still 
somewhat shackled .. p~- a centralized. top~ ·_ '· 
do-wn svstem o'f 'research funding arid . 
control. 10 _ E. U. scientific f~ding- and· 

. strategy also tends to l:ie overly centralized:'·' 
Even so. the participants believe that Europe 
represents' an area of great potential for 

. health care innO\·ation .. provided that recent 
i-mprovements in 'the investment : clirnate 
continue. 

J~pan ha~· str~·~;gt~~ but lacks •critical '. - ,_. 

. ·I- . . . 
.: ·' 

.~ . . ' ... 

, ..... 

. I 
Chart 22: . ! f Alm~st Haif of Major New Drugs·· - :: 

Have U.S·. Origins - :,1 · • · •• 
. .. I; 

. '.'' 
I 

pevelopment of 152-.Giobal Drugs by Country of Origin, 

·•'' 

,, elements : for _leadership: Japan· · · 
·· ·- ·- · represent's. the -seco~d largest - national. :· '· :. - 1975-1994 : :'- -~ :· 

·,. 

pharmac-eutical market in the world· after the 
U.S, dominated by Japanese firms who have. ·­
been less successful in foreign mru;-kets than . 
their U.S. and European . count~rpans. 12 . 
Japan· s. investment _ in·. basic biome~ical 
research is substantiaL yet this has led to -the· 
creation of· only 20 to . 30 biotech firms_ 
versus ap'proximately 1300 for the y.s. and-· 
over 700 for the E.U. This may ~e due :in 
large .-part .to the · ab_sence:, of . a·.· strong · 
entrepren~urial and- venture ·.capital . 
cbmmunit)· and a·. regulatory . and 
reimbursement. system that historically :has 
rewarded incremental rather than_ trul~ 
innovative advances ... Japanese. firms are 
increasin'gly- · . reaching to __ establish 
collaborations with U.S. biotechnology ahd 
pharmaceutical firms. . · -

s· 
.., f-----,7 

- C'Sna¥ f--.:.......!-' 7 . 

9Ntm1a"d f----. g, 
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UK ~-'-------, 14 

· • .! 

·'··· · ..... 
'•· 

'.· 

t. I . · 

.,. 

l 
[ 
. • I 

I I; 

USA ~~~~~~~~~~~~~~~~~~-~45~-J " . . I . . I . 
, Olfo 10'lfo ~/o' ~/o" ' 1

( 40"/o j .
1 
•. 50% 

Source: Barra!. P.E. 20 Years· of Pharmaceullcal Research Resldrs1 
. n l 

Throughout_ the Jforld. Rhone-PoulencRorer Foundation.- 1996. 1' . . '. ·; . .:~ :.. \ . \ \ 
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r 
I' 
: 
j. 

Emerging ,regions 'may ·be a force to 
be considered ·in. the future. _Other 

. . ~. ~ . .. ' ' ' . . ~ . ···; ·. 
nations vary widely in their climates fo'r i 

·-hea]th care innovation .. Some,_ such as 
·singapore. are illustrative of'progre~s .made· • 
after ena,cting sp~<;lfic . j)olicy. changes. 
:Several. such as ·India, have' p~tential _but are· 
plagued b~·- intellectual property protection 
is~ues. · Others· are - nursing emerging 
industries and. can be expected to be forces . 
in the future .. At ·this time.· ·their role -in 
biomedical research is rehnivel): small. 
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: How U.S. Health Care innovation Leadership Pays Off 

Facts bear out the study participants' perception of American biomedicalleadership: 
' . . '' -

_.,. . 
• 93 NIH-supported scientists have won Nobel Prizes, including current NIH Director Dr. Harold 

Varmus.·· 

• Overall citations of U.S.-authored scientific journal papers 'tripled from 1987-1993. with ·thes~ 
citations heavily weighted towards biomedical subjects, a substantial percent~ge. of which were. 
supported by NIH grants. 13 

· • · 

. .. 

• ·· 82 percent of biotech ·patents issued by the U.S. Patent Office in 1995 for genetic engineering, health 
·care arid pharmaceutical products ~·ere io U.S. firms (C.hart 21). ' 

•· A 1992 analysis. of 11 high-tech industries by the General· Accounting Gffice .singled out 
pharmaceuticals as ·~he one industry in whicq the international competitiveness of U.S. firms did not, 
decline in the .1980s: 14 · . ' · · · 

• From 1975-1994.45 percent of all the world's important global drugs originated in the U.S. (Chart 
::·::). ·' . .. 

• Research-based pharma·ceutical firms generated an estimated $106 billion in prescription medicine 
sales in.i997--$66 billioninthe U.S, and $40 billio~ abroad. 15 

• . In 1996. these ~ompanies e!llployed 2,03;000 in the U.S. and.164,000.-abroad. 16 ... : 

• The U.S. is home to two thirds (about 1300) of the world's. biotechnology firms, most of.which are 
· biomedically~oriented. · · · · 

• . U.S. biotechnology firmsemploy 118,000 people in 1996.'' :'· 

. ' ' 

• Pharmaceutical products have consiste.ndy generated atnidesurplus 'of approximately $1 bi1li,on. 18 

. . . . . '. ' 

• US .. biomedical technology r~preser1tS an international .magnet: .. The U.S.· att:rac~ed an estimated 7 5 
percent of world investment in biotechnology ln. 1997)9 All~ major non-U.S. pharmaceutical firms 

. have collaborations with l).S. biotech companies. and most of these .. firms also have substantial 
internal research efforts based in the U.S. · 

-t··· 

,;: 

...... t. 
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Major . ~oncerns ·Threaten the ··u.S. 
Health Care ~cosystem 

Despite this re~ord. of past successes. study 
:participants. \·oiced . significant concerns 

,. ·about the future. ·These concerns coalesced 
ar.pi.mdfiye major themes. 

· ·. · 1.· Basic ·:research · and education·. · 
have ·• · been · . relatively well­
supported· but ·not at the · levels 
required to realize the potential of 

·emerging scientific opp_o.rtuniti~s: 

Biomedical basic research funding . 
·has· not :kepfpace ·with· the increas·ed 
. number · of · : new . scientific 
opportunities: Basic research provides the 
subs~rate · of fundamental_ knowledge froin 
which all modern medical technology has 
come. Essef}tial understanding of how cells 
:and· organs. function ,and . malfunction. 
diseases progress_, bacteri,a. and viruses act 
and how geneti~s. the environment and other . 

I. 

risk· factors interact to· ,produce illness,·· · 
provide the to'ols for' further .investigations 
:while _giving -clues. on· how to. detect,' treat 

, (I!) d. ideally, prevent disease. ·Most· 'of this· . 
. work is ~on'ducted in universities, ·re~earch · 
institute~ .and goveinm~n(labs and .fU11ded 

. -largely by t~e federal gove~ent~ . 
principally. through · the Nf~.. · vja 

·· investi,gator~initiated grants.. . · . ' .. ··: ,. 

:NIH funding has continued ·tci grow.over the . ''. 
· past decade: bi.;It not at a pace.commensur.aie:-' : ·· 

~·ith qoth rising researc.h opportun'ities ·and . ·. 
· accompanymg costs ... The jnvestigator­

initiated NIH grant ac'ceptan<;e, rate .has 
: fallen from approx'lmately 40 . percent in 
. 1980 .t? less than 25 percent in l'995{Chan 
23\. While the reasoris ·behind this cirop are . 
likely complex. heightened competition ~d .. 
reduced · grant lengths · have raised.:: · . 

. investigator a~ieties. leading to lower risk .. ·,. .. :· 
. "safer·:. proposals. Shorter. fun~ing cycles 
; ha\·e also decreased re~earch efficiency. ~ith ' 

.jg 

._,1 

·. 

. .... 

'. 

. . ~ ' 

. . . · · . , · Chart 23: · I ) 
· · The ·Acceptance Rate of NIH Investigator-

. .. ·· · l.niti.ated .. Grants Has Fall~n . ,. ·r 
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greater amounts of time dedicated to 's·eeking 
support rather than actually performing 
research. Concern was also expressed that 
specific earmarked funding t'or diseases. 
motivated by political advocacy rather than 
pursuit of the best scientific opportunities. 
could distort research priorities. 

Graduate biomedical- education has 
weaknesses that" could extinguish the 
creative -source of basic ·research: 

40 

35 

JO 

Funding support for graduate scientific " · 15 

education is increasin~Zl\· cbnstrained. raisin!! 
the key challenge of h~\\; to attract'th~ bes~ 
young minds.· Providing the typ~ of ~ross-
disciplinary · education necessary •· - for 
excellence m today and tomorrow's 
environment is limited by fundin2 ·and 
institutional rigidity. coupled with 
underlying weaknesses in K~ 12 scientific 
and ·mathematical education .. such . factors 
threaten the development of future T.S: 
biomedical research talent. 

F ortimately. the lJ .S. has been able to anraci 
the best students worldwide for biomedical 
graduate education: approximately one 
quarter of Ph.D. students in the life science 
tields · is of internation~l origin_':o However. 
concerns about. decreasing . acaden'lic 
opportunities here and emerging coqlmercial 
opportunities, in other regions may hamper , · 
retention. Current immigration restrictions 
for students desiring to stay. as well as 
researchers seeking .to enter th~ ·U.S. on a 
permanent or temporary basis. exacerbate 
this situation. 

Funding· for non-biomedical basic 
research and education has declined 
over the . past decade, seriously 
threatening future prospects for 
health care innovation:· While basic 
.research. in the biomedical sciences has 
continued to grow over the . past decade. 
other tields have not been so fortunate.· 
Go\ eimnent funding . for the phys_ical· 

·,_ 

Chart 24: 

Funding for Non-Biomedical R&D Is Flat 

Trends in Nondefense R&D by Function, FY 1960-99 
Outlays for the Conduct of R&D. Constant FY 1998 S Billions 

i·."I"III:O vi I I 1."JCi) 

8 Health . iJ Space 8 Gen. Sctence iii Energy u Environ. ClOther 

Source: AAAS. 

Most Research Dollars Now· 
Come from Industry ... 

. ' 120 

100. ' 

c 80 
e 
~ 60 
~ 

·~ 40 .c 

'•20 

Chart 25: 
,'•' 

... Yet Fundamental · 
Knowledge• Is Based on 

. Public Science. 
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Source: The Sew Tor'k Times: May 13. 1997. Based on data from the 
~ational Science· Foundation and CHI Research. Inc.· · 
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sciences. engineering and IT has declined· · 
significantly since .the end of the· Cold War. 
Yet with. science b~coming. increasingly 
multidisciplinary~ the best prospects often lie · , 

, at the interfaces of fields. Biomedical 
research is· dependent on. a \vide yiuiery of 
non-biomedical fields, from chemist~· and 
physics to engineering and advanced 

· materials. . The genomic . and· molecular 
biology . revolutions ': ·w~~ld · have· ·. Reen .. 
impossible without tli'e use of cpmpi.iters;and 
I)e~· , info~ation technologies · io ,process .. 

. an;ilyze, share and store· enormous qu'ariiit'i'es 
of data. All of , these ·tec~ologies;· ~ere 
denved from . basic research.·'. ~a.nd· ·the ·:. 
promising advances now e~pected inheal~h· . 
care would not have ·been possible without 
them. By the same token. advances in .. ·. 
biomedical sciences,· particularly genetics, 
offers real, promise for . applicatio'ns in 
chemistrv. environmental science, materials 
and agri~ulture. Research i.s a positiye-not 
a zero-sum-game, offerit,1g benefits to 
everyone. Declines · m any one area 
diminishes all. with society the ultimate , 
loser. · 

Industry money is -not the. solution ~o. ·. 
basic research ,funding, issues:. While 

' . ,. . . . 

the pharmaceutical and. biptechnology · 
industries in\'est heavily in appi'ied rese¥ch .. 
and de,)elopmeni (Chart ·1 0). these. firms .. · 
gene~ally do ·:·~ot engage ·;n high levels of ' 
basic research that produces fundamental 
knowledge.· .· Industry .. does contribute · 
substantially to the basic research process' 
through scientific. interactions with academic · 
investigators: ;: educational .. support and 

· infrastructure.sh~ring. Firms Me. esta~lishing 
an increasing number ' arid ' variety . of 
collaboration's ·with unh;ersities. to bolster. 
their innovation efforts (Chan 26): A· 1996. 
studv bv Blumenth-al er.-· a/. indicated that 90 

•' .. "' 

percent qf ,· . biomedical firms 'had 
collaborations with academi'c institutions. 
with industrv financial support contributing 

' . "' . . ~ 
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· 12 percent of these . .-institutions R&D 
fimill~ing. 21 

• · 

Although increased collaboration between 
academia and industry . provides , ~o~e. 
resources and non-financial. benefits. like 
information exchapge. industry· support is 
not a· substitute for adequate public funding· 
of basic · research. From· academia's 
_perspective. such a development could 
decrease the free exchange of 'ihforination 
critical to scientific progress .. It. could also 
divert universities from their ·core missions 
of ·fundamental re~earch and .. education 
towards short-term applied. r.eseardJ 

. development and job training. Sector study 
participants from industry share these 
concerns. noting that prospects for 
innovation would be impoverished in ·the 
long run. Participants believed that applied·· 
science. development ·and risk-bearing .were 
industry's · role. lndu~try-university 

collaboration must carefully balance ·these 
considerations to produce mutual benefits 
while preserving complementary activities. 
The proposed 1999 federal scientific budgets 
were seen as a much-preferred solution to 
academic basic research funding issues~ 

2. · Clinical research · c·apabjlities 
are threatened by · ongoing 
changes in the U.S. health care 
system 

The U.S. health care deliveiy system 
is in a state of flux: The_U.S:health care 
system. though considered 'the envy of the 
world. has experienced rapid and 
accelerating. changes over the last decade, 

.. particularly in . the pa~t .five years. While 
complex. t~e central feature· of these changes 
has been a shift awav from fee-for-service to . . . 

a predetermined rate per person (capitation) 
financing of care deiivery directed · by 
managed . care organizations (Chan .27). 
Ongoing shifts~: in government health care 
spending through Medicare and Medicaid 

2·1 

Chart 27: 

Managed Care Has· Grown Rapidly in the 
· United States · 

Source: lnterstudy· Publications. 1997. 
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.can be expected to have ·fun~er impacts. 
These -changes are driven by real and 
pressing concerns about escalating costs. 
Widespread shifts in hov... where and by 
whom health care 'is provided ha\·e. altered 
reimbursement rates and cash flows to the:_ 
professionals and hospitals providing this· 
care. Detailing these changes or making any. 
reco~mendations related to thetn is beyond 
the scope of this repon. Howe\'er. because·· 
clinical research is embedded within the 
healtp ·care delivery system. these changes · · 
ha:\·e significant impact on research ~d.·· 
innovation., and therefore. warraqt. · 
consideration. 

'; 

.. -Academic · medical centers are 
pressured ·by changes in the health 
care delivery system: Although the -· 
changes in health care delivery have helped 

..... I'· ., 
i 
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.Chart 2s: . · 1 I· 

A Large Portion o(AMc··Ciinical Care Reven · e~ 
· Have Sup'ported. Research and Educati V 

.' '. ' . jl. 

', Est;m~ted Fa2ul~ Practice P·lan Supp~rt of Academ1c Programs. 1 
· · · ·'(Faculty Pract1ce Plan Re'venue = $8.3 billion} · 
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:moderate rapid increases' ··in health· care 
sp~nding. · they ha\·e_ . 'also produced 

·\mintended ·consequences· for clinical 
research. Manv academic· medical· centers 
'(..\MCs) have: been panicul~Jv aff~cted. 
·rhese instituiions repre~e_ri~ .a . u~ique . n~xus 
·of basic and· clinical research critical to the 

· Soztrce: kA..MC. Tlie Financing ofA!edii:alSch~ols-.4 iepo~r 
·. A..JMC Task F9.rce on AfedicqJ Sch;ol Financing. Washington. 

r rhe 
!· 1996. 

· multi-disciplinary. interactive ··nature of the 
re'search ecosystem: they are the workshops 
of h~alth care innovation .. Their multiple 
missions: of teaching. ·research· and patient 
care greatlY facilitate the innovation process. 
~·et also place them at a cost. disadvahtag~ 
(estimated I o·-40 perc~nt l in an increasing!~' 
compettti\·e'. market.::· These. f'!-Ctors hav'e 
·triiH!ered . laree-scale and · riecessarv -- ''. . .... ' . . . 
restructuring. -Yet they have· also cunailed a 
substantial source of. funding for .dinic'ai 
research.::.· This is due to diversion of 
patients from AMCs. to !_ower . ·cost. 
community hospitals and ·· refusals by 
. ;surers.io pay pan of clinical researc-h-costs·· 

· previously .;c.o\·ered under fee-for-service· 
reimbursement 

Decreased clinical re\·enues· ha\•e m·eant less . 
tlexible a11d discretiona~· funds a\ aiiable t~r 

·,..•·. 

. . 
~ · Chart 29: 

F.~~ding :''U nc_erta!nties" ·May Occu,r When 
Patient Care Meets Research 
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. research. which is particularly detrimental 
-for ·studies not sponsored by NIH or other· 

, grant. sources. Unsponsored .. work: is often 
important in bridging the gap ben.veen basic 
and clinic~) res~arch and' Is responsible for a 
large. proportion ·of studies published in 
medical journals. It also supports· academic 
studies in clinical. outcomes, health services 
and . epidemiology crucial to developing 
methodologies for eviden~e-bas~d medicine .. 

A second· impact of the changing· health care~ 
·delivery system is the loss of patients and 

· their data for ·clinical research. Many 
· poteniial research subjects are being diverted 

from AMCs due to cost considerations. 
. Clinical data is frequently .locked up. in 
proprietary databases of managed care. 
organizations. Exace.rb.ating · these: 
difficulties is competition from' private 
contract research organizations (CROs) tpat 
are able to organize and conduct more rapi_d 
and less expensive clinical trials for 
biotechnology and pharmaceutical firms. In 
some cases. these . trials . are performed 
outside the traditio.rial.AMC sening. 2~ The 
net effect is fewer·resources and patients that 
are available for academic clinical research. 

Clinical investigators ·• at these·. 
institutions are leaving the field, 
diminishing basic· ~nd · applied. 
biomedical research and 
development capabilities: "f.hese 
developments have increased pr~ssures on 
clinical researchers who perfolin their work 
in AMCs. Physician-investigators provide 
unique creativity and insight because they 
bridge science and clinical application. 
Insufficient training. and numbers of such 
investigators have been recognized as a · 
long-standing problem in the. U.S. 
biomedical research sy,stem. This is now 
.particularly important in . ·light .of the. · 
.revolution in gerietic and molecular biology 
requmng translation into ·understanding 

Chart 30: 

· · Pressure on AMC Clinical Rev.enue May Affect 
· Institutional Support for Research 

Pressure on Funding 

Current Sources 
of Medical School 

Financing 

Granta& 
Coritracta · 

30.6% 

Olher 
12.5% 

Pressures on Research 

' -- Researcn Suppor1 

· Source: Mechanic, Robert. Allen Dobson. Ph.D. Sylvia Yu. The 
Impact of Managed Care on Clinical Research.· A Preliminary 

· /nvesllgdtion. Final Report. Public Health Service. National 
Center for Research Resources. 
http://www.ncrr.nih.gov/newspubtmancare.htm. 
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disease states. as well as the ability ·to 
conduct research into clinical outcomes .. 
health service delivery. and epidemiolog~· · 

·needed to-achieve quality care. 

. AMC investigators now feel pressured to 

.. shift time. away from resear.ch to. 'clinica:l 
care in' ord_er to make up revenue shortfalls. 
Time . and· resources for clinical research 
training· are also· decreasing. Whife cpanges 

. in th~ U:S. health car~·: system are recent and. 
.. the time course for research is long. tw~ . 

recently published stu~ies suggest that both 
. exert. significant impact. Th~ first . suggests . 
"that insti~utions in . areas. of high managed 
care .penetration' have ·a:' trend .towards less . 
investment in re~earch. as . me'astired. by 

< • • • ' •• • • ' 

decreased dollar growth; compared to ·those 
·in lo~·. managed care .markets (Chilrts 3la 
·an~. 31 b). 25

_ Th~ same study show~ .. an 
outright decline in number of investigator- .. · 
initiated grant awards to clinical dep~er'lt .· 

. :·. in affected·. institutions. A second 'sttidy 
indicates ·~that young ciinical researcrye~~)n 
high. vs. low ·• ·managed care markets 

· published fewer . scientifi.c , articles, while 
perceiving greater levels of·. departmental 
conflict and . decreased ·. cooperation . and 

· comrnunity.cb Thes~. changes also threaten 
the former!~· close bonds betwe~n clinical 
and basic researchers at AtyfCs, disruptii).g a. 
human interaction so nec~ssarv. to research .. 

· \Vhil~ these studies· findipgs ~e su'gge~tive· 
rather than conClusive, they could· be 
considered a warning for the future given the 
early stage of health care change.· Study 
participants reported that. many of· thes~ · · 

.. investigators are · now ·leaving .clinic'al 
research. Such a loss would prevent the U.S .. 

. from realizing the bene.fits _promise4 b): 
innovation. 

Payers are generally not an . integra'/ . 
part of the innovation process: This 
loss would directly impact those 
o,rganizations financing care. As n~ted: the 
·u.S. health care system ts experiencing 

..... 

,_·: 

Charts 31a.and 31b: 

Research Activity May Be · 
'Affected by Ma~aged Care . 
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rapid changes and dislocations· as it 
continues . to refonn . and· restructure. 
Managed care organizations (MCOs) have 
now becomedominantplayers. yet evolution 
will continue. and· neV.· fbnns of financing 
and delivering . care can 'be expected to. 
emerge. Driven by budgetary pressures, the 
role of federal ~d state. goveriunents as .. 

· payers will also change:· ··as the shift of · 
Medicare and Medicaid. patients toward 
managed. due accelerates: . R~gardless of .. 
what fonns and functions payers take in the 
future. demands:. for quality pf care will 
remain .. With some ~otable exc~ptions, most 
private payers have· not been · heavily 
involved in the innovation process. Some 

· organizations have internal' research efforts 
and assets: improvements. in t~e nurnber·s 
and capabilities of MCO researchers Offer 
new opportunities.~7 As the basis .for 
competition shifts from cost . to quality, 
payers also will have a long~terrn interest in 
inno\·ation. Participants noted that MCOs 

• have assets. such as patient :access and 
clinical data. that are critical to conducting 
health services and outcomes .research. The 
key challenges noted . were how to bring · 
them into the web of innovation. while at the 

. same time_ ·allowing AMCs · to · ~ak.e 
fundamental· changes necessary io adapt to; • 
the rapidly evolving health care system. The 
success of some AMCs in adopting Jo 
changing . market forces is en~ouraging. 
Ho-.yever, changes must occur in ways that 
do not compromise innovative capabilities. 

3. The physical and informational 
technology . infrastru.cture · . ~or 
research, . along with IT 

. ·training, is inadequate for· · 
meeting today and tomorrow's 
needs. · 

Recent investment in academic 
. research facilities and equipment has 

been insufficient: If scientists provide the 
intellect for basic and clinical. research while 

·,. 

:\ ' 
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universities: research institutes. Q.overiunent . , 
laboratories. and private. finns pro~·ide the : .·. 
funding and sites. infrastructuie provides.the 
actual means t~ 'c,onduct this worK .. Study. 
participants r:eported that · investment'· in 

. physical facilitie~· and equipment ... ·at .. 
.universities and medical centers has been 
inadequate. with increased pressures for 
cost-sharing corriing at a time when these .. ·. 
Institutions are financially pinc.hed. Rapid. 
scientific advances are also ·changing· and 
raising resource requirements. NIH . and 
other federal research project grapts have not 
adequately reimbursed institutions. for · 
overhead expenses. Industry coll~boratl()ns 
similarly have been project-oriented. Some 
specific ·programs, such as the 75 general · 
clinical res.earch centers (GCRS) located at 
yarious ·uni~ersitles ·.have been funded ~t. 
leve.ls below those approved bY. the National ·· 

··Center for .. Research Resources. Advisory. 
Council. State governments providing large 
amounts support for the public university 

· · .. infrastructure have also been unable to keep 
. pace . 'with rising facility and .. 

instrument/equipment . expenses of 
increasingly complex. multi-discip.linary 
'science. A long-tenn. strategy for physical. 
· infrastructure support is necessary. · 

. Health care information . technology · 
infrastructure, resources, ·. and: 
training are inadequate for· today and 
tomorrow's needs: Equally important.a~ 
b~ildings and equipmeri~ is the' i11formatio~ 
technology .(IT) infrastructure and personnel 
that ·. support ,research · efforts. The 
infonnation ·technology revolution is raising· 

. new opp'ortunhies. for health care innovation 
and .education. Examples include t~e sharing 
of genomic databases by centers around the 
world. the · use of computerized data · in 

·· clinical trialsand FDA submissions. analysis. 
of clinical data for epidemiology and· health·: 

· services research .. and high quality health • 
infonnatiori now available on the Internet. 
Coupled· with emerging advances · . i·n · 

26· . 

I , 

• . . . . . . Chart 32: . :·· .. : , . . . 1·: .): 
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diagnostic technologies such as gene chips. 
IT has tremendous poteritiar for improving 

·health care quality. · 

Health care. however~ has been a laggard 
compared to other sectors in leveraging the 

. IT revolution.~8 ,Study partic.ipants :reported 
several· shortcomings. Pharmaceutical and 

· biotechnology companies struggle with 
enonnous volume.~ of data related· to gene 
sequences, molecular biology, and potential 
medicines (bioinfonnatics). Clinical health 
services and epidemiology resear~hers are 
often not able to access; analyze and share 
infonnation from databases that is necessary 
to develop evidence-based medicine. This is 
due to databases' often proprietary nature, 
lack of accepted standards and metrics for 
reporting clinical data, and incompatible 
software systems. Inadequate investment 
and understanding. of · infonnation 
technologies by many providers is aJ?Other 
issue. Insufficient numbers of the best, IT 
personnel in h~aJth care VS. finance and 
other fields· represent a critical bottleneck, 
.with the need for more education and 
training cited as critically important. Finally, 
much . health infonnatiori available to th~ 
public via the Internet is from questionable. 
sources and of dubious validity~9 -and · 

. ·developing . methods . to. e:valuate such ... 
infonnation is diffi'cult. 30 

These IT shortcomingsthreaten ·t6 slow the 
rate of research. innovation arid education 
necessary to improve health care. They also 
undennine,$the potential' to· export health 
services· innovation, missing an emerging 
opportunity . for ·further US leadership in . 
innovation .. Finally. poor quality medical' 
infonnation disseminated via the · Internet · 
could undennine the ability of patients to act 
as better partners in maintaining their own 
health. 
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Chart~: 

Multiple Factors Are Driving Health Care. IT 
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4. The· incentives : . and - · 
environment ·for investment in 
innovation have r,ot kept pace 

. with rising costs and. risks 

.The costs and risks oftesearch and 
irinovation are rising: While people and' 
institutions provide the source and means for 
in.hovation~' ·,p-roper incentives ensure that . 
s'cientific an_d t~chnological . advances are 
applied to real health care needs in ways 

'~ · desired by ·soCiety: The ·u.s. has had· a' 
favorable envirorurierit supporting· such 
applications, ·· · yet· . study participants 
expressed concern that policies have not 

'kept 'up with the' rising cos.ts,. an~ 'risks of. '' 
. innovation and· commercialization (Charts 
.35 · and 36). Severai 'forces,. are -driving 
increase_d costs and risks o(pharmac~u~jcal ·. 
R&D and coriunercialization: 

' ; .. _ ·. ,_· 

•. Greate·r nu!nber 'and .complexit); .. ' of 
underlying '·. · iechnol_ogies ... su~h ·-·as· -
'eenomics and combinatorial ·chemistrv - ' . ' ~ 

, now used to· discover new IT1edicines _ · · 
• More complicateg, chJ:onic dis~ases are · 

-now targeted. · with · longer . trials. 
· . inv9lving 1110re patients 

• Data . · requirements.· .. for . regulatory: 
approval have increased 

•· Gre~ner · . · branded 
compe~itiori. 

product lives 

and 
with shorter 

-generic. 
effective 

during ·which to recoup 
' .. ', . 

.- · invesmtent . . ·. . . . . 
• Rising investment requirements for the -

· global commercialization ofproaucts · 
.. 

Rising costs and· risks of R&D coupled with·. 
a more competitiv'e international commercial 
environmen_t hav_e altered .the risk/return 

. ratio. nie wave of consQ.!idation ·sweeping · 
the.· phamiaceuti~a.J industry is evidence ·:of 

· ·the changing underlying ·economi~s- (Ch~ 
3 i.: next page). This trend highlights :the 
importance of -continued innovation for 

. survivaL If c~mp~riies are unable io.develop 
irll)o\·aii\·e new ·medicines that cr~at.e the· , 

'.· 

Chart 35: 

The Cost of Dev~lop.ing Medicines 
Has Grown Rapidly 
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. Bringin-g Medicines to. PatientS Is a. I 
-. __ ·. . Long and Rt~ky ·Pro~ess ~ : 

· •· · - · · · ·- ·Compound 

':, 

Discovery (2-10 years) 

. . ' . 
Preclinical Testing (lab 

. and -animal testing) •. 

Phase I (20·80 healthy 
volunteers used to determine 
safety and dosage) 

Phase II (100-300 

Success 
Ratesi by Stage 

5.000-1'0.000 
- ·jj : 
screened 

l+: 
-· •' .Q50 .,_ i . . : 

hase 111.(1000-3000 patient 
~~o~n''"""'"'c used to monitor 

0 .. •. 

reactions to long term 

: .. FDA Review/Approval 

2 . 4 6 8'--'10 "12_-· 14 16. 
' .. 

Years <· 

,,_ 
'\ 

Sourc~: PhRMA. based on data from the ·center for the Stud\; 
·ofD~g Development. Tufts University. 1995. .i 

•,, 

:· 

I· 
'· I. 
1. 

J, 

., 

. ~ .. 



revenue . base to. <suppon funher research. 
they · r:nay be forced~ .into cost-cuning 
mergers. Several study participants felt that 
research would suffer, U.S. firms would be 
adversely impacted. and society ~ould lose 
valuable benefits unless key aspects of the 
U.S .. and global innovation . milieu are 
addressed. 

lntelle.ctual ~ property developments 
could make scientific investigation. 

Chart 37:' 

Pharm.acei.Jtical Industry Consolidation Continues 

An lndw.try in Transition: The Ten urgc5t Global Pharmaceuti~l DealS• 
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· more difficult . while decreasing 
investment returns at a time of rising · I· 
costs and -risks: Developments in 
patenting practices and enforcement were 

'-stre '" btH10m of doUan 1M~.· 

1.111m1 . 

1.0(1"11 

,· 

· · noted to have powerful ·effects on research 
and innovation. One key issue Is the 
patenting and ·exclusive lic;ensing· of basic 
research tools · not specifically related to 

. products. The granting -oL.broad patents 
relevant to basic research tools such as gene 
sequences could slow or potentially block 
whole .·areas of research if · access . is 
unreasonably den.ied or restricted. ·Such 
developments could also substantially raise 
infringement risks and costs of product 
development in related areas: to the point of 
stopping research altogether. 

A decreased window for recouping · 
investment is another concern. Conditions 
have changed markedly since enactment of 
the Hatch-Waxman Act in 1984. Effective 
product patent lives are shorter due to longer 
development times·. arid more rapid and 
intense branded-generic competition _(Chart 
39. next page). At the same time. investment 
requirements and risks have increased. 

Finally. the lack · of effective patent 
protection for pharmaceutical products in 
many emerging nations, from inadequate. 
enforcement to outright piracy, is a key 
challenge, The total lack of protection for 
proprietary data · submined io regulatory . 
authorities in most countries of the world. 
and the often-inadequate periods of 
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Chart 38: 

The Time .Required to Develop New Medicines 
Has Increased 
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registration data exclusi\ity _(where i! IS 

provided at. all)· :.are . impediments to 
innovation: Along with other. tr~de barriers~ 
these deficiencies have been ·estimated· 9Y 
the . Phannaceutical Research and 
·Manufa~turing ~1\ssociation to ·cost. U.S . 

. ... ~ pharmaceutical firms .$5 . biUi'on . in . lost,: . 

:::· · addi.~ional re.ven~e~ .ann~al.l~:· , .. , . 

Regulatory issues · ad(J >(~~her::·risk' · · 
and uncertainty to inno.vation:· The 

. recent p~ssage . of the FDA )v1octernization. 
Act of 1997 was seen as a. major event 
addressing· several long~t~ding issues 
(Chart 40); Concerns of study participants.' 
ce~tered 'on suc·cessfully. impleineniing its 
measures to preserve and extend ·the benefits:. 

· of more efficient processes, while: ensuring 
that the FDA.has adequate resources.inareas 
su~h as IT .. So~e ·partjcip<~nts~ r~ported · . 
continued issues in non-phannacei.nlcal . 
technologies. P!lrlicularly · .with,. medical 
dev{ces. 'where . unp~~dictabili'ty . iri current 
regulatory practices was . reponed . to 
discouraee innovation .. The need to. find 

· balance between maintaining:·high standards 
. that enc;ourage excellence. while . avoiding.· 
inhibition of investment.· is ·a shared sector 
objective. 

. . " ~:.. 

Rising.-:'global opportunfties: ~oupled with 
. the need to recoup investment over a·'shorter 
time frame. were cited as reasons to'' · .. 
continue · pursumg international·· 
harmonization ·of regulatory • requirements 
a'nd p~ocesses. Having tommon' critena ,and .... ·; 

. > . ·, 
procedures for,the development, registration · 
and . manufacu.irine·· .. of inediciries .. would 
decrease : .. :;r~dunda~cy .·and · t'osts, · ·speed· ·· 

. developtnerit of ne.w therapies~ imd lo~'er 
. barriers to. ~ac'cessing international markets. 

Sharing q~ta would also further 1hese goals. . . . . . . 

Tax ince.,:,'tives and . . trade · policies 
related . to innovation must be 
improved: Study participants noted that a 
major problem facine health care innovation 

' - . 
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is the fundamental· conflict between long 
development and pay back .. , time 
requirements vs. short-term financial market 
demands from investors. Tax incentives 
provide a means to address this conflict: 

.· with the R&D lax credit particularly helpful. 
·Despite its importance, the R&D tax· credit 
has be.en . temporary. requiring periodic . 
repassage. Study participants felt that 
making · the R&D tax credit permanent 
would · decrease uncertainty and increase 
resear~h . investment.· ·A recently released · 
study by Coopers and Lybrand predicts tha/ · 
a permanent R&D tax credit would add $3.8 
billion · m 1998 · dollars to · research 
investment by pharmaceutical companies 
over the next 12. years. 31 Removing 
disincentives in the .current tax code for 
U.S.-based firms to conduct R&D m the . 
U.S. was also cited as desirable. 

5. Public support for 
biomedical research 

. clinical ap'plications 
undermined by 
technological changes 
raising fears of misuse 

legitimate 
and its 
may be 

rapid 
that are 

. Recent developments have raised the 
public's anxieties abou~ emerging . 
biomedical technologies! Support by 
the American public has long been essential 
to medical research and innovation. 
Americans have . supported public and 
private funding of research, participated as 
patients in clinical trials, and accepted new 
therapies. This support will be even more 
important in a future when . empowered 
patients face increasingly complex 
technologies that offer more choices. 

Recent public reactions to developments in 
biomedical technology could undercut 
support for research. The most acute concern 
has b~en over the potential extension from 
animal cloning technologies to creating new 
human bein~Zs: Fears of potential genetic and 
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other medical information-based. 
discrimination. for. · empioy':lent and 
insurance ; are another· · .c'oncem. Patient 
confideniial\t) . . is also · becoming ··an 
important issu~. with the i~creasing use of 

. . . . electronic dinabases and pending availability '. ., 
. of ge(letic and _other potential. markers for · 
·di~ease. · Patients fearing·· misuse of 
information ·.ina~· avoid. participating ih 
clinical trials. Unless these ·concerns are 
addressed·· in a way that maintains public 
trust in researchers and. care providers, tne 
·co~duct .. al1a · appli~ation .of biomeclical 

f :~.~ 

•·I 
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·, ,. 
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'. ·1,' .. 
research will be jeopardized. The. e'normous 
positive potential of these new technologies 

···.· 

to. improve diagnosis :and. treatm~nt of · 
· 'disease could ·be lost· 'if' thev are · 
·overshadowed by'; fear. These fe~s are . 
. wor.sene~. by a generally poor un'derstanding 
()f the· biomedical research. process· and its:.: 
~pecific content, which also . threatens the · · · 
role of p·atients as informed partners in their 

. O\\'Tl health care. 31 
· 

Governments are· con~idering . 
. responses that· ·could ·threaten·' .. ·· 
' legitimate .. research: Reflecting the ,,. 

concerns · of their constituents, public · 
officials. at federal and state levels have 
reacted ·to recent developments by drafting· 
and pushing legislation· intended to pre\·eni '. · 

· potential abuses· of s~ience.' The possibility .· · · 
~of clonin'g ofhurnan beings has attracted the 

most· attention, but genetic' discrimination · 
and plHierit confidentiality are also ar'eas of 
legislative attention. While·· seeking · to 
prevern, t\1e reaJ abuse of cloning entire 
human~ being;;. the . effect of sorne' anti-

. _cloning .legislation. could . be to pr~\·ent' 

. important cell and tissue research needed for 
developing new· therapie~. Areas 6(n~search . 
and development · ranging· from 
understanding .. degenerative dis'eas'es to 
developing· skin implants: for btim pinients 
could .be · affected or e\·en prevented. A . 
recent letter ·from .the American Societv for 
Cell Biology. signed by 21' Nobel lc~ur~ate~, 
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stressed the. risks. that such legislation poses 
to legitimate basic biomedical research. 

·Similarly. while the confidentiality · of 
specific · patient-identifiable. infonnation 
must be maintained. failure to use medical 
records and ·tissue samples iri · important 
disease, epidemiology· and health ser\rices 
research could prevent development of . 
better treatments and · evidence-based 
medicine. Fears of genetic ·discrimination 
could derail clinical use of infonnation ·thai 
could improve prevention and help guide 
treatment. The key question guiding. any 
policy response is how· to best address the · 
public's concerns . about. misuse while 
pre~erving legitimate research and clinical 
applications.. '' 

These concerns are not overstated. Gennany 
is just now emerging from the._ impact of 
anti-gen~tic technology laws that seriously 
retarded its biotechnology research and 
commercialization· for two decades. These· 
Jaws were passed in response to past abuses 
of SCience· 'and . fears that' . emergin'g 
teclulologies posed new dangers~ ·similar . 
concerns were voiced in the United States in . . 

the 1970's · · about recombinant DNA 
technology. Fortunately, guidelines ·were 
developed and restncttve legislation 
avoided:· ·allowing the great progress that 
produced benefits· ·for ·patients: Today's ·· 
situ<1tion calls for similar prudent ·and · · 
quefully considered respo~~es to issues ... 
raised _by rapid technological advances. 
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<Final Thoughts . . . . . . ·' ~ , . . , 
' Concerns' about health care innovation arid 'its· application. ~vi thin the l_T~ited St~ites. should no,t obSClfTe\ 

· .t~:?··b~~ic' poi_nts. He~l.th care inn<?vationhas trernen~ous ~o~ver t9: i~prove our lives. and the. U.s.jps'i 
· operatmg from a position of strength. Change .by domg thmg~ better IS the only answer _to health c~e 1 

·and. related problems. and Affierican. leadership. ,in the gfo6ai health care· ir:movation ecosystem]jis 11 : 

required to find.,solutions. This report offers some preliminary recommendations to .fram·e the debate for J· 

. . . ch~ge. Ye~ the sp~~ific responses to challenges noted in _t.his study must be guide~ by a b_roader ~is.iwn :
1
, 

, ·.for mpovatiOn. a vision founded_ ~n the hopes. for th: society that we· ~ant fo~ our gener~u~n and tho
1
fe :~ . 

. that succeed us. Thoughtful policies arid farsighted mvestment so grout:~ded can strengthen and extend \1 

our innovative 'capabilities. Such responses will speed t~e development of. ne~ .ways of .irnproviAg : 
health, producing inai\·idual and :social gain whil~ prbervjng _and enhancing basic human valuJs, 

1 

Pr~vided that the right steps are taken at this critical ~ro.ssroads of scientific and soc.i~ll change. the ca~e 
for ouduture _is bright. . . ·, .· : . . . . . \ 

,• ' 

Recommendations .. 
\ 

Action_ is Necessa,Y to Se<:ure the Future · , · _ 
These recomiTiend~tions represent a ~taning._poim for discussion. They are directed and· apply to ap 
levels of.governme~t. academia and indu~try bec;mse each·must play a role in improving the U.S. health 

~ar~ ~esear~h and innovation syst~m. . · · ~. ._ . ·. :- . · .... ·. . .· · · . · ·. , \1. \' 

1.1ncr.e.ase ~·upport for Basic Rese_arch . ·f.. , .. ·... _ 1-
1 

The F~dera/Govetnment should: ' i' 

• Implement proposed increases in federal fundin·g for NIH. to meet' the twi~ .challenges of increased 
research Opportunities and looming long-term health care _problems. - ' . . •. . . · . ~ , 

•. Increase federal funding for other basic sciences and engineering both for their imrinsic contribution~ · 1 

to the. science .base and their. importanceto' health' care innovation .. . . : . .:1 l • . . ·)\ 

• ·Revise immigration practices to allowt~e U.S .. to·~~fac~'and, fe~ain the- best: st~den~~ ·an~ rese~ch~~s~ 
globally and to promote cross-border collaborations and facilitate a' f~ee 'exchange of i~~as ~ . . 'j\ : -·- .·. :-. I . .. , . - :: 

Universities should: .. . . , . . . .... . · :·'. , . . . 
•, . Increase multidisciplinary education to realize the potential of emerging technqlogies • . ': '· 

1
, 
I 

' 

fndustn· slwuld: . . · · . · . · .· .' . · ·· . .· · . · . · .. · . · l ·' 
• Cre~te more opportunitie~ for expo,sure to .industrial R&D for rese~rchers,in~trai~ing ·i~ provide an : \ 

enhanced educational experie~ce. and produce more i~ovative researchers . . . . . I · :. 
. ' . I 

. . . . . . . . . . 'i 
In collaboration, government, industry and academia should:.. · ·.· · . · · · . · · · ·j 1 · 

•. Improve primary and secondary .education in science ·arid mat!) to provide co~tinue'ci ne\.\· ta:I!ent for l 

• 
I 
! . 

research careers ! 

Increase support for internships. · graduate or ·post-doctoral positiOns and fellowships in . 
interdisciplinary fie!ds to provide the humar(.resource necessary to develop and apply emerging 
technologies' 

'',I 

I 
i. 
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:, 
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2. Save Clinical Research 

The federal and state governments should: 
• Increase support for training of clinical researchers to sustain the capacity' to develop and· apply 

innovation in health care 

• Carefully evaluate the impact of health care system policies (e.g. Medicare reform) on innovative· 
capabilities to avoid or manage unintended and ad~erse consequences·for clinical research 

• ·Provide compensatory funding mechanisms for income lost from eroding cross-subsidies from 
clinical care at AMCs to. research to ensure the continuation of superior clinical research 

• Explore ways to develop more transparent and flexible public funding mechanisms for clinical 
research to increase efficiency and :a~c~untability while maintaining nec;essary levels of support 

Academic Medical Centers. should: 
• Continue ongoing restructuring efforts to. improve the efficiency of AMC care delivery to adopt to 

changing market needs and economic realities 

In collaboration, government, industry, academia and managed care organizations should: 
• Engage in collaborative dinical.and outcomes research to leverage all parties· capabilities while 

addressing the core interests of each· 

,. 

• Develop personnel exchange programs between MCOs, AMCs and indusir)· to transfer learning and 
promote mutual understanding · · · ' _., · 

• Explore joint programs for the development of clinical researchers to provide important future . 
resources to conduct necessary translation and outcomes research . . ' 
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3. Upgrade Physical and Information :lnfrastr~cture ~ 

The federal and state g~vernme~ts should: . · - . ·. _ . · ·. ~ '·
1

,

1 

• Work with universities to develop better methods to provide adequate reimbursement for overheaa in 
public grants such a peer-reviewed grants specifically. io fund research infrastructure . ~~ \ 

. \\ I 

· • Work \\:ith AMCs .~d research institutes ·to ·develop multi~use research facilities to addr~es~. 
co~s~rain~d inst-~ent~tion and overhead resources . . . · . . . · .. , \! \1 

• Incent unrest'ricted lndustry.grants for academic infrastructure through tax incentives or other mea~s . 

Thefeder~l go~ernmentand industry should:. · . · . : . . . . . \ :: 
• Increase trammg· for health care mformauon workers through support of academic programs and , 

continued· education to ensure that new technolqgies can be applied . . . . I . 
• Support public and private funding of gene research (pharmacogenetics) and other lab tests th1t 

provide information· to facilitat~ clinical research and targeting of medicines to improve the speJ1d 
and efficiency of research and actual pati~nt care while dec-reasing costs . · \\ ,. 

In collabo;ation~federal a~d ~tate g~ve~nments, ind~stry,· ~COs, A~Cs·should: · ·. . ~ 1
.'. 

• Provide high quality, credible·. information to Jhe public . via ne\\': electronic. media 'to- ail ow fo} 

mformeddiecllssion ofissue ~d Gnproved pati:nt mvolv~rnentm their o':" care ·• • · .· ..... ·.·· ... l !, 

. • Jomtly develop st~dards for .basic research and clniical mformation sharmg to ensure compatibility~ 1, 

and to promote sharing and use of data for important. research applications while maintaining;\ 
·adequate-data security aJ1d pati.ent confidentiality . · . \1 ;. 

\. I 
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4. Improve Incentives for Innovation 

The federal government should: 
• · Continually assess whether the patent life of innovative medicines is sufficient to \•:arrant significant 

incentives for investment in long-term, high risk R&D, particularly' in light of dramatic changes in 
the health care enviro;lli11ent since past laws were enacted 

,. • Pursue enactment and enforcement of international patent protection and of registration data 

·; . 

... 

exclusivity to allow recouping of· investment necessary in an era of. escalating technology 
developmenf (;osts 

• ·Promote a global business environment that provides for free mark~t competition to provide a level 
playing where the competition is based on real innovation and· value · 

• Conti~ue regulatory reform (fast-tracking ~linical trial requirel!lehts)'to extend ·recent FDA reform 
benefits 

• Continue .dedicated FDA user fee funds to continue improving the efficiency of review of new 
treatments arid g~ni11g th~m to pati~nts sooner 

·, 

• Pursue international regulatory· harmonization to Improve overall speed, efficiency and costs of 
developing new therapies 

• Pass a permanent U.SJ~.&D tax creditto provide an incentive· for needed innovation 

Universities should: 
• Remove disincentives for faculty to participate in the· innovation process (conflict of interest and 

disclosure ambiguities) to faCilitate more rapid technology, transfer 

Jndusrrv should: 
• Woi'k in collaboration.\vith gOvernment .and universities on efforts to improve the efficiency of 

technology applications. 

',·, 
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5. Maintain public Support for Biomedical Research · · ~ 1
· 

Federal and state governments Should. . ~· ~ 
• A V{)id enacting restrictive laws gove~ing medical research which. could seriously slow o,r elyen 

prevent basi,c. advances being made or translat~d· into ne.eded new treatments while, at the same ti,m~ 
maintaining public protections ·· · . . \\ i~ 

In· col/a~oTiztion, industry. :a:ademiil, governments, and MCOs should: . ,., '. ~ 1

1 
• Provide the pubhc with factuaL balanced and h1gh quality mformat1011 m·order to hav~ a meanmg.ful: 

and infqrmed discussion of issues relatep to the application of ne:-v technologies, including genetic~ i, 
. ·. . . . . . . . . . . . . . . . ·. . . . . ~ . . . . . . . . ~ . :· . \\ :~ 

• · Irripro\·e primary· and secondary education ·in science and math to improve general public; 
~nderst~ding of. and participat!on in_ e~erging }?iomedical science is~ues and 'cri,tical evaluationi'of1 

mformatwn sources such as those available on the Internet · . . . 1 
. .. . ! 

. ' I . ' ... 

0 Jointly develop research guidelines for. information which safeguards patient identifiable information 
but preserves the ability to· conduct important biomedical research in order· to maintain public tru1kt 

and su~port of biom~d.ical research . . · . . .. . . , ~ , · . ·1 
· • Strengthen the peer review process topreserve rigor~ accountability andpublic trust . . 1 

'· ··,·;' 
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Health Sector Biographies 

Industry Chair: 

Dr. George M.,Milne, Jr., Preside~t of Pfizer Central Research arid Animal Health and Vice President 
of Pfizer Inc. i~ responsible for guiding the company's worldwide pharmaceutical drug discovery and 
development efforts. He also .oversees research collaborations with the entrepreneurial and academic 
research communities. Dr. Milne received his B.S. in chemistrv from Yale Universitv and his Ph.D. 
from MIT. He anended Stanford University for post-doctoral ;tudy in chemistry and. the Medical 
College of Virginia for pharmacology postgraduate training. 

Sector Leader-S:· 

Dr. ·Stephen E. Yoder is Director, . Corporate Strategic Planning at Pfizer ·Inc m ·the Corporate 
Strategic Planning & Policy Division,. where -his activities focus on issues related to. research and 
innovation. He received a B.S. in Biology from Bucknell University and a M.D. from the University of 
Virginia. After completing ·a residency at Pennsylvania Hospital in Philadelphia, he served there as an 
attending physician for the resident's teaching service prior to entering the \\!barton SchooL where he 
received an MBA with a major in health care management. · 

Dr. Walter Kuemmerle is an Assistant Professor of business administration at the Harvard Graduate 
School of Business. An alumnus of the Harvard Graduate School of Business. the Koblenz School of 
Corporate Management. and the Ecole Superieure de Commerce de Lyon, Dr. Kuemmerle's research 
interests include the management of technology and innovation in the United States, Japan. and Europe. 
He has published extensively on the globalization of R&D, with an emphasis on the pharmaceutiFal arid 

. biotechnology sectors and has worked for several international health industry leaders. 
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Health. Sector Study 

Industry .Chair 

Georee M. Milne, Jr. ..... . . . 
Pfi.zer Inc 

. · sector Le~de·rs · 

·stephen E, .. Yoder·· . . 
Pfizer Inc · 

·Waite~ Kuemmerle 
Harvard B.usi.ness School 

Steve Fodor 
Affyinetrix. !ric. 

Gordon Binder 
Amgen Inc .. /' .. ,.,. 

David Ebsworth 
Bayer Corporation 

Leon Rosenberg 
Bristol-Mvers Squibb (retired) 

. . ... . :. 

Karl J .. H.inelman 
Unl~ersity of California .. San Francisco .. 

James Blair 
·Domain 

Charles E. Putman 
Duke University 

Diana MacArthur. 
Dynamac Corporation 

August M. Watanabe · 
Eli Lilly and ·company . 

Dennis Henner 
Genentech. Inc. 

. J:. 

·> 

·.• 

J~es E. Neidel 
'''; , Glaxo Wellcome plc 

. Dennis Pur,cell 
· Hambrecht & Quist 

ThomiwHofstaener . 
Hoechst Marion Roussel Inc: · . 

Purnell W. Choppin' 
H~ward Hughes Medical Institute 

Randal W. Scon 
Incyte Pharniaceuticals · 

;, ·.• 

David J. ·Skorton .. 
. · University oflowa ' · 

William Brody 
Johns Hopkins University 

· · · · :·... Robert Z. Gussin 
Johnson· &Johnson 

. •· 

... 
) 

t 

.. 

,I, 

·' 
·. J. Patrick Fitch . . . ·. . 

···. . . · L~-wrence Livermore National Laboratory. 

. '-10 

Sandra Zink 
Los Alamos NationalLaboratory 

Hans Frauenfelder. · 
Los.Alainos National Laboratory . 

Andre L. Lamone 
Medical SCience Partners . . ' . 

Bennen Shapiro · 
Merck & Co., Iric. 

:Lana Skirboll 
N~tti~nal Institutes ofHealth . 

. . 
Paul Herrling 
Novartis PharrnaLtd. 

Frederick W. Telling 
Pfizer Inc 

'{ 

11 
f, 

! 

l: 
"' I , , . 
' I 
I 

r 
I 

I 
!: 
;, 
I 

. I· 

I 

I 
) 

·I 

I· ,. ,. 
I 

I ' 

• 

.. ·. 



' ! 

Edwin L. Behrens 
The Procter & Gamble Company 

Barbara A. Piene 
·Sc~oeder Ventures Life Sciences· 

Richard Lerner .:: ' 
The Scripps Research Institute 

... 
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Ke\'in Kinsella 
Sequana Therapeutics. Inc.· 

· George Poste· 
: SmithK.line Beecham· 

Gerald R: Fink .. · · 
The · Whitehead Institute for Biomedical 

·Research, 
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Going Global: 
Information Technology 
Industry Co~Chairs: Maurice Holmes 

Paul· Hom 
Sector Advisor: Don Smith 

Information technology (IT) industries have · 
tremendous importance,, not only in· their 
O\\TI right. but also .to the future of the U.S. 
economic enterprise. It"s not just that the 
industry--computers. electro'nics. 
communications, software arid services__:_ 
repr~sents a tremendously large and growing 
fraction of high wage jobs, exports and 
national wealth (Charts. 1 and 2). Rather. 
information technologies. are irrevocably· 

· transforming lives and jobs in ' virtually . 
every sector of the economy' 

·Evervthing from computers to cars to coke 
disp~nsers is potentially an· info-machine­
not only controlled by . information 
technologies but also linked to a global 
information network. The time when coke 
machines can communicate .. their inventory · 
needs directly to suppliers and cars can. be 
remotely diagnosed (perhaps even remotely 

. repaired) is fast approaching. Throat swabs 
will identify germs genetically .and transmit 
a patient· s information directly to a . 
'pharmacy's computer. So pervasive and 
profound are the opportunities that the 
Informatio·n Revolution IS difficult to 
conceptualize. m'uch less summarize. 

National leadership in the technologies and 
applications that drive the Information 
Revolution is 'critical. The perceptionamong 
participants in the sector study, however. is 
that the foundations of strength in the United 
States are not as solid as they must be to 
\?ustain IT preeminence. The emergence of 
world-class competition. the ·pace of 
technology churn. and the inadequacy of the 
national investment in IT -related research 
and human talent are creating some longer­
term vuinerabilities. The global em·ironment 

· for IT is likely to be unforgiving: if lost. 

--- -- -- ----

DRAFT 

Chart 1: 

IT Has Enormous Economic Impact 

• The U.S. IT Industry Represented 6.1 
Percent of U;S. GOP in 1996. 

• The U.S. IT Industry Employed 4.3 
Million Workers in 1996. 

The U.S. IT Industry Created Close to 
250,000 New Jobs betw~en 1995 and 
1996.' 

• The IT Industry's 1996 Average Wage 
Was .73 Percent Higher Than the 
Average Private Sector Wage. 

,. Source: AEA and NASDAQ. Cybernation. 1997. 

Information Technologies Lead U.S. Exports 
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Source: AEA and NASDAQ. C,rbernation. 1997. P. 61. 



neither L.S. leadership nor jobs will be 
readily recaptured. 

WHERE WE STAND , 
There is no end in sightto.grov-.1h in global 
demand for hardware. software. applications 
and serYices. Total spending on IT is large 
and growing around the world in total 
dollars .and as .a percentage of .GOP (Chans 
3 and 4 ). For example. the total worldwide 
market for software alone ·is predicted to 
double between 1996 and 200 ]-,-from $105 
to $203 billion. 1 Worldwide spending on 
personal ·computers/single-user systems· is 
expected to grow from $203 billion to $300 
billion between 1996 and 2000. 2 

· 

Although ~~po~~: are large and growing. the . 
U.S .. IT trade deficit starkly highlights the 
fact that \Ve do not Stand apart from the' 
competition ·to capture \\.·ealth-creating 

. investments . m IT technologies. 
manufacturing and services . (Ch~n . 5): 
European countries are investing strongly in. 
both regio.nal R&D consortia and in.national 
IT · infras~ructures. Throughout . · Asia.· 
emerging . . economies . are targeting 
information technology itS a key industry for 
deYelopment (Chan 6.next page). ., . 

The ~arriets to entry and gro\>.1h ofnon-U.~ .. 
players are likely .to be-' smaller in the future 
than· they were : in the past. Investment 

· niquir~ments are lower than they. were for 
· hardware products. Technology chum. is 

fastec providing more · frequent· entr): 
opportunities. Intellectual talent is available· 

. globally.· The Year.2000 c~allenge is 'like!~·. 
to proYide creatiYe insight . into software 
application~. traditionally a · key U :S. 
adYantage. to the emerging· cel)ter~ .of · 
excellence around the world thin are 
rewriting cc;>des. 

. 'TO LOCATE 
: International Data Corporation: The Gray Sheet. 
January 15. !9~i Vol 31. \o. 21. P. 3. 
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Worldvvide IT Spending by Region Is Explodmg . t I' 
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Despite its Leadership, u.s. IT naqe _Is in Deficit 

-"' .·:::> 

! . 

0----------,-.-~------,.-~ 
1990 ·. 1991 1992 1993 '1994 1995' . 1996 

; ·20-~-----~~~~~--~ 
u -· . : . i ., 

-30 -----,,...---~--'--~~:----~-

~----------,-----~---

. Sou~ce: AEA and NASDAQ. Cyberrwtion.: .. 

\ 

I 

~· 

I' 

" 
' . I 

i 

']. 
,. 

I. 

\ 
'·' 

I ,, 
I ,. 
\. 

' I 
\ . 

! 
I· 

I 
I' 

\ 

,. 
,t ,. 



'· 

... 

.. 

Chart 6 

The United States Still Ho.ids··the Largest Single Share in H·ardware, Equipment 
and Communications Exports-But t~e. GJobaiiT Market Is f:xploding· and 
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Chan 7: 

United States Dominates IT ~a.tents . 

.. , . • .. -' 
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Total IT Patents, 1992-.1996: 65,583 

Source:. CHI Research, Inc. 
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·' 
'''.· 

Chari 8 
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Top 20 IT Firms.byR&D Expenditures, 1995 
· · · (billicins u.S.$) ·. 

chart 10 

·Top 20 IT Firms by R&D Intensity, 1995 
·\.: . . .. 
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:\onetheless. the wide], held sentiment · 
among sector study participants .is that the 
United States remains at the. top of the 
innovation chain in information technology. 
In sheer numbers of patents·: our information. . '· . 
technology sector dominates the . world. 
accounting for nearly 50 percent of all IT 
patents filed in the United States (Chart 7; 
previous page). 3 The IT industry. le~ b~·''· 
electronic components. invested over' $40'. 
billion in R&D in 1995. more than a third of·· 

c 
G 
u 

the nation· s total business investment (Chart ':; :;i. 
8. previous page). U.S. IT companies rank · 
the highest in the world in R&D intensity 
(Charts 9 and 10, previous page) .. These 
companies also. dominate many segments of 
the global market and· still account. for I 6 · 
percent of total world exports in computers 
and office equipment.· semiconductors and 
electrical components. and communications 
equipment (see Chart 6). 

There are a number of factors that contribute· 
t() U.S. competitiveness: 

Software and IT Services Leadership 
Software is an industry in which the United 
States holds a particularly strong advantage. 
The software and computer ·services 
industries created more than 450.000 new 
jobs between 1990 and 1996.-~ 

Hardware used to comprise the Jion · s share 
of the U.S. IT market but has declined as a 
portion of the market-a reflection of the. 
steadily increasing demand for software and 
support (Chart 11 ). Industry · respondents 
'point out that software drives IT inno\:ation. 
Hence. the U.S. lead translates into 
ad\'anta!:!es for. other ·sectors as well (See . - . 
Express Transport a':d Logistics). 

Entrepreneurial Culture 
The United States features the prem1er 
innovation culture globally. Entrepreneurial 

21~ 

Chart 11: 

Software and Services Are Gaining Share 

·U.S. iT Spending· 

t•Serv1ces· 

..__...., !DSoftware 

iaHardware 

Source: The Gray Sheer. International Data Corporation. 
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Chart 12: 

.IT Dominates Venture Capitallnvestm~nts 

Information Technology 
50.9% 

Medical 
23.0% 

Other Co's .. 
17.4% 

Retai 1/Cor')sumer 
8.8% 

1997 Marke.tValue = $1-2.2 billion I 

'CHI Research. Inc. Technological Compemn·eness 
Anall'Sis for Fi1·e Technulog1es in 15 Cuumries. 
October 29. 1997. Table I. p. 30. 

Source: Coopers & Lybrand L.L.P . . \toney Tree Report /99- Results. P I. 

'AEA and ~ASDAQ .. C\hl.'mation. 1997. P. 12. 
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tai~)lt. creaii\.ity and risk-t~lerance 'pro\·ide 
the grease ·for the U.S. innovation' machjne. 

· ·. An integral .part of this culture is our unique 
· \·enture· capital· (VC) industry .that helps· to· " 
. pull ideas out of universities and existing · 

companies· into new · technology .veniures 
The m~jority 'of VC investment. fn turn. is in 
the information sect~r (Chart .12. prevw_us . 

·page); · ·. :< 

Venture . ~apjtal . creates· the', reward 
mechanism' through which innovators profit 
from their activity .. This profit incentive. 
augmented by the financial discipline . 
imposed by the VC process, drives a more 
rapid . commercialization · of n~~v 
technolo~;es. 

' - .... 

Although o.ther countries have tried . to 
imitate the venture capital system prevalent 
in the United States, the lack of a tradition of 
private ownership in many countries inhibits 
successful tran~'plantation ofthe'vc model. 

Market Size arid ·Sophistication 
The fact that the :united States .. constitutes 

. the largestsingfe market for IT products and. 
ser..·ices is · a ke~ draw for talent 'and 

· in\·estment. B~il1·U.S.·and foreign firmsin 
the IT sector :feel. the need to have a 
presence·. in · this·.- market. Our laree and 

~ .. 
demanding consumer markets provide 
abundant demand and opportunities for new . 
information technology· products · and 
sen·ices (Chart.l3): 

World's BestTalent/ ,; 
University Tr.ainlng .·,:·· . 
The C .S. ·ability to generate and attract the 
best technical talent from' all over the ~·orld' 
pro\:ides a key competitive edge. The talent 

. poor .is driven by· the fact that the bulk ofthe 
industry is located in the United States along 
with wort·C! class universities that attract.. 
train' and graduate. the best and . brightest 
internationally '(Chart 14). International 
competitors that have improved ·. their 
positions vts-·a-vts the United States have 

6 
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done so primarily through the .development ... 
of highly skilled human. capi_tal. 

· World's Best Research Universities 
The. ability to anract the best human talent to 
the United States is surely a function of the 
strength of the research platform- and caliber 
of research. 

The United States is one of the few countries 
in which research ·and · education · are 
combined----enhancing both the prepar:ation 
of the students and the quality of the . 
research. The diversity.· o( world-class 
institutions creates a virtuous cyCle of 
competition to expand the frontiers of 
knowledge: 

Silicon Valley · · · 
Silicon Valley is unique globally, both in the 
presence of major competitors in the IT 
industry and in its ability to support 
innovative product development Through 
its combination of industry scale and scope. 
strong universities. abundant VG and a risk 
taking culture. Silicon Valley is arguably the 
most important· region . for IT innovation · 
anywhere in the world (Chart 15). -

WHY INNOVATION MATTERS 
There- is a widespread· sense that the U.S. 
lead. while sirong, is no~ unassailable. In the· 
global environment. the fundamentals of 
innovation are changing profoundly. The 
creation and application· of· knowledge are_ · 
truly global for the first time. Companies 
have gained the tools to combine people, 
research . and products · into worldwide 
networks and operations. 

Countries are leapfrogging· generations .of 
technological development in a matter of . 
yeats. The pace of technology _churn- in the _­
industry is so rapid that no ·industry le~ders 
are complacent about sustaining ari edge 
(Chart 16 ). Leadership can shift in a matter 
of generation~-and ·in this industrv. a. 
generation can be lesnhan 2 vears. . 

., 
' 

Chart 15: 

Silicon Valley Outperforms Many Countries 
- .. in Paten(Production; 
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\loreo\:cr. the ·£1obalization of the IT· 
industry. h~s :had~ .a p~ofound ·impact ·on. ~ 
where and how· new products are intrqduced 
(Charts 17 ~md '18. next page). ·Eve!) five 
years ago. the United States was· the fauhch 
market of cho.ice' for virtua:Jly all IT prq,dlicts 
and ser.·ices .. This created an enormous' 
strategic . ad\:antage s_ince it drew product 

·development and ·research' tearris into the. 
. United States from aro\lnd the V.-'orld. Today .. 
product launches are beginnjng to be global 
and simultaneous: there are ie'ss compelling 
reasons for key .personnel to be located m 
the United Siates. · · · · · 

Further. as IT industr.· o.perations. disperse 
global!)< job oppoitun"itie·s for the be_st and. 
brightest are increasing overseas ((part 19). 
There is iess attraction for foreign graduates 

. trained ·in the United. States to · wor~ ·here 
when they can get a sin:ilar job at home. A. 
growing number of U.S: trained ~dentists 

. and engineers are opting to' return home. . - ·. . . . 

· These changes do not· diminish. America.· s 
po\\·erful advantages in 'It. but; they do point 
to some potential. erri~rging vulnerabilities. 

Emer:gence of.New Competitor.s 
·According to the sector· p'articipants: · the .'. 
largest . threat to :the · l!.S. · CO!J1petitive ·· 
position in IT is not Jhat any one countr.· 

· \\'ill . soon surpass it b~t .. rather. that the 
number and sophi~iic~tion of :.competing· .. 
countries is growing. It is clear:·thai a·few 

. competitors.· South Korea and Taiwan in · 
particular. are· making the tr<'msition from 
imitator to inno\·ator, Tai'wanese IT patents 
filed in the_ United St~tes increased 8.292 . 
percent · benveen 1986-1996. while Souih 

. Korean patents increased by a. staggeii!)g 
40.625 perce'nt duri.ng the same time (Chart· .. 
20: next page). At this rate of growth. these · 
countries have already o\·ertaken the UK in 
their presence ih the FS. patent system and. 
are edging close to Germany. 

·At the same. othe·r. countries .can threaten 
LS. leadership by capturing the 

.8 
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dO\\·nstream jobs and . profits from 
· innovati\·e activity in the United States. The .. 

ability to innovate may. be less important in 
some countries than the ·capacity to 

· imitate-and a number of Asian countries 
are able to be fast-followers. even at the 
state"of-the-art. One of their advantages is 
cost (Chart 21 ). And. this kind of differential 
extends to manufacturing labor and 
scientists and. engineers as well. Moreover. 
respondents to the industry s~rvey indicated 
that the presence ()f incentives-R&-D tax 
credits. incentives for investment in. plant 
and equipment. worker training credits and 
one-stop regulatory. ·shopping-were key 
elements in the decision to locate facilities 
overseas. 

As manufacturing moves offshore, there is a. 
growing tendency to co-locate certain types 
of research with manufacturing. ·. ·The 
diminution of the· U.S. IT m~nufacturing 

· base has · potentially · -far~ranging 
repercussions in two ways. First.· there is 
concern that design superiority in ~lectronics 
and· software applications ca~()t be 
sustained in the absence of. a ·strong and 
cutting-edge manufacturing capability. 
Sec·ond. U.S. . manufacturing companies 
account for the \·ast majority of business 
research. about 73 percent. Service : se~tor 
companies. which have much lower rates of 
investment in research. tend to focus on · 
development and demonstration. (D&D) 
rather than R&D. As manufacturing 
disperses globally. the amount and quality of 
R&D conducted in the United'States may- be 
adversely affected. 

Short Term R&D Investment Focus 
.-\I though the industry· s investment in R&D 
is increasing: there is concern that IJroduct 

.de\·elopment is overshadowing · its 
investment in long-term- ~esearch. This 
should not be surprising given the. rate oJ 
technology chum in the industry.· With 
product cycles ranging from months to a few 
years. it is difficult to allocate money to 

·longer ·term R&D that may not fit into a 

C) 

' 

Chart 20: 

Emerging Economes fv'ake the Transition 
from lmtator to.lnnovator 

COUNTRY • r;>f IT por.nrs filed # of IT por.nrs filtKJ 
, in U.S.A., 1981-86 in U.S.A .. 1!191·98 %INCREASE 

Germany 1304 1712 31% 

EU 3373 5409 60% 
·.; 

UK 575 -921 71% 

Australia 37 80 116% 
.. 

U.SA 13202 32852 149% .. , 
Japan.· 7012 25015 257% 

.Israel 53 258 387% 

Singapore 1 82 8.200% . 
Taiwan 12 1007 8.292% 

South Korea 4 1629 ·40.625% 

Source:_CHI Research._ Inc. Technological Competiti1·eness 
·Analysis for Five Technologies tn 15 Countries. October 1997. 

Chart 21 

The United States Faces Stiff Cost Competition 
in Software Development 
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Sourc.e: National Software Alliance. So(r.mre Workers for the.\ eH· 

.\fillennium. January 1998. P 2-17. Figure 2,-8 
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product windO\\. \' ery few companies are 
able to invest for a payoff that is I 0 years 
away. Moreover. many advances in IT are 
broad in their applicability and complex 
enough to take several engineering iterations 
to get right. No single company can be 
assured of recoupmg such research 
investments. 

Government funding traditionally ·provided 
the impetus for fundamental advances in 
infonnation technologies, either through 
direct funding of R&D at· universities and 
federal laboratories or through the 
technology pull of the procurement budgets. 
(For example, although development of the 
integrated circuit was funded by the private 
sector. the knowledge that the government 
would purchase the product at any unit cost 
created. the em:ironment for companies to 
invest in the technology.) Virtually every 
major advance in IT has some ·federal 
money in the picture. Networking. computer 
graphics. workstation technology, windows.· 
and mouse user interfaces, ·parallel 
computing~ and digital libraries were all 
born from federal funding for research (see 
attached chart 22). Although. the casual 
observer might assume that the usefulness of 
government investments to· the commercial 
IT sector ended in the 1960s. ongoing 
investments like the . ASCI project in 
massively parallel processing continue to 
push the outer edges of the technology 
envelope. 

There is a more recent concern that the 
government · has also shifted its funding . 
focus away from frontier research (Charts 23 
and 24 ) .. Universities traditionally were able . · 
to attract top~notch scientists willing to 
forgo higher salaries in industry for the more 
intriguing research irt academia. As one· 
university executive noted .. given the .given 
cutbacks in funding for cutting-edge 
challenges .. the research universities are 
having an increasingly difficult time 
differentiating their research environment. · 

lo 

Chart 23: 

Federal Funding for. Applied Research in 
Computer Science Outpacing Basic Research 
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: 500~----~--------------~----------~~~~ 
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Source: National Science Foundation. Sc;ience & Engineering. 
/ndicators-'-/996. Appendix Tables -l-:22 and -l-23. Appendix 
pp. 138 and 140. 

Chart 24: 
. ' 

DoD Funding for University Research in 
Computer Sciences is Falling 
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A number of industry respondents in the IT 
sector are' worried that universities are bein£ 
.dra\\~ towards research that is closer and 
close t~ 'the market~which diverts attention 
away from their traditional focus on 
discover> research. Manv universities. ·but 
panicula.rl)· public. ~nive.rsities. have been 
tied. more closelv into regional economic 
development;programs where_the metrics of 
success tend to be jobs and ·businesses_ 
created. There. are growing pressures for 
uni\·ersities to· get'· in\'olved. in · research .. 
parks, technology incubators . and small 
busine~s assistance programs. More'over. 
industry respondents perceive a growmg 
tension · between . proprietary · intellectual 
pr~pfmy .and . . an open . research 
.environment-which they believe represents 
a serious threat to the health of the U.S. 
rese(irch base. 

University. . government laboratory and 
industry respondents alike · agree· that 

· ·pannering is essemial. Acc.ess to real w'orld 
problems actuall); improves . and sharpens 
'the quest for. new knowledge at universities. 

·.Most _if not all.· industry . technol~g:ical 
advances 'can be liriked to improvements in 
fundamental understanding. · But· 'the 
shri~ing · . time scaies over·- · which 

·fundamental knowledQe . is convened into ·-··..... " 

technology. . . pr9ducts and services. 
necessitate a more. intimate. connection 
between .. knowledge generation, and 
technology development. The issue is not 
\Vhether the JinkaQe. bet\.veen Universities. . · ...... 
labs and ~o.rnpanies. should be strengthened~ · 
but how to ·manage the interface more .· 
carefully to preserve the core strengths of 
each. 

.• ~ 

Human Capital 
There is clear consensus ;that people are the· . 
critical link to competitiveness-and thatthe 
United States is falling short. At the K~ 12 · 

· level. the rea.diness of the majority of hign 
school graduates either to enter .. the· 
workforce or pursue· advanced education. ·is .• 
seriously_ questioned. u.S. students do not 
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stack up well in,math and science against the 
rest . of the world. according to recent 
international studies. Liniversity enrollments 
in the disciplines relevant to IT are dO\\TI .. 
even as demand for· skilled workers is 
reaching an all-time high (Charts 25 and 26}: 
This is both a problem for and a challenge to 
the industry. Shortages of qualified scientists 
and engineers clearly have the po~enf\al to 
affect long-term competitiveness:·· Indeed. 
imbalances between supply and demand of 
talent at home only increase the centrifugal 
forces that drh>e companies offshore. As 
immigration restrictions have tightened. 
more companies charge that U.S. policies 
are activelv creatimz the incentives for them 
to set ~p· rese~rch facilities abroad. 
University and company executives agre_~ 
thaL at the ·.very least. immigr<ition policies 

··should not force foreign students gradua~ing 
from U.S. institutions to leave this country 
on completion of their degrees. 

. At the same time. information technologies 
themselves are an integral part of the 
solution. Software learning tools and 
networked learning opportunities offer the 
potential to revolutionize the learning . 
environment and create the locally:-trained . 
workforce for the IT industry as well as the 
other manufacturing and services sectors 
that embed information technologies. · 

What is clear is that demand for . IT 
professionals will only increase in step with 
the demand for info-machines. The U.s. 
needs a multi-pronged approach .that 
inCludes interim reliance on global sources 
of talent. longer-term efforts to improve 
education and training for Americans and·· 
more investment in frontier research,· 
Although the effort to augment the pomestic. · 
talent base is ess~ntial. sector respond~~ts , 
also note that advances.· in areas like 
software productivity must be made because 
local labor markets will ne.ver be able to 
keep up with the exponential growth in 
demand for software. They stressed the need· 
for a serious and ·concerted investment i_n 

I~ 

Chart 25: 

The Numbers of Bachelor's Degrees 
in IT Disciplines Are Dropping . . 
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·Chart 26: 

·-Department of Commerce Projects that Demand for IT 
Workers Will Grow Faster Than Supply·.· 
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. automatin!! the soft\\are process. not just ir1 · 
terms. of ~rigi~al code. but to ~·e~if'y and'· . 
\·alidate tens of millions of lines of code 

· ilPPlied integrat~d into complex systems .. 

VVHAT FACTORS.ARE DRIVING 
GLOBAL R&D 

The drjviqg force behind R&D globalization 
in IT, jccording' to participants. is· th.e 

. availability of 'highly skilled·.- prqductive 
people (Chart 27) .. The importance ofpeople 
was at least an order pf magnitude greater 
than any other factor. ac~otding to. the sector 

· resp~~dents. In ev:ery · instance,· firm's. · · 
. responded that they establ~shed-their: foreign 
R&D facility locations to tap a local pool of 
qualified workers. In an industry in which 
innovation is the. key to' competition. the. 
capacity of a nation or. region to supply a 
technically . sophisii'caied . and irinovati;ve. 
workforce isits most important attribute . 

. Another kev factor was local demand-both 
· the presente of ~ local market for the . 
· .• products being _developed ·and. the n_eed to .. 

tailor existing products to the needs or tastes . 
. ofa specific market. For example. research 
leadership in speech recognition technology 
is though.t to ::be iri ~~e .F ai East since· the . 
ke'yboard: is poorly suited' as ari input 
mechanisryi for·Chinese.characters. For some 
companies. however. the transfer ofresearch 
is·quite. si.mpl~· the price of mar~et access. 
. . '. . ' . . . '• .. 

IntelleCtual · property was an important 
neg~iive ·: fa.ctor_ in the globalizat.ion or' · ~·· 
rese·a~ch. (Chart 28). The ability to capiure 

>!he benefits ·-.of innovation provides the · 
•· primary irppetus for investment in, R&D: 

stron·g. national ,IP .. protection . creates an 
investment-friendly . environn1ent. • Most 

. respondents agreed tliat the Un.iied States 
has one ofthe best IP protection systems­
and that the lack of such svsterris in certairi 

: de\:eloping. cournries was ~n 'impediment' to . 
im esting there. 
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Chart 28: · 
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Local incentives and local content 
requirements . have· also influenced R&D 
investments. Numerous countries are 
offering finns large subsidies for plant and 
equipment or training~as \Veil as providing 
conside-rable tax breaks as part of incentive 
packages .. 

How Our Competitors Stack Up 

Japan 
The Japanese are prime competitors in a · 
number of infonnation technology sectors. 
Respondents praised the ability of Japan to 
make incremental . product improvements 
and to \Hing costs out of the manufacturing 
·process. The lack ·of venture capital and a 
risk taking. entrepreneurial culture--coupled 
\vith a penchant for government-directed 
economic initiatives-were \·iewed. as 
impediments to the innovation environment. 

lridia 
Indi·a is developing as a prime location for . 
offshore R&D activities in the IT sector. Its 
gr0\\1h has been fueled by an excellent 
technical university system. · especially in 
electrical and other engineering disciplines. 
along with much lower labor costs for 
programmers and other skilled workers. 
Recently. the gqvernment has invested in. 
upgrading the telecommunications 
infrastructure that is a . critical piece of the 
platfonn for IT. One industry leader picked 
India as the country most likely to develop a 
creative and innovative IT R&D workforce. 

Israel 
A majority of the finns interviewed had an 
R&D presence in Israel: Major factors 
working in · Israel"s favor are an 
entrepreneurial and. creative. culture and. a 
good supply of highl) .. skilled graduates from · 
Technion University. Study participants also 
cite government incentives as playing a role 
in their decisions to-locate R~D there. 
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:Ireland . 
Ireland _has staked its development efforts on 
attracting foreign direct investment . m 
manufacturing and technolo~)" industries. 
Large g<:i\·einment · incenti\·~s. · combined' 
with a .well-educated workforce. make 
Ireland a desirable location. Irel~mdprobably . 
best e~emplifies · the. co-location · of · · 

·manufacturing and · R&D. having used: 
incentives to attract manufacturing and no"w 
seeing R&D activities coming iri as well. 

China 
Locating . In China IS ·a key element of . 
corporate strategies in .gaining a toehold·. in 
the rapidly grov.·ing Chinese rnarkets . .The 
Chinese exall}ple demonstrates strongly· the 
importance of human capital as adriver of. .· 
investment. Although Shanghai is the · 
business capital ofChina. Beijing appears to 
be the location ofchoice for nearly all ofthe 
firms inteiVie\\-:ed because it produces tens 
of thousands· of high!:; skilled engineeiing 
graduates each year. Intellectual property 
rights issues continue to be a major concern · 
m China. Respo"ndents believed that .. these 
issues would retard the .gro\\th of foreign 
operation? i~ that country.· 

Korea 
Korea pro\·ides ari example of the scale of 
public investment that is being mounted by 
up-and-coming nations. The . Korean · 
government .has . invested vast sums of 
money m · building local· capactty m · 
information technology industries. It has 
made great strides. in t.he manufacture of 
information technol9gy . goods and . 'is 
producing many highly trained technology 
graduates .. An economy" wide shlmp to the 
troubles of some. of K.orea~s largest firms 
has raised · ~once~·s about the . ability of 
centrally p!anned strategies ,t_o .. yield 
indigenous innovation complexes. In . the 
world of one. industr)· ·respondent: ··You can. 
buv technologv. but \·ou can"t. buv . "' ~.... .. 
innovation. 
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KEY ISSUES AND RECOMMENDATIONS·. ,. 

Despite its tremendous leadership in IT. the balance sheet of C.S. strengths .and \:ulnerabilities is creatin.g 
concern for the- fut~'re. . . 

Balance Sheet 

STRENGTHS LONG~ TERM VULNERABILITIES 

• Dynamic software and services sector I 
I e U.S. ·IT trade deficit 

• EntrepreneudaJ· culture/unique . venture capital .. e . ·Pace of technology chum/rapid leadership shifts 
market · 

I' 

• Strong consumer demarid · • Emergence of new i~ov'aiors..,.--create competitor ! . . ...._ , . . . I 

• World's best research universities/global talent • 
magnet . 

products and attract talent/research overseas . ' 

Better incentives ·fo.r industry off~hore (R&E tax 
and investment . credits. one~stop regulator)· 
shppping) 

• Silicon Valley • Co-location of R&D with offshore : 

·' 

What Should We Be Df?ing? 

Maintain Access to the Best Workforce: 
1. K-12 Pipeline: .. 

manufacturing/lower labor costs overseas 

· • · Declines in funding for breakthrough research in · 
the United States· 

• Declines in BAs m IT disciplines at . L:.s. 
universities 

• Increase funding for availability/use of IT in.classrooms at all levels 
• Ensure that teacher education and credentialing include IT training 

• Pro\·ide funding to train teachers on the use and integration of IT in the classroom 

• Create a federally-funded. regionall)·-based partnership program ·among universities ahd high schools to 
promote IT education and encourage future degree recipients · 

.2. Iricreased.lncenti\'es for S&E De~rees: · . . ' 

• Set aside .5% of agency budgets to .fund 'research .fellowships in the science and engineerin·g disciplines 
rele\·ant 'to their missions 

3. Access to Global Talent Pool: 

• Pro,.ide foreign graduates from U.S. institutions \Vith a grace period to work in the United States 

16 
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· '' Strengthen. Our World Class Uni.versity Research System: 
L Leadership and state-ot~the-art infrastructure: ·, . , . . . .. 1. 

!t · Ensure that cutbacks at the Departments of-Defense and Energy do not result in a de fab9 -r~~llocation o'f 
resources among research disciplines . , . _ .. . . . · · · : I \ 

2. Priori tv Investments . · · , .. · · · . 

• Target federal investments tow~ds building block 'technologies. such as s~ftware producti~·it~'. in which 

iss~es of affordability.'and appropriabtlity d~ter company investme~t . . . · · · . :
1 

I '
1 

'Ensure. that Intellectual. Property lssue_s ·Do No.t Compromise Open Umvers1ty Research\. 
Environments: . . · . I \ 

. I. · Uriiversit\·-In~ustn: Relations~i-ps:.. . . . . _ . " . . .. : 
· • Crei;}te umverslt~:7led po}1cy Initiatives .to :,develop guidelines. o~ the management -of· p,ropnetary i, 

relationships. and exclusivit~: ofiriformation.. . _ . I ~. 
Provide a Regula~Q~ Environment Responsive to 'Changing Market Conditions: . · r. 
I. 'comoetition PoliC\·: 

• Ensu~e . that regul~tions peahng .with competition, in particular .the· interpretation ·.of ·_'pO'tential 
., . . .com~etitor"· ~~curately reflect an: l!nderstand~ng both of technology tren?s and global c?mpetition . . I '\1 
.;.. Accountmg Rules.. . . . . , . . . . . . . 

• Alter accepted accounting rules and practices that .a-re not in line _with. the pace of cha~·ge in the FF 
· industry (i.e. ac.celeration of IT write-offs) .' · 

3. Contract Poli.Cv:. · ·.' \ i 
I 
I 

• 1,' 
Ensure government contracts for hardware and software services reflect IT ind~strv stim.da~ds and trends · 1 ,. . . . ·' . . . . . . .. 
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Maurice .F. Holmes is the chief engineer and ::'ice president of corporate engine'ering for· the \~rox 
C oi'pora~ion. ·Prior to ·these positions; he served a~; presidenr· of' the Office Document Systems Di,v,ision: 'Mr.:. 
Holmes joined Xerox in 1972 as a product development engineer and has held senior management assig!ID1~ht~ ' 
in research. techiwlogy.• product development and g~~hal management. Mr. Holmes holds a B.S. {n physics ~nd 
an M.S. degree m niechamcal and aero~pace se~e~ce fioni the U ni versi ty ofRochester. . ·. · . • . . . ··I. \ 
Paul M. Horn was named semor v1c~ president for research at IBM m 1996. He JOined IBM m 1979. as a soiidl 
st~t~ physicist ana has served as \:ice presi.dent and .. lab director ofiBM.' s Alm~d.eri ~e~earch ~enter. .Prior\\ to~. 
JOmmg ·IBM: he was a professor of physics at the James Franck Institute, Umversny of Chic.ago. H~ Js

1
\ a',: 

graduate of Clarkson College and holds a doctorate from the University of Rochester.'· ·. . ·• ._. : .. 
. . I· 

J.' • ,. 

Don Smith is exe~utive director of the Center for Economic De·v~lopment at the H. ~0~ Heinz''lii S~hool of . ·:I 
Public Polic.\· and Management at Came.gie Mellon Universitv. Beforejoining CMU. he worked with RA.ND's 
Critic~! Tec.hnology Institute. specializing in· new technology. financing a~d th~ development of reeional ·.. ·.;· 
clusters. He holds a B.A in economics from Harvard and a Ph:o. from the Heinz School. . . ~ 
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Going Global: 
ADVANCED. MATERIALS 

lndustry.C~-Chairs:. Victoria:Haynes 
William .c;oyne 

Sector Advisors_:· · Debra Yan Opstal 
Jay Heriis · 

. . . 

Materials s.ciences ~nd eng.ineering · enable 
progress in· virtualiy ever)' sector of the 
economv and everv: walk of. life. . From 
semico~dudo;s . ~o ·long-life .. batteries~ hip 
transplants . to .. lighter 'v.'eight cars. fiber_. 
optics to ··. manufa~turing tools, . materials 
provide the . basic building · . blocks . of 
innovation. The · industry's · 'critical 

·importance to the economic competitiveness 
of many sectors cannot be overstated: 

For the next 10 years or more. the United 
States is expected to lead ·in many segments· 
of the industry. Over the · long term. , 
however. slo.wer net growth in investment .in 
the United States and greater manufacturing 
parity around ·the world. could squeeze the .. · 
resources available 'for investment in frontier. 
technologies, 

Partici'p~nts in the. sector: ~tlidy beiieve that 
the . greatest . challenge confronting .. the. 
industry is not the loss of market leadership 

-due to external c'ompetition, but an)nability 
.. to reach its potential for innovation becau~e 

of shortcomings m the" US · innovation 
environment. .. 
Where We Stand 

. The strength of the advanced materials 
· ~ndustry stems from 50 years. of leadership 

in the chemical industry--one of the fe\\· 
industrial sectors in · this . country that 
consistently. runs a trade suiillus. The United · 
States has been the undeniable leader in 

·· identifying new materials.·· characterizing 
their properties. de\·eloping ~ew .uses and 
applications forthese materials:·and in some .. 
instances·. creating \\·hole ·new. industries· 
based . on their properties. In the ·important 
metrics:. the U.S. industr): looks strong:. · 

. 

.DRAFT 

Chart 1 
·.· - '•. 

. The U.S ... Chemica.l.lndustry Maintain.s a 
Healthy Trade Surplus 
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Chart 2 

The United States Is the 
·s~~ond Largest._Chemicals Exporter 
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• · The trade: balanc~· ofLS. chemical firms . 
remains in. healthy surplus. For some 
years.· the chemical · industry has 
accounted for over S 1 dollar of everv 
$10 of· LT.S. goods expons 1 and 
accumulated $182 billion in trade 
surpluses for the 1 0-year period ending 
in 1997. The United States is the second 
largest sim!le country exporter of 
chemi~als (Charts . and 2. previous 
pa~e). 2 . 

• The balance of · intellectual propeii:y 
.trade. is also strong: reflecting the high 

. intellectual content of products . and 
processes developed ..in ·the United 
States.3 'Exports of int~llectual property 
froin ·U.S. parents to their affiliates 
reached $3.2 billion in 1995, generating 
a trade surplusof nearly $1.2 billion. 

·• U.S .. im:entors ·hold 46 percent of all 
advanced materials patents filed in the 
United States. about the same share held 
in !982. Japan comes in second \\;ith 31. 
percent. followed by the European 
Union V:·ith 15 percent of U.S. filed 
pate_nts (Chan 3 ). 4 

• · The. United States· accounts for 28 
percent of all internationaL scholarly 

·articles in chemistry (Chan 4). 5 
· · 

Why lnri.ovation Matters 
In concert with strong U.S. performance. the 
industry is globalizingrapidly (Chan 5. next' 
page). New. market opportunities overseas 
and . a maturing technological base are 
dramatically changing the focus · and 

' Lenz. Dr. Alkn J. and Dr. John Lafrance . . 1/eeung the Challenge··. 
( ·.s lndustn· F<1ces the -'1'' Cenwn·-The ChemJCallndustn·. L.S. · 
Depanment.of Commerce. Office -~(T cchnolog~ 'Poli~~- J;u;uary 
)QQ6 p 30. . . 
: Chemi~al :O.tanufacturers Association. The C.S Chemical 
lndustn· Performance m /99- and Outlook. 

American Chemical Socie10 Cliemtech. ··The VS Competitive 
. -\dvantage in Intellectual Property Trade:. September JQQ7. 

'Albert. \lichael B .. Ph.D. Techn.ologtcal Competlllwness 
.~nall'Sis.for l:'tw Technologtes m 15 Counmes. CHI Research:· 
Inc. Haddt'n Heights.',!. ~9 October i99i Table I. p . .:io 
'"Facts & Figures ... Ch~micul & [ngm.:enng Seu·s. September 
I 40- hnp runs.acs.0rg Ji,,ta~cl .:enear·971!90 I master.html. 

.., 
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Chart 3 

U.S. ~nvent~rs Hold ih~ Largest ShareJ 
· · of Advanced Materials Patents 
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structure of the industn;-with profound·. 
implications for its futu"re investments m 
innovation. 

Participants in· the sector study described 
thre_e trends impacting the capacity· for· 
innovation· in ·the industry: · the global 
diffusion of R&D; fewer dollars and more 
focused R&D; and a shift toward higher 

· value products. 

Global Diffusion of R&D 
'Both the .volume chemical' companies an4· 

. spe~ialty chemical companies are increasing .. 
R&D efforts where they manufacture_:and · 
the ·~aiginal . doilar. of investment in plant 
and equipment is going overseas-now and 
for the foreseeable futUre. 

• •.\l 

• ·~ <'!' 

EUtopean chemical producers· were in the 
forefront of · the R&D ·globalization . 
movement. with the United States as a net". 
beneficiary. (Chart .. 6): The' Dep~ent of ._· 

·Commerce estim(lted foreign _ invesunent .· 
rep~esented. more than 45 percent of the 'total i 

· industrv investment in . chemicals m 1993 
Ch.irt i, next page). 6 

· 

But U.S. chemical companies ~are· moving. 
R&D operations overseas as well. increasing · · 
their oversea's investments from . $444 
million in 1985 t~ $1.6 billion in 1995 

. . 7 
(Chart 8, next page).. While these 
investments are concentrated for the most 
part m ·technical service and local , 

. custoinization, they .involve discovery 
research as well in more technologically · 
sophisticated environments. 
..... 

. • Dalton. Donald H. and Manuel G. Serapio. Jr. Globali:ing . 
Indus mal Research and Developmenr. U.S. Department of 
Commerce. Office of Technology Polic). Asia-Pacific Techm?logy 
Program. October I 995. Table 2. p. 15. 
- Suri·ey of Indus rho/ Research and De,·elopmenr: /995 .. National 
Science Foundation/SRS. Table 5. p."3~. 
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ChartS 

The Fastest Growing· Demand Will Be Overseas-­
-~ and Investment Follows New Markets 
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·· Europe Was in the Forefront of Shifting R&D 
· Investments in the 1980s and 1990s 
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The U.S. Chemicai Industry Is 
Globalizing Rapidly with 

· Profound Implications ·for 
lnvestme'nt in Innovation. 

I 

I .. 

I 
I' 
I 
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Chart 7 Chart 8. 

· Foreign-Affiliated Companies Ac'couhted for: $2.3 Billion~ 
-Almost Half--of All Chemical Industry R.&D in the U.S.A.-. But, U.S. Companies Spend More Overseas . 
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Chart 9 

... And U~S. Chemical R&D liwestment Is Flowing 
to New Markets. 
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Another driver of R&D globalization. ·: 
'beyond. co-location with manufacturing. 'is. 
the.· need to service new . markets and· 
customers better. More and more of their 
customers are shifting responsibility . for 
R&D · do\\-n :to their . suppliers·: · Materi~ils 

' companies, like· ()t4er suppliers,. are often 
· required to · ··help . their custoniers do 

applications research. A· decade ago: the 
manufacturing might ha~e gone o.verseas 
while· the R&D remained in the Uriited 
States. Today. the ability .to offer full-service 
operations .• near major customers-both 
foreign . c9mpanies and foreign affiliates of · 
U.S. companies~is increasingly part cif the 
'competition for new business. 

Arora and Gambardella also note. that the 
rise of · spe'cialized 'engineering firms ·has . 

. contributed to globalization by diffusing 
chemical process t~chnology internationally .. 
By supplying technology arid know-how for 
a wide .variety of chemical ·processes. the 
specialized· engineering . firms · have 

' facilitated . the entry of more and more 
sophisticated competitors. into. the· ·global 
chemicai market:8 . . . ·. • ' 

Fewer . Dollars 
Focused R&D 

.... 

Chart 10 

· • Company R&o Spending in ~.hemicals in. the.United 
Sta~es Has Stag.hated ·in .the .1990s 
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Chart 11 

· ·And the Chemical, Industry Has Shifted its 
R&D Focus Away from New Chemistry 

. . " . . . ~ 

Intensifying ··global compeuuon in ·· &o•.t..,---------,--"--.,--,-·-· _· ----------; 

commodity chemicals, · dnv~n both. by the 
growth of worldwide.. · operation.s · oL. 45% 

established manufactUrers and . the 'rise' of 
national· chemical industries around · the · 
world, has changed the amount and direction 
of R&D investments. Lower profit margins. 
have meant. )ess money for R&p overall-. 
and most' of the volume producers have seen. 
their R&D budgets stagnate in the nineties 
(Chart lO). . 

Company research dollars are more clearly 
focused on the bottom line. Twenty y~ars · · . ·' . . 

8 
Arora. Ashish and Alfonso Gambardella. "The Chemical · 

Industry-First. Version I 0 November 1997 ... Papers Pres~nred ar 
a Conference onAmerica 's lrrdusrrial Resurgence: Sources and 
Prospects. Board on Science. TechnoiO!!Y. and Ec'onomic Policv: 
National Research Council. Washinl!lo;.' D.C. December 1997 · P. 
18. -
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ago. the R&D departments of major · 
chemical companies devoted a signific~t 
portion of th~ir activities · to · basic· or 
curiosity-driven· research ·in .chemistry and 
related fields. Today, the returns · from 
manipulating molecules are too uncertain to 
support what one. company representative 
described as "innovation by wandering . 
around." 

As a result enormous shifts are occurring in 
the allocation of the R&D investment. 
Leaner R&D organizations still carry out 
research. often focused on incremental 
product or process improvement, · but 
funding for new chemistry as a whole has 
sharply declined. Some companies continue 
to invest in breakthrough technology, but a 
substantial portion of · that research is 
dedicated to improving their. position in 
existing markets (Chart 11, previous·page). 

By contrast the research . funding of 
Japanese companies has been rising 
steadily-from Jess than 4 percent of sales 
in 1985 to well over 5 · percent in 1995. 
Today, its industry is . more research· 
intensive . than either the Europe or the 
United States (Chart 12).9 

' 

Unlike. some ·other sectors, the chemical 
industry has almost solely funded its R&D 
activities. On average. the government funds 
about one-fourth of the R&D performed by 
U.S. manufacturing com'panies-but less 
than 2 percent of the U.S. chemical 
industrv, s research is funded .. bv the .. 
gove~ent. 10 Hence, declines (n i~dustry · ·, 
R&D funding take on greater sig.nificance · · 
for the future of innovation in the industrv. 

... • 'ol 

'Arora Ashish and Aifonso Gambardella. "The Chemical 
.Industry-First Version: 10 November 1997." Papers Presented at 
·a Conference on America ·s Industrial Resurgence: Sources and 
Prospects. Board onSc.ience. Technology. and Economic"Policy. 
National Research Council. Washington. D.C. December 1997. P. 
18. . ' 

'" Lenz. Dr. Aile~ J. and Dr. John Lafrance . . \feeti~g the 
Challenge t ·.s. Industry _Faces the: I" Century: The ChemiCal 
lndusrn l: .S. Depanment of Commerce. Office· of Technolog~ 
Po lie~ Washington. D.C. p. 21. Janua.r, I QQ6. 
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· Chart 12 

Japan'~ R&D Investment in ,Chemicals 
both the United States and the EU
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Cha'rt 13 · 

In the EU, Chemical Companies Are Shifting· 
R&D into Higher Value Segments· 

· Source: CEFIC. 
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. Shift . toward· Higher· Value 
·Products 
In both the United States ·and the EU, firms,. 
ate movi.ng. into . higher margin,. more . ' 
specialized segments of the industry: 
advanceq . materials; agricultural products, . 
. electronic.· matenals, biotechnologies·, and 
·pharmaceuticals .(Chart 13, previous page)., 
·for these aieas,··R&~focused ori research 
breakthroughs, · · not · incremental · 
Improvements ·in product or proce§s__:_plays .. 
a huge role in positioning materials · · 
companies for global lead~rship . .Irihovation 
flows from the multidisciplinary interface of 
sciences-chemistry, physics, ·. biology; . 
information and engineering~and the 
integration .of materials· ·technologies in. 
electronics, computing, optics, aeronautics, 
and automotives.. ·_:· · · 

'> .. ·~ 

The industry· itself is restructuring into. ne~ 
·technologies and markets beyond the· scope 
of · traditional chemistry and chemical 
engineering. . Indeed, the production . of · 
chemicals has become less an end in itse.lf 
than an enabling step that allows 
applications in other industries. 

~ ~ . 

The· United States ·.enjoys a comparative 
advantage in attracting investment in -!}lese · 
frontier areas because. of its more ·complex . 
university research· infrastnicnire~ne · that · 
overseas competitors canriot easily replicate: _ 

·Although there are centers .of' excellence in·· 
materials. scienc~ :in. Europe and Japan and 

.. emerg\rig in . China, . Israel and 'Rt~ssia, no 
country matches the United States in the 
sheer depth .and breadth of expertise. 

There are .. no signs. that breakthfough 
research will be .. globally dispersed. 

. Precisely because innovatio~ occurs at the 
interfaces betwee~ scientific disciplines and 
technology platforms, proximity matters: 
U:S. firrris may trawl globally for new ideas 
and talent. but their investments in frontier 
research ~d discovery remain'; clustered 'in 
the United States within companies and in. 

' . . . . . 

'· '' 

., . 

·~·. 

Frontier ·R&D Will Play a 
Huge Role as 

Companies Restructure 
towards Higher Value, 

Lower Volume 
Products ... 

··cliart 14 

·But the Federai Investment in Physicai·Sciei"ices 
and Engineeri_rig:Lags Other Disciplines · 
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pannerships with research universities and 
government laboratories. 

The problem is that the dollars available for 
investment in breakthrough research have 
been shrinking. Federal and university 
sources of funding for the physical sciences . 
are growing only slowly relative to other 
disciplines (Chart 14, previous page). The 
defense sector, historically. an important 
source of new materials, has decreased in 
size and contribution to the 'materials 
sciences 

11 
Large companies faGe a number 

of constraints in funding breakthrough 
.research. The time require·d to realize a 
financial return is long and risk-filled. There 
are few assurances that the company will 
fullycapture the returns on its investment. 

Sustained innovation in these areas will 
· require · new types of R&D and funding 
arrangements. The . ability · to · leverage 
,resources through partnerships, to· encourage 
vertical linkages among small and big firms 
and between materials companies and .their 
suppliers, and to fund multidisciplinary 
programs . that integrate materials research 
with process engineering will all be critical 
support components for innovation m the 
high-end chemicals industry. 

Emerging Vulnerabilities in the 
Innovation lnfrastru.cture 
The historical leadership o.f U.S. companies. 
did not happen by accideilt. Sector study 
panicipants identified four elements of 
national infrastructure that contributed to the 
strong position of U.S. firms: the qu~ility of 
the talent pool; a robust research 
infrastructure~ sustained industry investment 
in. R&D: and an environment that' supports 
commercialization of new applications. As·· · 
we look to. the. future, however, there are · · 
some problems in each of these areas that . 
need to be addressed by universities, 
companies and the government. (Chart. 15, 
previous page). · 

11 ~ational Science Foundation. Report of\'SF Panel on .~reas of 
Oppommlfy Dim10n of.\laterials Research. January 11. 1995. 
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Talent Pool 
Respondents to the. sector ;uiveys agreed 
that human . tal~nt was their' chief priority 
and major concern. As one company .noted, 
investment will flow wherever it finds the 
best people. Historically, .. b<;>th the 

. investment •and the people have come to the 
United. States-one. indication of the 
stre.ngth of the university system and th~ 
leadership · in c~ning-edge . .research. 
Increasingly,· howeye_r, participants perceive 

. that . the ·'talent pool · that supports the 
chemiCal industry in the United States is at a 

·.· . crossroads.. . . .. . .. 
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U S Eight!: Graders Fall Be:'l·n::.:: ~Jary 
Other-s 1n Sc1ence Acn1ever:ner.: 
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" 

Failing K-.12 systems:·Most are troubled 
by a. flawed K--12 system, particularly in· 
math and sCien~e, that foreCloses a scientific 
·or engineering career for u.s, citizensat the. 
earliest stages of th.e edu9ational process. 
The recent TIMSS study ·comparing . the 
academic achievementS of .7th. 8th' and 12th 
grade·· students in ·science. arid mathematics 
.across the 'world ra'nked the' performance of 
U.S. students behind ·singapore, Japan, 
South;: Korea, England, ·Australia and 
Ireland.:_a clear warning signal (Chait 16). 

{i(!o . . {!!• . (!-1:> . s_,• . . . (!-1:> t'' (!>~ e' ~ . 
'). t-0 • ~· ~· ~· . .;:,'P' . (.'. ,i" t-.0(!-

. . ~- '<-~ to""' " ~e~ . . ~(b , 
. . . • ·.-~0-

Source: lEA. Third International Mathematics and Science Study 
(T/MSS) .. 1994-1995. 

·. ··' 

A·vailab'ility of scientists and ·• 
engineers: The . graduate student. science 
populatiqn has been static_ or declining for 
the past 10 years (Chart 17). In the physical 
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Chart 17 · 

The Numbers. of U.S. Graduate Students· 
in the .Physical Sciences Are 

Sta~ic orDeclini.ng 

.... 
. . .. 

'• 
"Chemistry 

-
.. ; . . · . Physics 

- ·-· - ~ ..._ -· - ....._ -- - . 
.. sciences, the numbers,.of graduate students 

dropped by .2.6 percent between 1994 and 
1995 and remained alrri'ost fla,t. pver. the. 10 
years period .. betWeen · 1985~-1995. 12 In . 
metallurg.y · and ·materials · ·and · chemical· 
engineering, the number of . graduate 

_g .. 10 
~ . Chemical Engineering· 

5 - - -- - - - -· stude'hts· dropped by 5.8. percent and 2.6 . 
percent .. respectively ·. be~een . 1994 • and' . 

,. 
.• Metallurgy &. Materials Engineering· 

1995:13 While the number of ·students' ; (j 

' enrolled in chemical· engineeri,_ng. programs 1985 .1987 1989' 1991 ' 1993 ' . 1995 
had essentiall'v ·no gro~ih over the decade to . , . 

. 199~, .ihe mi~ber of graduate students .in . Source: American Chemical Society. Chemical & Engineering News . . 
metallurgical and materials. engineering··. September I, 1997, . 

· · · ·· · · ·:. · ~ ,; http://pubs.acs.org/hotancl!cenelif/97090 1/gradwite.htrnL 

_,·:Chemical & Engme~ring . .\'l!ws. AmericanCh~mical Society I· 
.September 1997. · . ··· . · 
hnp:i/pubs.acs. org/hotanclicenear/97090 I igraduate.html: 

· '-'Ibid. , ·:.- . . . 
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posted a slight 2.8 percent rate of gro\\th 
over the decade. 14 

Robust University 
Base 

Research 

One of the core strengths · of the United 
States is its leading-edge university research 

· base. Over the past · 50 years, the United 
States ·has led the world in the depth and 
breadth of contributions by its universities. 
These i~stitutions are a vital link: in the 
continued leadership of .the United States, 
particularly . in · chemicals and · advanced· 

·· materials. An analysis of industry patents 
shows a relatively . high linkage between 
basic science and industry innovation in the 
advanced materials sector (Chart 18). 

Sector participants had concerns about: 1) · 
the declining levels of funding for frontier 
research at universities; 2) the need for more 
multidisciplinary programs that reflect the 
state-of-the-art in • industry; and 3) the 
barriers to university-industry. partnerships 
which impede· quick diffusion of research 
results. 

Declining Funding Base: The end of the 
Cold War has hit the. funding base for 
chemistry . :and ' chemical engineering 
disproportionately hard. Because the federal 
government's support for research is 
mission-driven, the post-Cold war budgets 
have seen a net shift of resources away from· . c · 
physics, chemistry, mathematics, and . ~ 

u.s. Industry Relies on Basic Science 
More than Competitors--but 

J.~chnology Deployment Cy~~es .~-~!- .. ·\ 
ower ~USA 

1 
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Source: Albert, Michael ~., Ph.D.' ~echnol~g1c~f.Compemiveness I , 
Analys1sjor Fcve Technologies in 15 Countries. CHI Research. Inc.. 1

· 

Haddon Hoigh~. Ni. 29 Octobo• 1997. Fig"" !1, p. 29. ·~ 

Chart 19 !. 

R&D Fun-ding in Materials-Rela~ed 
Fields Is Inadequate 

~~ 
10~~--------~------------------~------~ 

!'. 

:::: 
engineering into the Jife sciences (Chart 19). 8' 4 ~=:::::.---~=~.....:.~~~---------;__--.Jl 

The universities are in the front lines of 
. funding stresses. Although funding · for . ' 
academic· research· has rebounded recently, . 
the physical sciences are not faring as well 
as· other fields. The· percent increase in 
research funding for the physiCal sciences 
between 1990 and_ 1997 . was lower than in 
any other disciplines-by a considerable 
margin (see Chart 14). 

"Chemical & Engineermg Sews. American Chemical Society .. 1 
~ptember 1997 .. . 
hnp:.' ipubs. acs. or~·'hotanclicenear/9~090 I !graduate .html. 
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Multidisciplinary Programs of Study: · 
In~ustry respondents stressed the need for 
graduateS.· who could ' communicate. acrOSS 
disciplines-individuals who had breadth as 
well as depth. They noted that university 
training· has become narrowly specialized 
and ·stove-piped. Ph.D .. _. candidates take 
fewer courses 'than they did 15 or 20 years 
ago and t~nd to immerse ·themselv~s deeply 
into a particular area of research almost 

· · immediatelY: . Many departments · have 
minimar course di~tribution requirements · 
arid offer no mmor . fields . of study· 
requirements. 15. . .. 

Universities have unwittingly exacerbated 
the problem by failing to foster linkages· 
among . different departments and 
disCiplines. Industry has also . exacerbated. 
the problem by . failing to create sufficient 
numbers of internships arid co-operative . · 
pro·grams that would ;; \pose students to the 
teaming and cross-di.sciplinary efforts· that 
characterize industrial labs. · · · 

•, : 

-.'•. 

There are signs of serious efforts to address 
the issue. The National.Science' Foundation·· 

. has recent! y · launched the I G ER T Program­
(Integrative · Graduate. · Educatio~ ·and 
Research Training) to · ~nable . the· 
development of multidisciplinary programs .. 
Projec,ts support by IGERT- are based on a· 
multidisciplinary . research theme and' 
organized around a . diverse '·group . 'of 
investigators. A . number of university· . 
respon~ents have also indicated that their 
institutions are seeding cross-disciplinary 

· programs at the undergraduate as well as the 
· graduate level. The sector intervie:ws did not 
highlight· any similar programs in industry,­
but companies could a'lso re-orient their 
university funding programs along· thes~ 
lines to reinforce tpe incentives ·· for 
multidisciplinary work: . 

·,, ,.an Opstal. Debra Global./nnovati~n·Sationa/ Competiuveness. 
Center for Strateeic & 'International Studies. V.·ashinl!ton·: D.C. · 
1996.P21- -

II .. 

.,; __ 

' ·.: 

,. 

... 
•. 

. ; ;~ . 

·'New Technological Priorities 
Drive the Industry 

! : 

~eta Technology 

Proeeaa Engi"ll8ring 

. • ,. ' 

. New Catalysts· 

Multifunctiona! Matenals· 

. Prediction ~ Matenals Propernes 

··synthesis Technology 

Additive Technology ·. 

Prease Manipulation of Molecules 

Enhanced Performance 

New Design Prin6ples. Tools. Systems 
And Infrastructures 

. . '. ' ~. 
Manufactu~ng FlextbthtY • 

; . 

Source: Based on Technology Vision 202~The, f..i.S''chemical/ndusrry 
American Chemical Society; Amer!cll1llnstitu~e of Chemical E,ngineers: 
Chemical Manufacturers Association: council for Chemical Research: 
Synthetic O~ganic Chemical Manufacturers Association. ,19.96. · 
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Barriers . . to University-Industry 
Collaboration: University~ industry 
partnerships are critical to sustaining the 
capacity for innovation in the United States. 
Because companies have narrowed their 
research focus to "enterprise-enabling" 

· research and shorter-term product research. 
they rely more than ever on universities to 
generate the .science to fuel breakthro.ugh 
research and discovery. 

Even as the need, to -leverage research has 
grown, industry survey participants contend· 
that the process ·of technology transfer has 
become legalistic . and burdensome. One 

. company's preference was not to· partner 
with "first-tier" research universities that; in 
its view, were i~flexible. Pricing is an issue 
as well. Industry representatives belie_ve that 
universities overestimate the value of 
intellectual property and underestimate the 
additional investment required to· tum a 
research. discovery into a product. Ther~ . 
appears· ~o· be a widening cultUral. gap· 
between universities and ·companies over 

. intellectual property that needs . to be 
addressed .. · 

·Sustained' Industry Investment 
As the indust'ry-:tnoves into new ·areas of· 

' ' , ~ ) . I . 

research and technology, the need for risk 
capital is likely to grow beyond its 
availability. There ·are both market and 
policy constraints on risk capital availability. 

Venture capital interest in· this area .is 
· limited, ~ particular problem for .. ~he. sm~ll . 
. start-ups and fast moving entrepreneurial 
companies which devote most of their · · 
efforts .. to breakthrough products · and 
technologies. Of the estimated $8 ,billion 
that was avaihible in 'the private venture 
capital market in 1977, less than 2 percent 
went to materials start-ups. Disincentives for 
VC investment are structural. The long cycle 
times and relativ~ly high failure rates, ·the 
lack of assurance about the protectability of 
the technology and the inability to set a 
market pnce (gi.ven that materials 
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companies are· part of a value~chain) pose . 
fundamental barriers to increased . VC 
interest.· 

At the same time, sustained federal funding 
for critical . programs, such as the ·small 
Business Innovative' Research (SBIR) 
grants, is uncertain and unpredictable. Such 
programs are 'the lifeblood. of materials 
startups. ·. Materials-related research 
accounted for one.::sixth ofall SBIR grants in 
1993 (Chart 20). 16 According to a Harvard .... 
Business School study, high~tech startups 
bolstered by· federal R&D .grow 40-75 ,.·. 
percent ·faster than those without · · '. · · 

'· I 

-Chart 20 · 

Small Business·I.nn.ovation Awards, by 
.. Technology ~reas: 1983-1993 

Mechanocal 
performance of Con"!)uter .. · 

InformatiOn 
processong & 

analySIS· ·• · 
20% ' 

· 17 ·. '·· ·comlers,atior•-government support. · 

Federal tax incentiyes for R&D also fall: 
short of stimulating more risk . capital 
~vailability. Although chemical companies · 
have the highest levels ·of · R&D. per .. · ~ · 

' employee of. any,.· industry; . the relative 
decline ,in their R&D spending reduces or 
eliminates eligibility for the R&E tax credit. . 
The .· credit was. iiu.ended . to : encourage 
companies . to invest more in R&D· in the 
United ·states, but it requites an anilUal 
increase in expenses over a . base rate.:_ · 
regardless Of the level of the base. ·· 

Short of restructuring the credit, federal . 
policy could ince11:t high-risk investments in 
innovation in 2 ways: · 

Tax Incentives · for Research 
Consortia: Materials research is a natural 

. area for partnership, given that t~e costs and 
risks are high, and the appropriability of the 
investment is uncertain. Although. the nation 
supports partnerships as an important policy 

· goaL the tax code ironically disadvantages 
companies which participate ih collaborative 
research efforts by lowering their eligibility 

· for tax credits. According to a recent study 
by Arthur . Anderson, the tax credit 
companies receive from · contributions. to 

1
• National Science Board. Science &.Engm~~ring lndicators­
(J96. Washington. D.C. 1996. Figure ~-10. 
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Source: National Science Foundation .. S~ience & £·~-:."-· ·.:· ':~'? 
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R&D consortia may actually be .lo~er than 
if the company had performed th~ R&D in 
house. The study concludes that a flat R&D 
tax credit for member contributions to an 

· R&E consortia would increase national 
incentives for partnership and col.laborative 
research. 18 

Tax credits for R&D .acquired· as. 
equity investment: Some of the. most. 
promising breakthrough· research is being · 
performed in small compani~s. The trend in 
the industry is . to support this work­
sometimes through ·direct funding ·of 
external R&D, . which is a:· · qualified 
expenditure . under' the . terms of tl:te credit. 
Increasingly, howeyer, co~panies are 
offsetting the level of risk and cost of the 
R&D expenditure by · taking an equity 
investment in the small~ co.mpany or start-up. 
Although these R&D investments are often 
aimed at developing very inn~vative and 
high-risk technologies, they d~· not qualify . 
as R&D expenditl.rres for the purposes of the 
tax credit. 

Ideas ·to Market 
The ability to discover new materials is no.· 

. guarantee of leadership unless they can be 
affordablv commercialized. This tends to be 
a chicke~ · and egg problem for rnateri~ls 
innovation. It is difficult to invest in new 
materials development until a commercial 
application is assured while commercial 
applications do not generally emerge until 
the material· is developed. · 

~. I' 

This inherent contradiction is creating a drag 
on investment . in and development of new 

. materials. Sector participants identified three 
principal need's. . 

Catalyzing Vertical Partnerships: 
Linkages between materials suppliers and 
end-users can. · bridge the gap between 
innovation and application. Companies in 
this sector believe that the federal 
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government. particularly,.through pr.ograins- . 
like the Advanced Technology Pro grain, can­
be instrumental in · ·catalyzing vertical 
integration. The net effect of ·such 
partnerships is to lower· the risk for the 

· materials' suppliers and speed applications to: 
market by their· customers .. For·_ . one 

·.company, an· ATP ·grant served: .. as an·· 
external 'review mechanism that validated its 
ongoing research into high temperature 
supercondJ.Jctivity-a program that was 

·about to be cut based on its lack of return. 
Material~ companies· positive vi~w towards· 
the ATP program. have, ·Jess to :do with . 

. funding levels than. its ability to create the 
right· · environment for investment m 
innovation . 

.' More Interface Between Science and 
·Engineering: Ih .materials,· the lines 
·-between: b_asic research, development, 
application and engineering ·. increasingly 
overlap, but the science and engineering 
departments often do not. Concurrency and 
teaming among .scientists and engineers is 
critical . to solving: .. complex problems 
effectively, but chemistry and. chemical . 
engmeermg remain worlds apart.. 9n 
university· campuses. . This not · only 
diminishes the research effort ahd slows the 
qiffusion of ideas into_the market but fails t<;> · 
prepare students for the challenges they will : 
face in industry resear~h .departmei)lS. . 

More · Emphasis on Process 
Research: The seminal report Of ·the 
National Academy of Sciences on materials. · 
science and engineering concluded ~hat: 

··synthesis a~l processing tog.ether form a 
critically important element of niateri~lls 
science and engine~ring that has too often 
been neglected . by universities, industries 

· and government. Because of weaknesses in·.· 
. materials synthesis, there is growing concern . 
that the United States is . losing . its· 
dominance in basic materials research ... 
The essential difficulty seems to be that. 
V.·ith increasing frequency. industries abroad 
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are ·bringing the results. of R&D or. of. 
. innovative design to production and then to 
the marketplace in considerably less time 
than is the current practice in this country. In 
too. many instances, the new products 
produced elsewhere are more innovative in 
design and more reliable in function and are 
produced at a lower cost than in the Un'ited 
States." 19 

The reduction in defense procurement­
which provided funding· for process research 
as an integral part of applications 
development-has brought this issue to . a 
head. Without the stimulus of procurement, 
the low dollar support (a few hundred 
million for .the whole country) and the fits­
and-starts-funding. patterns for materials 
engineering have exposed weaknesses in.the 
U.S. system (Chart 21 ). Although materials· 
engineering is. often treated as the . poor 
stepchild of discovery research, the techriical 
problems associated with advanced 

. ,processes and· the development of new· 
catalysts •. are no' ' less scientifically 
challenging.· 

The NSF 'is attempting to address this issue 
· with the creation in 1996 of 13 · more 

materials engineering research centers, 
bringing the total number to 24, Indeed, 
increases in NSF funding single-handedly 
improved the. funding outlook for the field. 
But, this is largely reflective of the fact that 
overall funding for materials engineering is 
relatively low. NSF cannot .carry the full· 
burden of a system-wide problem. 
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Federal Oblig~tions to Universities & Colleg~s ~or!, 
· Research in Metallurgy & Materials Engineerinb l 
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What Should We Be Doing 

Bench~a'rk the Industry: The I<i.ck of. da~a o~ ··. 
the advanced materials sector-research funding 
and performance, · enrollments~ , .international 
comparisons-is handicapping the industry's ability . 
to assure national support. The companies arid ·their 
associations should take the lead· in aggregating 

: information on a sector' whose importance to the 
economy can only increase. ' '• 

; . .' ' 

Assure Governm~nt · Suppori for Froritier 
Science and. ·Engineering:· The definition of 
frontier research is 'that the path ahead is. dark or 
unknown. precisely the :areas in which industry is 

. unlikely to go. As industry research has become 
more strategically focused and tied to the bottom 
line, government support in ·frontier research areas. 
of science and engineering has .become critical to 
sustaining innovation. In addition, there is a need 
for more dedicated investment in diagnostic· and 
'control instrumentation which is becoming ever 
.more sophisticated ahd expensive .. 

Stimul~te Concurrency · ·and Teaming 
Between Scientists and Engineers: Current· 
university programs, even· multidisciplinary ones. 
tend to emphasize fundamental theory. analysis and . 
discovery rather than' materials design, processing·; 
·and ·manufacturing.. Total . federal support., for .· 
materials engineering, in'the hundreds of milllo.ris 

,., for the entire nation, is already far from .optimum 
levels. But. the separation between the science and 
engineering departments further. · undercuts the 
ability to deploy new materials knowledge quickly; 

. , and economically 0 

.. : : 

Strengthen Tax Incentives for Collaborative:·· .. 
Research and. Investment in Small 
Company Research ··Programs: Sector 
partiCipants indicated that; .. although their 
accounting departments take advantage of the R&D 
tax credit. it does ·not .influe!lce· their up-front: . 
decisions on how much to invest in R&D. Barring 

. a restructure ofthe credit, they ·offered two ways 
that reform of·· the tax credit could stimulate -· 
additional R&D investment in ·support of ~ational 
goals. Collaborative research efforts would be,, 
encouraged if the credit for consortia was· a.Jeast .as'·, 
large overall to the credit . received for in-house 
research. im·estment in. small company i~O\'~tive 

.',. 

research co.uld be stimulated if coverage of. the 
credit ·were . extended to R&D taken . as equity 
investments: 

Sustain Support for. SBIR: The. Small Business 
· Innovative Research program is a sienificant ·driver 
of·materi~ls-related .innovation in this count~. But. 
its funding-tied to . agency res~arch budget~-has 
become inconsistent arid uncertain~ The program 'is. 
critically important;· particularly for materials start­
ups, and needs a sustained source of support. 

_Increase the . Availability of Industry 
.Internships a~d Peer ·Interactions: Industry 
has a responsibility to help familiarize students with 
i':ldustry research . methods and organizations . 
Companies need to play a plOre pro~active roie in 
supporting. university .internshi.p . and co-op 
programs· that provide ·students and· faculty .. with 
direct exp_osure to research rieeds and opportunities 
in the priv~te se.ctor .. 

Catalyze Industry Partnerships: Government~ 
supported partnerships; like the AJ:P, play a critical 

. role in materials innovation beyond the money that 
the government cost shares with the private sector. 
For .some companies,. the partnerships stimul~ted 

vertical linkages · ·with manufaCturers for 
applicatioris research~leveraging both cosr and 
risk .. For others companies, the .peer-re~iewed · 
proposals validated the quality of in-house research 
in longer-term project areas, like high· temperature 
superconductivity. The program~ ha~e. far ·more 
reaching, yet · often subtle; impacts than their 
r~latively small levels of funding would imply. ; .. · . 

.Act Now to Revive.K-12 Ed.ucation: A wide 
range of solutions to America's failing K-12 system··:·· 
haye.been proposed-from setting higher stand.a~ds 
for students and teachers, to encouraging' stronger'' . 
leadership by school administrators, to introducing. · 
competition in school systems. The ~iable solutions 

· are on the table; the time to act is riow .. 
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Co-Chair and Sector Advisor Biographie!; 
.. , ' 

Dr. William E. Coyne was appointed 3M's senior vice president for R&D in January 1996. Prior to that. he 
served as vice president for R&D, president and general manager for 3M Canada Inc .. and group vice president 

·.for the medical products, health care, and the health care products. and service groups. He received his B.S. in 
pharmacy and his M.S. in pharmaceuticiil chemistry. from the University ofToronto and·earned his Ph.D. in 
organic. chemistry form the University of Virgi~ia .. 

Dr. Victoria F. Haynes is vice president of R&D and chief tec~ical officer of The BFGoodrich 
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Going Global: 
Automotive ·Industry 

Industry Co-Chairs: Kenneth Baker 
· John McTague 

Sector Advisor:· Ron Pandolfi 

·Why Innovation Matters 
'The· automotive. industry is in the 
midst . of. a major technological 
transfonnation that promises to alter· 
substantiall~ .the cars we drive and 
the way we drive them. There is a 
revolution underway . in · electronic 
and automated controls, fuel­
efficient or alternative fuel vehicles 
and lightweight materi.als_:_and it is 

• occurring. at a more rapid rate than 
envisioned even a fe-w years ago 
(Figure I). 

Newly engineered materials will. 
provide ·lighter vehicle structures 
with imp~oved corrosion resistance. · 
New electric motor designs. baneries 
and power semiconductors are 
enabling electric· vehicles, Jumping _ 
up a step \n .complexity, these same 
technologies will support hybrid 
vehicle concepts that· couple· electric 
propulsion with . a heat engine 'for 
longer distances. ·Over the horizon. 
but~ .. gaining. speed. .are .. fuel cell 
dev.ices able to transfonn fuel, and air. 
dire'ctly into. electricity without the 
efficiency limitations imposed .. by 
heat-engine cycles. The revolution in 
microel~ct~onics . and i~formation 
technology will enable · drivers to 
avail ·themselves of new 
coinmtm.ications syste~s ; . and 
services, _including navigation, 

'·· 

entertainment . and vehicle .. 
diagnostics. Further out is the option 
to remove the. driver from 'the loop 

·, entirely via automated highway 
systems. 

I 

The. autom.otive 
industry is in the midst 
of major technological 

transformations ... 

Figure 1 

-· Source: Rocky Mountain InstitUte. 

. ·. Lea~f3rship in 
.. advanced automotive 

technologies will .. · 
· determine whose. 

companies dominate. 
the car markets of 
the 21st century. 

' ~ . ,. 



The pace and timing of innovation in 
this indu.stry is crit.ical. Global . 
c.ompetition in -~he automotive 
industry \\·ill be based on qeveloping 
cars" . suited · .. to less :tni.ditional 
markets. where the. transportation 
infrastructures are · ~ften. n~t well. 
dev~loped,. ·per capit~· incom~ is· 
lower .. and the 'price of . fuel is 
higher. New technologies and 

. alternative designs are necessary 
simply to. make driving .possi.ble for 

· . millions . of people · in . emerging 
economies. But. leadership in 
advanced automotive technologjes 

. will .determine which car companies 
dominate .the global milrkets ~f .the 
21 sr century: 

Globaliza'tion "' : of .. the 
Autom'otive lnd.ustry 
The. end· of .the Cold War cat~lly:h!d 
new forces that have . fi.mdamentally > 

changed · the · · balan~e Qetween 
· national ·and ·global drivers for the 
industry .. From its earliest days~ 

nations have looked to :the · · 
automotive industry as a mainstay of 
employment and .a showcase ·for 
national capabilities. . Nations 
nurtured thejr .auto · manufacturers, 
and ·~ative corporation' rallied behind . 

·their national flags. ·A nation's 
welfare . -w:as ·integrally cotuiected ·, 
with ' the · welfare · of: .. its . major 
automotive 'manufacturers. '.<: 

Today. acquisitions and. mergers · 
· have blurred the· traditional national 

identities in the automotive:industry. 
The traditio,nal large-seal~ ··vertical 

. ,integration within a single country is . 
giving way to a more flexible 
horjzontal diffusion · of operatio'ns· 
that. span geographic and national 

· borders .. Two forces .are shaping 
· globalization .. iri the industry: the 

. . . . ' 

2 

I .. l ;. . I' 

. ! \ 
. ' 

And the fast~st. growing 
. markets are· overseas. 

· Chart 1 · · 1· 1 
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• gro~1h of demand offshore and the 
emergence of new national 
competitors. 

Growth in Global Demand: For 
the · fi;st time in a hundred years, 
there is virtually no net projected 
growth in the industry's traditional 
markets in North America. Western 
Europe and Japan. Most of the 
gro~1h · in demand will be in the 
emerging economies of Asia, Eastern 
Europe/Russia an.d Latin America 
(Chart 1, previous page). .U.S. 

· automotive manufacturers are 
building new capacity where demand 
is · the greatest-and sending R&D 
operations overseas with production 
(Chart 2. previous page). 

Although the United States remains 
the dominant location for research 

·investment by U.S.' manufacturers 
and suppliers. as well as for foreign . 
companies, R&D · investme':lts at the 
margin are flowing overseas'. The.· 
United States and Germany hold 
about 90 percent of. the industry's 
nearly $18 billion R&D investment, 
but sector executives indicate that 
investments in other countries­
notably , China. Japari. the U.K., 
France. Sweden and Israel-are 

·expected to rise (Charts 3 and 4). A 
growing proportion of their research 
abroad extends. beyond that needed 
to meet local regulations. Indeed, . 
new product and fundamental 
researc.h is an increasing part of the 
research.mix overseas (Chart 5). · 

Growth of 'New Competitors 
and. Capacity: Many nations are· 
making serious efforts to build up 
domestic automotive capability, far 
beyond estimated local demand, 'or 
anract foreign automotive 

,. 

,. 

R&O is going global. 

~,.chart 3 

Although Most R&D Investments by U.S. Companies 
. Are in the United States and Germany ... 
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iir~·estments~-~nd with . good 
economic. reasons. The industrv ~is a 

• • . J 

major driver off"econorpic growth. · 
· e'mployin'g millions Of people· often . . 

at higher than average wage rates. It· · 
is an' enor111ous: · .. wellspring . of 
technology, bringing. up, the' overall 
national level of . component and 
manufa~turing technology.-:'tiaving. a 
robust automotive industry ·remains . · 
ohe of the key. indicators 'of first-

. nation status. F e\V lar!ie nations have· 
been able to sustain a , robust· 
economy _without one. 

· The net effect on the· global Industry, . .. ' ....... . 
however. is substantial overcapacity? 
which has created a . high~stakes 
~orripetition. for market share {Chan 
6). Globalization •of capacity forces · 
companie's ·to compete . .for .. business .. 

_in· each aspect o( the automotive 
-industry, lnd-~pendent of the nationid 
flag · of the corporiltion. This.-._ is 
particularly true for :: supplier 
companies, but also increasingly true 
for auto manufacturers, . ' 

.. Whe're We~Stand 
Th~ ··U.S. auto . industry views 

. technology . as. the key to global 
competitive s~ccess. The companies 
are among the highest R&D 
investors in';:my U.S. ipdustry (Chart . 
7) .. For the' United States. advanced 
technology ~d innovative research 
remain the key, and perhaps the only, · 
means ·of grow;ing its global share of 
the au~omotive industry. . . 

, . 
. . ' 

Our · margin of . technological 
. leadership is bolstered not oniy by . 
the: R&D· tha:r .U.S.· companies 

. · ·perform in the United States, but also . 
by significant ·R&D investments in 
the · U:S. · by, all . major global 
competi.tors. As the industry goes 

. ·, 

., 

4 

.· . 

!•': 

... . 

. . 

Global overcapaci_ty is 
r intensifying com'petition .. 

' . ,· : ·. ., \. : . 
Chart 6 ;~ .. 

. G!obal Excess Capacity._:.~;: 
·Regional Distribution: Average 19~7-2002. 
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·U.S. automotive companies are among 
. ttie high~St R&D imiestors. j \ 

. \\ I' 
·: Charn. 

.Top 10 U.S. Industrial R&D-Spenders in 1995 
·(billions of dollars)· 

• General Motors 
•Ford 
•IBM 

•AT&T. 

. · •L~cent Technologies' 
: · ·. iiMewlett-Packard 

"·' . •Mo~orola . :· 

.. •Johnson & Johnson 

•Pfizer 

. •.Chrysler .·f.· 

·. Source: Ford Motor Company. 
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global. the ability; to anract high 
value research activities ·and. high 
tech plants irito the United States will 
be criti~al. regardless of the flag of 
the corporation. 

But, U.S. leadership in automotive 
technology is not guaranteed for the 
long-term. Sector·::. ex'ecutives 
expressed four principal concerns. 

• National and industrial .myopia 
embodied in· a tendency . ·to 
concentrate on product and 
process innovations . for the 
familiar. but saturated. traditional 
markets 

• Risks to the U.S. engineering 
talent pool 

• Growth m science and 
technology .. competencies 
overseas 

· • Natiorial policies that create de 
facto advantages for off-shore 
competitors 

National and Industry Myopia: 
The October 1997 Toyota Motor 
Show pro':ided a wake-up call to the 
international auto industry that the· 
revolution . in. automotive 
technologies may be coming faster 

. than anticipated. In· response· to the. 
unveiling of several fuel-efficient,. 
low-emissio~ cars by Japanese 
manufacturers. u·.s. auto makers have · 
stepped . up the· timetable for the. 
i~troduction of their own adv~ced 
technology 'models. But, ·the lack of 
demand for such vehicles ·in their 
home-:and largest.:_markerremains · 
a key innovation hurdle. 

The U.S.' 
fundamentally. 
other markets 

auto market is 
different from the 
aiound the. world. 

Americans rely on their personal cars 

· ... 

5 

' .. 

But the U.S. market is 
' . ' . 
increasi.ngly unique. 

Chart 8 

Americans Travel .Much Greater Distances ... 
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Source: Lawren.ce Berkeley Laborator::.'lntern~tional Energy 
Studies: Energy Amilysis Program. 1995. · 

Chart 9 

And Use !Yiuch More Energy ... 

Source: La~rence Berkeley Labo~tory. International Energy Studies. 
Energy Analysis Program. 1995: 
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more thananyone else does. The·vast 
majority, 91 p'ercent. r~lies ~ri cars as· 
their principal·. . . .. mode 9f 
transportation .. and ·most. American 
families OV.TI t~·o cars. Our tastes run 
towards·.heavier vehicles. The {astest. 
·selling ~ars in . the. United States. 
today· are light~·eight trucks. Given 
the longer · distances traveled . in 
heavier c~s. we .. consume .· more: 
energy per vehicle than Japan, West 
Geirnanv and the U.K. combi'ned . ., . ., . . ; .. ~ . 

·(Chart 9, previous page). 

Prices at the pu~p ·are also ·lo~er.in. 
the. U ~s· than almost an)':where else 

. (Chart 10). These differences ih gas 
prices ·have· fess ·to. do with. the base 
price of oil than. the fac~ that· foreign· 
g~vemments · impose m~ch· higher 

·taxes" on fuel (Chart 11): The 
problem i~ that when a gaJlon of gas · 
.costs less than a comparable gallon 
of milk or water. customer demand 

• • I ' 

· for innovation for·· fuel-efficient· or 
alternative fuel vehicles · ts not 
particularly strong·. 

· .. Ultimately~ the liniqueness ·· of the 
Am(!rican market. is unsustainable. 
GlobaF dimate change concerns 
related to atmosph~ric carbon 
~ioxide are.· growing,. although more.··. 
research is neede9 to establish· both 
the linkage and the . impact: 
M~reover. · iricreased motor vehiCle . 
production will . drive up prices for 
.raw materials. including· oil, in the 

·U.S. market. J'ik~ly 'forcing a.shift in 
.. consumer preferences . towards more . 
fuel efficient vehicles. 

"·. 

The bifurcation of,-the .U.S. market 
trom the.rest of the world, however, 
cre~tes current innovation dilemmas. 

. To stay. in th:e g·affie globally~ U.S.~ 
based manufacturers· must innovate. 

•, ·, 

·;;. 

6 

' ·, .. 

, ...... 
': . 

Chart 10 
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But. the market pull ·for advanced 
technology . vehicles . is coming 
pl-imarily from overseas. which in 
tum reinforces pres~ures on U.S. and· 
foreign manufacturers . to shift . 
im:estment globally. Such as shift 
could damage the U.S. infrastructure 

·for innovation .in the automotive 
· industry. 

. •. 

Without a mitional strategy· <md · 
agenda to leverage . industry 
reso~rces for breakthrough research 
and engineering in the U.S.. io 

·stimulate consumer demand for fuel~ 
efficient and alternative fuel cars, 

. and to provid~ the infrastructure to 
fuel them. it is not clear that the key 
.technologies . ·transforming the 
industry will be · developed and 
deploy~d here. The danger is that ~his 
could ·be a revolution that occurs 
overseas. perhaps even led by U.S. 
companies operating abroad. 

Risks to .. the U.S. Engin.eering 
Talent . Pool: .. Lagging support .for .. 
university research and declining 
numbers of engineers do linle to 
offset these centrifugal investment 
press tires. 

Automotive research spans a wide 
range of basic 0 and applied 
disciplines. The basic disciplines of 
physics. chemistry, mathematics, and 
engmeenng remam fundamental to 
the .auto· industry; a host of new 
tec~ologies m materials: energy, 
and electronics are setting the pace 

·for development. 

But, . funding for the physical 
sciences and engineering in .U.S. 
universities has · been static or 
declining over the past decade (Chart 
12}. With the erid of the Cold War. 

7 

en 
:::) 
,... 
ao 
en .... 

Risks to the research base and 
· .· t~lent pool. 

Chart 12 

Support for University Research 
in Engineering and Phys.ical Sciences 

.Is Lagging 

10r-----------~---------------------------

1973 1975 1977 1979 1981 _1983 1985 1987 1989 1991 1993 1995 
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. DoD funding. a. pu!\vark of. support·,.. 
for these ~ fie'lds ... has also . declined .. 

·· substantial!\' .... · :. Indeed: ·. recent· 
. estim~tes \'ndicai{ -that · the· overall 

' . .· :· . 

DoD budget for basic and applied 
resear.ch. is reachin!Z a· 35-~vear low 

:Chan ~ 3, p~evious p~ge}. ·.- . 

... Sec'tor p'artiC"ip~nts .. were ·.also 
·.concerned about · the qua\ity · of 
education and technical training at all 
levels in the United States. Global_ · 

·:competitiveness . to . attract -··auto 
industry investment will hinge- on 
access to a. well-trained workforce. 
Over time, the industry· will be 
drawn to regions providing the 'best . 
educational ·and trciining· ···· · 
infrastructure.'·._ 

,·;·. '.,' 

Recent ~tudies indicate th~t the 
Unit~d States l<igs o'ther . nations .in. 
the quality . of its . science . and 
mathematics education at the K-12 · :~ 
level (Chari 14). Apprenticeship and 
vocational . training opportunities 
remain_ much higher overseas. This . 
constitutes a major competitiveness 
issue for the U.S. auto industry. If 
produci quality is to meet· global 
. standards .. assembly workers must 
· mas·ter -a \¥ide range of technoiogies 
includin·g .advanced :electronics, 

. computers. robots, sensors and 
lasers. 

·The. ·united States also increasingly 
lags many other regions in the 
n·umber of undergraduate 
enginee~ng ·. degrees. While· U.S. 
engmeenng · degrees . grad,ually .. 
declined to about 61,000 in. 1993 
after reaching a peak in the rnid-. 
eighties, ·European graduates nearly. 
doubled to an annual total .of nearly .. ' . ,, 

~~ 
,, 
\: 

•. I· 

.· '·' \ 

u.s. Mathematics&. Science Lltera~yin-12th Grade Is 
. . . . . " 'l 

SigmficantiY Lower Than the International ATr 
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159.000 (Chart 15. pre\:ious pa,ge). 1 

But. ·Europe and the United· States·.· 
would have ·to· combine their total 
engineenng degree -numbers to. ·. 
match the growmg numbers of 
degree recipients in Asia.,--around 
281.000. Moreover. roughly 50 · 
percent of students . enrolled . in 
doctoral engineering programs at . 
U.S. universities are foreign 
nationafs (Chart 16)--and_ a growi~g· 

: percentage of .foreign students are 
returning home after completion . of 
their studies (Chart !"7). · 

Science · .and Technology 
· Competency Abroad: : Until 
. recently. only the developed nations 

had the educational · infrastructures 
capable of producing the high quality 
scientists and engineers neeged · for 
the automotive industrv. Todav: 
dev.el~ping n~tions~not~bly. Chi~a 
.and India-have substantiaLp~_ols of 
engineering talent. These. engineers 
interact collaboratively on a global 

·basis thanks to advances · in . 
computers and telecommunications. 
As a result. they are 'able to provide 
higll"· ·quality S&T · services· to 
automotive companies and. at a 
signifip~nt discount compared with . . ~)' ' . . .. 
the developed nations. ~ . ·. 

Developing nations-from China to. 
Br_azil-are pooling talented 
scientists. and engineers into centers 
of. . excellence to :compete · for 
automotive research in niche areas. 
Their technical centers : have 
demonstrated an . ability to. partner · · 

· ·effectively with · industry ·arid to 

. leverage national ,~esearch programs. 

1 National Science F()undation. Data Brief · 
Science Resources SttidiesOivision. Vol. 
1996. No. 12. November 27. 1996. 
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Chart 16 

Foreign Nationals Make Up a Majority of 
Engineering Doctoral Students in the United States 

75% .,---------.,----_:__ __ _:_____:c....,-_ __, 

SO% tf -----· -· --:::::::;;?'-=::;::::==;;:;;;;;;;;;:o»;;;;>""""'~=.-· --~ 
~~ 

25% .1..-------.-----,------..------
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Source: National Science· Foundation. WebCASPAR. Http:i/caspar.nsfgov 

Chart 17 

But an Increasing Number Are Retu~ning Home 

(Foreign Engineering DoCtoral Re~ipients from U.S. Universities 
· With Firm Plans to Stay 1n the U.S.A.)· 

1980 . 1992 

S. Korea 58.5% 14.9% 

Taiwan . 55.6% 22.5% 

Europe 53.4% 33.7% 

Other Asia 51.4% 31.2% 

China·· 36.1 °/o 36.2% 

Japan 16.5% 12% 

Brazil · 27.3%• 12.9% 

. . . 
. CM>.Ii-r ~ational Samce FoWidabon Sctl'llC'I' & &fr~w;,., lttchcoron-I9DI, "" Pp 61·11 Table 2·).& 
'••!9~ -

,.·. ''· 



Brazil"s Sao· Paulo · region· has 
achieved high .marks in new engine · 
design. drawing .·. Of!; .Bnizil's 

· leadership in combustion physics and · 
adv~ced materials. Bangalore~ India 
has built · a first-class· . scientific 
workforce of software· engineers and.· 
related research scientists that the : . 
fiUto industry cannot ignore. With top 
.education, th'e best equipment, and a 

. quality infrastructure .. ·scientists in ' 
Bangalore work. for a fraction of the 

. wages demanded in ·developing 
couritries., Israel, which has · the ' 
world's highest :. percentage. of 
scientists and e~gineers including a 

· multitude .offormer Soviet emigres, 
excels ·. at ensunng . te~hnology 
transfer from its domestic· military 
and civilian work . to'· .. · investor 
comp"anies. 

National Policy Differences: 
Governments in North . America, 
Europe and Japan have embraced the 
global economy. They· have alt'owed 
and • en.couraged · . transnational · 
automotive manufactut'ers to deploy 
technologies ·'in ·emerging' markets. 
This has permi.tted individual· auto 
companies and their 'suppliers to. sit~: 
research ip· one nation, .. components 

·· and ·assembly· in a· -"second for 
.·. distributi<m · in yet .another country: . · 

continually re-adjusting t4eir · 
.operations . to take advantage of 
·'opportunities throughout the .world. · 

. . 
To keep or attracrthe highest value 
investments: many countries offer a · · 
variet): .·of .incentives that . include . 
substantial tax credit~, trammg 
credits, . .· low-c'ost . loans and . 
deductibility for some. 'types' .of ·· .. 
developmental expenses. In many 
cases,. these incentives. exceed what 
is available in the· US ' 

I 

1 
'•-

,.·.··, I 
i 

I 
. I' 

· .... :. . . . . . . . .. ..·.. . .. . ·.· ~ . i' . . . . . , . . I . 
. . : Chart 18 . , . . . . 1 I 

Many·N·atioi'ls Offer a Plethora ofR&D lncer:t~· tives . . . . . . ..• -~ I· 
. ' \ ,, 

France: . · --50% ·credit for ·incremental R&D expenditures 
. ~~R&D bu[ldings qualify for 50% supplem~nt~ry 
. .1. 51 

year depreCiation . : . · _' .. . . . · \l , . 
·--Grants avail.able to ass1st fore1gn .1nvestorspn t 

locat!ng R&D ce~ters . \1 r 

•-Software development costs now deductible · 
.:7 Lban~_and/or major grants forR~I? or n~w\ . 1 

' . 

Germ.any: 

technology may be .obtained from Federal1 ! . 
Ministry of Research arid Technology ~ ;: 

Japan: ... ,.. -~Tax credit ~vail~ble f~r up t~ 20%'of · ~~·~ . , 
:·incrementa. I R&D expenditures.--:-i~cluding ·tho_se 
'for new product development, product · .. i 
,~improvement, and invention or qesi~n of nfw(. 
. techniques . · ... . ~ : . ' ,, 

S. Korea:.:···. ·-~~~chno.logy and.m~ri~o~er developmentlcr~~it . 
· · . of up-to 50% . . . . . . . ~ . ~. · 

--Research and experimen.tal facilities credit of 
·5% (or. special depreciation of50% of the I \ 

: acquisition cost of facilities) . . . · ;. 
--Technical: license royalties tax-exempt for15 yrs 

· ·-7.~:-year tax· holiday m~y be obtained for fo~eig'n 
. ·.:investors bringing _in high technology - l·. ': 

Malaysia: .. -~~Double t~x deductions allow~d. i~.~··certain ~ \. . 
expenses connected with approved scienti~c ~~ 

· . resea:rc_h.projects · _. .. . .. . . . : . · .·. l ~~ · 
Si~gapore: --Double tax deduction for R&D expenses in ... 

. . . . • . . . ~ I 

·u.K.: · 
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·. certa1n cases. · · · · · . \j 1' 

. ·--Capital investment allowance of !;i.O% in c~rtajn 
. cases' . . . .. ' - ··: . . n : 

·--Initial 25% investment allowance and 3% I' t· . 
annual allowance for R&D buildings : . ·. · \, 

· -.:Grants of 20%..:30% of the costs of 'certain R&D 
· ;activities with potential technological benefit~to \· 

· the country . : .. . :. . : .· . ·. · It ! 

--Capital g~~~ts: below~market. in~erest loans\\ j: 
. . . . . . .. \1 

loan guarantees, and/or. tax incentives may be 
granted for various R&D programs,' upon I 

.. government ~pproval "· ·. · · . . . . · · 
. . ·. " . . .I 

Source>AAMA. 
\
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Governments, particularly in 
emerging economies,·. also employ 
another ·technique to augment their 
science and technology base: implicit · 
or explicit requirements linking 
technology transfer to market access. · 
(Chart 19). 

Transfer of the latest technology is 
quite simply the price of. entry into 
these formerly closed markf;ts. Other 
common demands . include the 
establishment of collaborative R&D 
centers and funding of research at 
local universities ·and national 
research facilities. Local content 

. regulations often drive . the 
technoiogy transfer process.· 

Without government intervention to 
enforce international· trade· 
agreements, technology is floWing 
abroad from U.S. industrial and 
national laboratories as well as from 
U.s: universities. · 

Sustaining 
National Leadership 
Control of the intellectual property. 
and processes surrounding advanced 
automotive technologies will drive 
co~ petition in the industry' ~ell into 
the next century. The unrelenting 
pace of technological change ·and 

·. global diffusion of manufacturing, in · 
conjunction with unprecedented 
pressures on profits (a combination. 
of overcapacity and . global ·· · 
competition), is- creating a very fluid 
situation. 

Clearly,, among the .key elements of 
national leadership are research 
superiority and a robust talent pool. 
While essential conditions, these are 
far from sufficient In the absence of. 

,. 

11 

. . . 
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Chart 19 

Emerging Economies Use Import Polices and 
Non-tariff Barriers to Pull in Technology 

.Investments 
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market demand. technology 
breakthroughs· in fu~l-efficient and 
alternative f\lel vehicles may simply 
fall on barren · ground or go 
elsewhere for. . develoJm1ent · and 
deployment.· Either way, the·. ability 
of the u.s .. to sustain i~9vative 
leadership and · attract . high-value 

. investments from ·industry will be: 
·eroded, 

Economic Incentives . are 
' Critical: In the price-sensitive· motor: :. 

vehicle market, it's always'uncertain 
whether and what.· c'onsumers. wilJ .. 
pay for new technology. Given the 
.unique market. c.onditions in the U.S., 
ho~ver, · production of advanced 
te~h,nolcigies~ like .. ·hybrid 'vehicles,, .. · 
will ·require more than industrial ·and 
g~vernme.nt : .. R&D , · ·.funding. · 
Movement from labOratory and pilot-· · 
scale"facilitiesto markets in tiie U.S,. 
will have to ·involve economic 
· i.ncentiv~s, i~biuding fleet purch~es 
by si~~.e and federal government~ cmd 
personal tax credits. . ' .... 

' ' ,. . . 

In every country in \,Vhich. alternative·· 
fuel. vehicles have made sigcificant· ·· 
headway' for example, the ::natipnal 
goverrtinent has played a cnt,ical role. 

. by establishing incentive ·_pricing~ 

thiough .· taxes or · subsidies, for the 
purchase of new alternative ·fuel 
vehicles, conversion of conventional 
vehicles · or for the refueling 
infrastructure. 

In Canada,. · New Zealand, the 
· Netherlands. Italy and ·Brazil,. the 
effective price of alternative fuels is 
considerably less · than .. ·gasoline.··· 
Unlike these· countries; the U.S. fuel 
tax structure ·penalizes . a~l ,; the 

. alternative · fuels . other · .than .· 

.. ... ' 
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What we· Should. Be Doing 
. . . . . . . .. 

Ec.onomic Incentives for Fuei­
Effici~nt and Alternative· Fuel 

Vehicles 
·.· 

I' 
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i. 
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• The State and Federa'I.Gove·~rtments· ·. l li 
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compressed natural gas. ethanol and 
electricity.: · 

In Japan. the government has created 
a tax deduction for purchase of 
alternative fuel vehicles at · the 
national level. a red!lction in the car 
purchase tax at the local level and 
provides low-interest loans for · 
purchase of low-emission vehicles. 

Unlike other countries, the U:S. 
government· has focused almost 
exclusively on government-industry 
research p~nerships ( e:g. · the 
Partnership for a New Generation .. 
Vehicle) and procurement mandates. 
Although the Energy Policy Act of 
1992 (EPAC1) set targets for · 
acquisition of alternative fuel . 
vehicles for its own light ·duty 
vehicle fleets. for state-purchased 
fleets and for cars purchased by 
enenzv · providers, many ag.ency. 
purchases have fallen short of ·the 
targets. 

Government purchases of vehicles 
for public fJeets may help launch the · 
market for fuel-efficient and 
alternative fuel vehicles, but only 
customer demand can sustain it. 
Although energy efficiency and 
pollution contr<;)ls are important 
national goals. economic incentives 
for the larger population have played 
a relatively small role in the U.S. In 
the absence of m.arket signals, such 
as increases in the price of gasoline. 
or regulatory requirements. such as 
higher emission standards, state and 
federal governments may need to· 

: Department of Energy. Energy Efficiency and 
Renewable Energy. Office of Transportation 
Technologies. Replacement Fuel and Alternative 
Fuel l'ehicle. Technical and Policy Analysis. July 
1997. 
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What We Should Be Doing 

State and Federal Governments Need to 
Create Economic Incentives to Stimulate . . 

Customer Demand 

• Consumer tax credits for th.e purchase of 
fuel-efficient and alternative fuel vehicles 

• Low ·interest loans for fuel-efficient 
vehicles 

• · Fuel taxes that incent alternative fuels 
over gasoline 

• Preferential parking and access to 
express lanes for alternatl've fuel 
vehicles 

,... .. 
•: 

1: . 



offer · p~rchase incenti'ves'-both . 
direct in the form of tax credi.ts and 

· . indirect such as preferential parking. 
and access to express . ianes-'-to ' 
create enough ·\·olume to dri\·e do\vn 
production costs. 

Public-Private Partnerships· are 
Critical: Although the Big Three . 
R&D . budgets as a .. whole are 
.increasing, funds available for 
breakthrough , rese~ch ., are., .·not. 
.Public-private. partnerships, .like the· · 

· Partner~hip for a Ne\\1 (Je~eration 
Vehicle (PNGV), are needed to 
leverage resources and increase. the 

•' . national . potential for-'·:innovation. 
. ' . Given that the pace of technology 

change has been faster' than.· 
. anticipated, the scope and focus of 

PNGV should be exp~ded in three 
ways. Firs~, the partnership should be 

. 'refocused ~n research ~eeds for. the . 
. ~·ehicles': of the futur~, well beYond 
the original 2004 ·framework. A 
number of the technologies selected · 
early on for the PNGV are now too 
close to commercialization to be 
ripe for'' collaboration.· Sec~nd, · 
automotive suppliers, . who· ·are an 
increasingly integral. part of the 
research ~eb . in . the. · automotive 

· industrv, . should be invited to 
participate in tqe . cqnsorti~."· Third, . 
the United St~ltes·n~eds to rethink the 

· issue of participation by .. foreign 
firms in public-private partnerships· 
in the U._S. As the industry mergers 
blU:r the nationality of firms •. the key 
criteria for participation should not . 

. be country. of incoq,oration, but the 
value added to the U.S. economy. 

Partnerships .with universities 
and national .Jabs are ·critical: 
Sector execl1tives. agreed · that 

. research e.artnetships involving the 
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What We Should Be Doing j 
~ Refocus the Partne.rship for a Ne~ 

· GeneratiOn Vehicle ~ 

• · Expand the scope of research beyond~' t~:e 
204 time frame · · . \ 

' - • ' • I 

• , 1 I ·. . ' . . . . . 1. : 
. . . . II I' . . , . ! 

• Invite automotive s'uppliers to ,participater 

in the consortia ·.·.I \· 

• · Include companies based on value-ad9~eq 
to the· U.S. economy and te'chnology base 

· .rathe.r _than country of incorporation \ ' 
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. auto industry (OE~ls and suppliers). 
~ational laboratories and universities 
are crucial . to maintaining -u.s. 
technological leadership·. 

Universities create not only the 
·future talent feedstock for the 
industry. but the advances in frontier 
science and technology that are 
underpin advances in breakthrough 

· technologies. The national labs have 
unmatched supercomputer 
capabilities that can be utilized for 
industrial applications. Auto 
manufacturers currently are among 
industry leaders in supercomputer 
usage. but even their largest 
computers Jag national lab capacity. 

Partnering offers win-win solutions. 
Universities benefit both from the 
feedback on cunirig-edge research 
issues and the opportunity to provide 
graduates with first-hand experience 
in problems relevant to the industry. 
The national Jab~ benefit ·from the.· 
practical insights and time discipline 
that partnerships provide. 

The ability to solidify these 
technological networks among the 
key. sectors of the U.S. economy will 
become critical in sustaining and 
attracting investment in advanced 
automotive technologies. Sector 
respondents identified a few areas for 
improvement. 

I) Eliminare Red Tape: 
Partnerships in · the past have 
been slow to develop because of 
the complexity of the laboratory 
system · and government 
regulations. Although significant 
progress · has been made ·in 
simplifying the agreements and 
applying those conditions · to 

,,. 

15. 

What We Should Be Do'ing 

Prom·ote Auto Industry. Partnerships. 
with Universities and National 

Laboratories 

• Simplify the process and eliminate 
. unnecessary-overhead charges in 
partnerships with national 
laboratories 

• Increase interdisciplinary university 
programs 

• Create .industry-sponsored 
apprenticeship programs 



·,,_ 

multiple laboratories .. the act of ' ' 
· estciqlishing a new cooper~tive · ··' 
.. research and development .· 

agreement (CRADA): still gives . 
many· · compcrnies a ·punishing 
lesson in bureaucracy and· extra 
overhead charges. Although . no 
money changes hands· (U.S. 
sCi'entists are supported . by 
government funds · while 
company money supports 

·company scientists), the 
negotiations · :over· intellectual 
prop~rty rights and other issues 
can drag on for years .. Moreo:yer, 
the. DOE assesses a 30 percent 
.overhead rate on CRADAs over 
. and above · the laboratory 
overhead rates. 

· 2) ..Increase ·. · Interdisciplinary. 
University · Programs: Sector 

· res.ponderits observed .thai· 
advanced technologies in· the 
transformed auto industry require · 

. far more multidi.sciplinary · 
training'than is available today at 
American universities. They 
urged that graduates heading for 
industry employment · become 
more comfortable . working in 
interdisciplinary environments or 
'·project teams." Graduates must 
be familiar with the new 

· .. '·interdis.ciplinary disciplines,'' 
· such as mechatronics · that 

integrate electrical; electronic 
and· mechanical device 
characteristics. 

3) Apprentices}:lip Programs: Sector 
participants suggested that both 
the industry and . the' research 
universities. need to 'focus on 
educational requirements that 
cannot 'be met solely in lhe 
university environment. More 
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.~· 

· cooperative and apprenticeship 
programs ·'are. essential to pro,:ide 
students. with experience in t~e 
transition from an amilytic to an 
innovative phase o~ de\·elopment. 
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Automotive.lndustry· 
Sector StL:JdY 

. . . 

. John McTague 
Ford Motor Compan·y 

Kenneth Baker 
·General Motors. Corporation 

Participants . : .. 

Dave Pur\'is 
Allied Signal 

' ....... 

" .. ·· .. · 
Peter ty1 .. Rosenfeld· 
Chrysler Corpor~tion · . '.: 

Gordon M.· Heidacker 
· 'ChfYsler Corporation 

'James AJ:tderson · · 
. Ford- Motor Company .. 

:> . • . 

Christopher Green . 
General Motors Corporation 

7,'' 

'· .. 

. ~ . . 
·•:-

,, 

Mark Theobald · 
'· • .J." . 

Ge.neral: Motors C orpotation ' 

Sati~h Kulkarni 
.· •' 

.. . . ~ 

·' La\\Tence Livermore' National Laboratpry 

Frank Field 
·.Massachusetts Institute' of.Technofogy 

·oayid Cole 
. ~ . 

.University of Michigan . 
'.. -~ 

Helena-Li Chum ·· · · . 
Nationai Renewabie Energy Laboratory · · 

. ' ~. 

· · · Robert Carling 
. S~dia.National Laboratories 

·. DonaJd W. Hudler 
Saturn Corporation 

· Rob.ert L. Leibensperger 
·The Timken Company· 

Peter Staudharhmer " 
TRW Inc. 

Robert J. Hermann 
.United Technologies . Corporation 
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Industry Co~Chairs . 

Dr. John P. McTague is vice president.:.:_technical affairs for Ford Motor qo~pany. He was 
acting science advisor to President Reagan and a member of President Bush ·s Council of Advisors on 

- - 0 

Science and Technology. He currently directs the Ford Research Laboratory, Environmental and Safety 
Engineering Staff. and the Technical Strategy Office. H.e graduated from Georgetown University with a 
bachelor's degree in che!Tlistry and earned a doctorate from Bro\\<n University. 

Kenneth R. a·akin is general manager, Micro-Turbin~ Generator Business Unit, and a vice 
president of General Motors. Joii:ting GM ·in.: 1969, he has had a variety of assigrunents, 
including vice president of the GM Research and Development Center. head of the Advance 
Design Department. chief engineer and program manager of GM's El~ctric Car Project Center,. · 

·and director of Advance Vehicle Engineering and GM's Service Technology Group. He earned a· 
B.S. degretr in mechanical engineering from.Clarkson University .. 

Sector Advisor 

Dr. Ronald S. Pandolfi currently serves in the National Intellig~nce Council: Prior, he was a 
fellow in the General Motors Research & Development Center where he worked to develop best 
practice standards in research globalization. Dr. Pandolfi has more than 15 years of experience in 
academia. national laboratories and U.S. goverrunent agencies in collaborative international 
R&D .activities in· the transportation sector. He is particularly active in the development. of 
alternative fuels and in the introduction ofnew technologies for cleaner. more efficient vehicles. 

' ( 

.. 
. ~ ·.-' 

•" 

19 



. ·, .... 

. -~ . ' ' 

.. , 

,.. , .. 

. . . .. .~. :·_. 

'·. 

~: ' ~· 

. . -' 

·:· . 

. ... ·, 
' . 

:· 

;::' 

._..:. 

-. ... 

..... 

,.,·· 
•.•'I 

•._.I 

' ·~" 

' ·.· . ; ~-' 

•. _:r 

... : 

·:' 

. ' ... ·,:,' 

l 
I 
l 

i 

i 

I, 

I 
)'' 
l· 
I 

i· 
~. . 
,).'" 

i ,. 
],' 

'I j ! 
!. 

( 

) . 



• 





,--------------------------------------------------------

i, i 

... 

... 

DRAFT 

Going Global: Express Package Transportation and ·Logistics , , . 
The Hole· of Research, Development and Organizational Innovation 

Sector Advisor: Bruce R. Guile 

. · Last year American co(npa~ies, ;pent 5670 bU/i.o8 gaping 10.5% ofGDP-to 
. wrap, .:bundle, load, unload, sort:. reload, and transport goods. So clogged is the gross 
. ncztional pipeline with unnecessary s~eps that the grocery industry alone believes it can 
wash 530 billion, or. nearly 10% of its annual operating costs, out of the sys{em. A typical 

·box ofbreakfastcereal spends a stunning 104 days getting.fromfactory-to supermarket. 
·haltingly progressing through a concatenation of wholesalers, distributors, brokers. 
diverte'rs, andconsolidato;s, eacHo/which has a warehouse. ... : ' :. 

'·".'. 

..... · 
Ronald Henkoff 

"Delivering the Goods" 
Fortune, No:vember 28, 1994 

Integrated Logistics and Express Package Transportation . ,_. 

' .. ·~ ; . . 

.Price and service competition among u:s. manufacturing and service comp~ies are 
• driving firms to adopt business practices that minimize inve~tory costs and reduce cycle ·times 
throughout the value-adding chain of events in the production,Jdistribution and delivery of goods 
and services. These economic pressures and opportuitities,are driving rapid 'changes in the 
physical flow. of goods-transportation, trans-shipment, and warehousing of materials; 
components and finished goods-in the U.S. economy and, to a ce~in extent, globally: . 

.. As a result, there is a g~owing_demand for relatively rapid (2-3 days domestic; 10-14 days 
international), time-definite package transport that is· supported by en_ough information 
technology (package tracking-and access.to the information) so that the transportation system can 
be treated by manufacturers, distributors and retailers -like a nearby warehouse and by customers 
like a local retail store; i.e. yoti know exactly where so~ething is and when you qui. get it. 

.. ; . 
Two tectulolog.ically d.ynamic>tnough not' particularly R&D-intensive: industries enable 

the _current changes in the physical flow of materials, components and finished goods: electronic 
commerce and express package transportation. ·The marriage of these two industrie_s in 
application is variously described as supply chain ma11agement, logistics or value chain 
~anagement. 

-·., . ,:..,. 

. , Supply- or value:-chain management can be diffi~1.d! _to understand as ii cuts across 
historically separate business functions. Full-scale value .. chain managemeQt ~ll integrate (on the 
back of an enterprise-scale database) a Web-based retail "store;" production, materials and 
resource planning; and procurement. Management scholars and practitioners know it as a 
combination of a5pects of Materials Reso\.rrce Planning II, Just-In-Time and Total Quality 

• ' • • • • • • '. • • • 4 • • .1 ,. . • ' ~ ' • • 

;., .. 
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M:anag:eme~t. 1 U·.S. manufacturers, s~rvice companies and .C:Q~sumers ~ppear to be driving: 
. derria;d for logi'stics~- services, bl,lt it i~ globai 'phenomenon, iff or. no_ other'reason than many 
production processes 'involve international transportofmaterials, components, and finished 

-.goods. · · . . 

.Logistics.is.a systems.integrati~it and mariage~ent activity-that can.improve customer _ 
_ · service and company' image, while reducing cycle time (increasing asset utilization) and reducing 

-,. inventory and transp~rtation·costs. And ther:e are plenty of opportunities to take costs 01Jt of most 
" 'supply chains. Distri~ution-""-the function that-logistics providers most commonly-handle_:_:is 

generally defin~d to address inventory processing;··storage·and.,warehousing, transportation: 
: netWork analysis, transportation and delivery, and. sometimes orderprocessing and customer·. 

service.3 _Theexpense associated With these fUnctions in acompany:·varies greatly. One long-
- running·,· surVey-based, U ;S. daia set yields an average cfistribution cost :eqilal to'7 .94 percent of 
company sales revenue with costshigJ:ter in some industries (e.g, processed foods) and in 

. smaller companies (under $200,'000,000 in sales), and lower for products with high value to. 
weight; and volume ratios.~ In other economies, the average costs of distribution are.usually 
·higher, 8.8 per~ent in Japan and 14 percent in South Korea by one recent e-stimate. 5 

. 
' • • • f . 

' ' 

. . . T~aditi~nally·the economicsoftransportation havedominated·decision making about how 
pr9ducts are aggregated for shipment. The physical C:har:acteristics of the goods being mqved 

II I 

0 ~-.· l' 

· affect the economics of transportation but not the physics: only a small.pprtion of non-bulk 
's!Iipments.(less than 5 percent) cannot be broken ·intopack~ges6 of 150 p~unds or.less. What,is I . I 

~ • ' I 

. _ , See, for e~ample,·Davjs, :rom. ·:~ffective Supply Chain Management," Sloan Management Review, . 
Summer 1993; Saccomano, Ann. ''Demand~chain management turns traditional supply chain in~ide out," Traffic 
World; :March 13, -1995 ;' Bowersox~ Donald J. "The Strategic 'Benefits 'of Logistics Alliances,"· Harvard Business 

._· . Review, July-August) 990;·imd Muller, E. J. .\'Pipeline to ~ofits," Distribution, September 1990. - ... · · , 
• • • . • . • _-_1 •• 

2
·. . It is. i~portant to note that logistics typi~;ally applies to more than just business applications and· d~s not 

apply ex.clusively. to· packages .. Military logistics (humans, equipment, weaponr)', and food to and from where it is - !; 
needed ~hen' it is needed) is· a related and important field .. Also, many·oftlie technical tools and techniques of· j· 
logi~t-iCS _are a5 Valid for managing SUpenankers full Of Oil as;they are for moving bOXeS Of baby powder through a . I 
retailer· s- distribution. chain. The .Council of logistics Management:.-- the dominant ~sO<:iation for logistic 1, _ 

_ professi~nals --defines logistics without regard to speed or weight: '.~the process of planning, irnplemel}ting and _ ;: -
. .' co~tr~IIing ~he efficient. cost-effective flow .and storag_ eo __ f i-aw materials, in-proc~ss inventory, fmished good. sand 0 : 
~related information from point-of-origin to point-of-consumption for the purpose of confonning to customer I! :; _ 

. _requireme~ts._··. _,. . - _ .,_. (:. _·_. .._ . _ _ - _.: -. - . ; . _- . _ . ··. ... .. . I ,~. 
3 

• '··'Author afte~ MGtCargoAna/yst, ·~R·is for Logistics,'' January/February 1995, p. II. 
:-" ;,•'.:. .... 

4 Davts. Herben W. And·orumm, Wtlham H., "Phys1cal D1str1but1on Cost and Serv1ce, 1995, Annual 

C onf~:e7~: ~r~c7edm.gs: Council :of.'~ogistic~ ~-anage~~nt, San ~iego, CA, October 8-1 i .· , I -~95, PP: · 21 ?,-228 ... ·. fl.. 

· · s Industr'v Log1st1cs Association (of South·Korea); quoted m "Korea Needs to Streamlme the Supply Cham; · 

·.· Kor~a~er~~~,()ct~b~~-5, 1997.;' ·. · ;'.'·. :· . -. . ·.· :.· .·.·. -. · · ._ .. ~ 
6 ·Package shipping can include a number of overl~ping mark-~ts·. including customers/individuals shipping ;, 
packages, leiters or flats; c!}talog or Intem_et sales.shippiilg, ~ompany~iO-coml'any or si~e to site within a company by ; 
an independent ·carrier,_ and company to c~mpany_. or site to site _within a co~l'any by private fleet or dedica&d I. 
contract fleet.. - _ . .. •· . : -. . . - . . ·j: 

I 
. ! i 

i 

.··' 

···. 

I 
\• 
! .· 

i i .. 

j 



·. r 

... 

' 

partic~·larly interesting aboutpackage transportation and logistic; is how the changing economics 
of production-the totalvalue chain managed by a manufacturing or service firm--'<:hanges the 
calculus of distribution. drives the disaggregation of shipments. and makes winn~rs and losers · 
out of manufacturing and service operations ... 

. :·_":" 

The competitive pressure that is driving value chain management and time definite . · 
delivery~both for manufacturing and. service. companies and for the .carriers that serve them-· is 
illustrated by rates of growth, in time~definite originated shipments. Comparing four· quarters 
beginning in October 1993 to four quarters:begirinirig in October 1994, the annual rate of gro-w1h 
in· time-definite shipments handled· by integrated carri~rs was 13.5 percent or between·2 and 3 · 
times the rate of GDP growth in that period. 7 

. · · , • · 

The Provider Industries · · , · · · ;0 .,._,. ·· .. 

To understand what is happening it is important to understand that effective value-chain 
management Is an organizational innovation that is a complex soup of management expertise; 
information technology and transportation ·assets. Further, the·.demand for logistics services­
like the. demand for accounting 'services or legal coimsel~is satisfied both by in-house providers 
(the logistics division qf a company) and·v~ndors. Therefore, the industry that provides this 
service isn · t one industry but several. 

• Integrated express carriers (management, information'technology,and 'transportation assets) 
provide logistics services _to companies, as well,as traditional business-oriented package 
shipping; package ex'p'ress services and individual·consumer serVices. Globally,.these · · 
companies are joined by niultinatiomil freight forwarders and "hybrid". express carriers that 
offer express service within a country but use freight forwarding to reach overse~ locations. 
These companies compete-'-sometimes directly sometimes. not at all.:_ with national postal 
services. 8 . · · · · . . : · · . 

• Trucking and air cargo companies-traditional transportation assets for industry_;.move 
huge volumes of goods. Increasingly these companies are forced to provide, both · 
independently and with de~icated. fleets closely managed by. the customer; rapid and time-

. definite delivery. · · 

• Third party logistics providers-sometimes using their own: transportation assets and 
sometimes using other's assets-provide supply-chain management solutions by providing 
the necessary scheduling, control and information technology. Typically, third party logistics 
suppliers have a history either as a'freight forwarder (no assets) or as a transportation carrier 

MGI Cargo Analyst, ''Where (800-Poimd) Gorillas Come From," Third Quaner 1995, p. 23. 

Competition between US integrated express carrierS and the U.S. Pos~l Service is a contentio'us issue. 
Integrated express carriers argue that they compete directly with' the Postal Service, whiCh has an unfair advantage 
because it holds a government-granted monopoly (letter mail) and subsidizes its package (parcel) business with 
revenues _from the.monopoly business. s·ee Statement of Kent C: ''Oz" Nelson. chairman of United Parcel Service 
before the Hou~e Subcommittee on Government Reform and Oversight, September 26, 1996: · 

3 
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·· · with some transportation assets-:-tra.ctors, .. trailers.Jrucks.·planes, and/or warehouse or trans-. 
·p 
I 

·' '') 

shipment facilities: .·.<· .·• · 

1•.: ··'·::" 

• Jnfo~ation tecim9logy comp~ies. especially network and software ·companies, play a large · 
: and g'ro~·i.ngrole in the indJ.lstry. The limiting factor in a company's aqility to extract value· 
· from time definite'tr~sportation are the MRP, DRP and·otherinformatiori systems that .. 

companies run and the daunting (mostly organizational; not technical) task of making them 
·work. together well enough to· be of v~lue. 9 1\. further issue is the relationship of opportupities 
in logistics to the growing use;ofthe Internet for cominerce. Dedicated·comniunication · · 
netWorks for controlling a supply-'chain are developing in. tandem with growing uses of the 
Internet fohhe same fi,mctions~ Some very credible participants(Mierosoft,for example 10

) in 
the information business view the Internet as an information! communications tool that can 
. allow smaller companies· to handle the information aspects of value chain management and .. 

. ' ~ logistic~. in some co~panies, ihe use ofso'phisticated approaches to value chain management 

i. 
'I 

I 
I 
1 

'· 

. ~' 
) . 

· involve working through the use.ofthe·Intemetfor retail·selling, cu.stomer service, and dealer , 
· ::· .and vendor information exchange: ·. : , ... ·: · / i' 

'C·· . ' ",·· I! !'-
Techriolo~~. and OrganlzationallnnOvaticm in the l.ndustries . · i ! · 

A very broad set of technological' advances are relevant to.these diverse companies in the ~ {: 
package tra'n.spof1atiori and logisti~s.industries: a) computers, communfcationsnetworks, · i; 
database software, electronic/optical sensors; b) electrortiechanical devices for materials handling · · 1· ( 

or sy!)te'in d~sign and arialysis too is (see Figure 1, next page)~ Iifthe context of a.btoad base .of . . . 
in facilities' and vehicles; c) vehicle/fleet related specialized equipinent; and d) decision support 11,1. . i· 

relevant' technologies, thiee generic·busihess problems motivate technical work in the industry: 

. • Iritpro~e.c_ustorner~perc~ived•val~e·ofset"Vice off~red, e·:g. communications and computer 11 

. technology :ihat allows' reliable tracking and time-definite delivery. . ~ 

• .:;· l~pro~e effl~ien~y. iii production .of logistics~and tran~portati~n services, e.g. ·rriateri~ils :. 
handling :3.!\d tracking technology to drive transportation and handling cost down or increa5e 
volume of.packages.handled'.at same quality .. · · · .· . ' 

..... · 

. The organizational difficulty of marrying new information technologies to transportation.servi~es to'reduce 
· distribution ·costs and improve flexibility and prod~ctivity may mean' that~ implementations are easiest. 
Comp.anies that grow tip iri ·an environment where these too is exist' for experimentation, development and use may 
be more likely to adopt these approaches. This may partially explains.why some of the most successful , 
implementation of these approaches occur in relatively new and rapidly growing organizations (Dell, Wal-Mart). 
Personal communications with Daniel DiMaggio, senior vice 'president and COO, UPS Worldwide Logistics and 
Ray Greer, senior vice president, Logistics and Technology, Ryder Systems, Inc. . . . 

' ; 
. ,.,. ' 

' ~ 

l i 

10
. Microsoft has developed and launched something it calisthe Value Chain Initiative. ·Microsoft's operating . 

system software provides--under this initiative-- a platform for integration-of different software packages that 
perform logistics~ or value chain- related functions. As of March Jl, 1998 the best description was availabl.e at 
http://microsoft.com/industry/trans/ ' · · 
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· Figure 1 , · · 
The Technology Base for Express Package Transportation and Logistics 

' 
Facilities. Equipment and Rolling or Flving St~ck 

- Hub or cross-docking facility design, maintenance and operation 
- Materials handling...:_hu~, warehouse (cache areas), in-fleet 

+ Equipment _ · 
. ,. + Coding, tracking, sensors 

+Software, databases, comrnunica,tions (LAN, WAN, GPS) 
- Fleet Design, Maintenance and Operation~aircraft and vehicles 

+ Specialized design 
+Fuel efficiency 
+ Qperating procedures/decision support for maint. and operating control 

- Packiiging/Containers , . . 
- Distributed communications,. database coordinatio_nl~nteractivity 

Supporting and Providing Logistics and Value Chain Management 
· -Distributed package collection systems ("re.tail" package collection)· 

-Customer site shipping systems ("wholesale" sites) 
·.--Provision of outsourced distribution and. v_cm for customers · : , 

- Global (mu_ltinational; multi-site; package_ transport; sorting and tracking) system 
' design, maintenance arid opera~ion · 

·Strategic Business Analvsis and Decision making 
·· - Data mining . 

-_.Operations research; modeling and s_imulation in support of network design or operation 

., .. '• 

,., 
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• E~~ble creation ~f new ~arkets, ~.g. t~dmology that allows a comp~y t~· offer ne\>.· se~ice·s 
(supply chain management, integrated logistics) or to operate in new.geographic regions .. 
(integrating a cross-docking facility if!. Louisiana or a hub in Asia into a transj>ot:tation · 

. system). . . : 
. . '. ·,· ~:: .... . . . 

· Th~ t~chnological underpinnings of eleciro~ic comme~ce arid express package 
transportation-and of their marriage in application to .business problems..,-are diverse. In 

. general, however, the core technologies are primarily infomiation technologies (sensors, 
databases and networks) that can provide;value-chain \\isibilityand enable control ofthe value: 

. chain. Critical supporting technologies. inClude qper~tions research,.matenals·handling arid a::· 
broad range of transportation technologies. · · · ':: . . ·: .. 

.. ·The industries that provide'theseservices, as. mentioned above,·ru:enot tt~ditional R&D~ 
intensive industries. The technical work (research, development and.demonstration) perform.ed 

. by companies in these industries is ;cpnstra:ined by se.veral factors: ·' . . . . :. 
' ... . . . . . 

• . Only a few transportation serVice companies corfunand enough. of the rnarket to justify. 
traditional product or process R&D activities across a broad range of technologies. This is 
.not unrelated to assets .. Companies such as UPS, FedEx and DHL _can justify R&D 
. investment in sensors, vehicle design and rilateri~ls handling equipment, for example.· 
because they can apply such technologies in a large number of assets. Software companies, 
as suppliers to both transportation services companies and to users of logistics services, have 
a broad base that justifies R&D inve~tment. · 

<, 

:~· 

• The importance of systems integration-for integrated carriers like FedEx and UPS, for third 
party logistics suppliers such as Ryder Iritegrated Logistics, and for mariufactilrers such as · .. · · · 
Hewlett-Packard-means that companies often focus on assembling and deploying . 
compatible technol()gies, rather than performing traditional R&D. Industry leaders shop 
globally for techno.logies such as computers, software, communications· networks and 

. ·.materials handling· equipment, and they rely on vendors to do R&D. . . 
·' . 

• In the delivery 'of package transportation and logistics services there are few "controlling" · 
· technol,ogies. In contrast, for example, to pharmaceutical research where a patentable product 
· corifers·long-lasting· advantage. there are few 'uniq.ue t~chnical solutions to those problems 

.. co'rtfronting companies. Conseql,ie~tly, even the mosttechnically advanc~d companies in the 
. industry do little research. The. dominant technical work is engineering reseli!ch or system,. . 
development that is directly motivated by specific business problems. Companies are . 
engaged primarily in the dev~lopment of specialized new function/performance equipment or 

.. sofiWare and all that pertains to their system design, testing and deployment. 
. . . . .. ' . ' ..... 

-'The global technical base for this industry i_s, therefo~e. best understood i~ two parts. The 
first part is made up of a·wide variety of"hard" technologies in which there are classic product 
R&D-challenges. What advances.in sensor or bar-coding technology would reduce cost and ·· · 
increase efficiency in moving packages? What is the necessary bandwidth for global . 
commU.nications systems handling millions of packages a day and what compression algorithms· 
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work best for the "type ~f data.being handled? What technological-constraints liinit the viability 
and value of alternative fuel vehicles in package delivery truck fleets? · 

The second part is-expensive and technically risky investment in systems integration-
. , such as electronic links between flower growers and flow:er buy·ers nationwide. This is a type of 

technical innovation that is. perhaps best characterized as· demonstration rather. than R&D. A · 
company ''demonstrates···the viability of a technology-:enabled organizational innovation to the 

· .. ·market. 11 In this type of technical activity there is rarely a s~parate R&D organization and 
companies rarely have R&D budgets. Generally, the focus is on tailored applications­
specialized systems developed jointly by providers and users. It is as risky and technically 
demanding as traditional product R&D (remember Fedenil Express ?APMail?). · 

in summary, companies th~t deliyer value-chain management or logistics perform, in 
·general, very little research or development;·the primary technical value-added is in integrated 
system design and deployment, including system software development: Further, in the design 
and deployment of systems; u~s. companies buy software·in. the United States but shop globally . 
for electronic and materials handling components. some of which are technically or 

· economically superior to those available from U.S. CC?mpanies. · · 

Appiications and Implications · 
-_:· . .;.· 

• Example ·1: F otinded in 1984, Calyx & Corolla has rev:olutionized the flower retailing and 
wholesaling industry by providing· direct delivery service from growers to buyers. Flowers 
are perishables and the value of cut flowers to a consumer is inversely related to the time 

. since the flower was cut. In partnership with F~deral Express, Calyx & Corolla put shipping 
hardware and software at grower's nurseries and-~orking with a software consultant-built 
an ordenaking and shipment tracking system to make o'rdering'flowers for next day delivery 
direct from the grower· as easy !Uld inexpe,nsivc;: aS. ordering flowers from a local retail florist. 

I' •. ··-~·~ ·:. 

· e. · Example 2: Ryder System, the largest third party logistics company in the United States, 
handles and _manages all inbOund and outbound logistics for the Saturn automobile 
:manufacturing operation in Spring Hill,Terinessee. Materials and components arrive at a .. · 

· ·specific loading dock of the factory ·iri -1 s.:mimite Windows~ shortly before they are to be · . . ., 

::used. Replacement and repair parts for Saturns·are shipped directly from the factory to 
dealers "ori demand" rather than' snaking their way through the typical regional distribution 
system for automobile parts. Ryder hauls the finished automobiles to .dealers under the same 

. coninict with Saturn that cov.ers the inbound materials and component logistics-and the 
contract terrns·are such that Ryder has a continuous incentive to squeeze time and cost out of 
the very. complex .logistics operation that suirounds automobile assembly. 

. .. 
II An interesting example of this is DHL's Dublin City. Centre Mobile Office, a city center~based bus 
providing the facilities of a DHL office. This "innovation" was iri part responsibie for OHL being awarded a Price 
Waterhouse/Irish Times Innovation Award .. From the award citation: "Home to the company's walking couriers, the 
Mobile Office replaces a dozen vans -~ along with their associat~d parking problems-- and allows OHL to d~liver 
shipments earlier in the mo!'Tling and later in the evening, with the back•up ofthe hi•tech communications equipment 
on board." · · · 
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·'•. ~Example 3:He~len~P'!~kard i~ moving toward having~the ~aj.ority ofits value chain .. 
visible for its highest voluine,product~ink:jet cartridges. ·HP outsoln-ces all transportation to 
common._carriers.and the majority. oftactical warehouse 'operations to third party logistics 
companies. Howt.ver, HP ma.intains strict control ofthe <iesigrt, engineering and distribution 
programs for these outsourcedwarehouses. lpey are also working closely with'selected .. 
carriers to maintain the visibility of the goods while in·transit. The goal of the work in HP is 
visibility of the ink jet cartridge value .chai~s from raw materials through end consumption . 
regardless of the sales channeL Fro111 HP's perspective, this visibility allows a high.degree of 
cont~ol over both the tec~ical aspects of production (quality} and the business elements of 

i ) 

. . disitibution. This level of cpntrol; i'ong exer~ised fo.r large capital goods such as aircraft or 
machine tools, .is a consi~erable competitive advantage for product that retails for less ~han 
;$50.00 and is sold ih volumes ofhupdreds of thousands per year .. 

· : These .three eiamples are iilustr~tive of a perv~ive trend-that integrates a. specialized 
. transportation serv.ice with managemet)t systems, transportation. facilities, materials handling, 
and information technology .to drarmitically improve,.the productivity and flexibility of both . 
·manufactUring and service companies.In many ways,: these are traditionaL goods transportation 
activities, albeit with some special ~haracteristics-the goods travel relatively fast (from · 
overnight to a few days) and in units with relatively small weights and volumes (few bulk 

:· 
j' 

it 
I' 

I 
i· 
I 
I 

. - s-hipments, train carloads. or truck loads) .. What is lost, however, in thinking ofthis·as a. 
traditional transportation industry is the way in ~hich these transportation services, when; 

_ .integrated with enteiJ>nSe software an(i_'s~pported by sophisticated tracking and materials 

, . . :: 

. handling technologies, are-~eyolution,izing·both.service arid manufacturi.ng industries .. 

· , -~ Not surprisi~gly; the 16gi~t~c~_'proyide~'s industries_; claims'Jor cost savi.ngs and increased 1· 
custoll1er satisfaction are legion:·,And;'1ndeed>relatively neutral professionals who. have · . 
:published analysis anc,tcase stud~es in a wide range of industry .and professional journals have 
substantiated such·ciaill)_s. 12 Althoughit is difficult to generalize about the implications of 

· .logl'stics applications _there seem to be three major elements:·. ., . I 
I, 
I 

. . .. . . . • . . ~·. . .- ' . . ., !' .• : ~ . . . . ' ' . . . . ,· . . . ~ .. ·: • : 

• The total distribution costs-of goods (and services s~ch a flower retailing) can be reduced p~r I 
· · ·: . · unit of value delive,red to· a customer. In niany. cases this is a straightforward reduction in c8st 

and cycle time (and;·ulJimately; price);.Jn other cases, a buyer's willingnes~ to pay for good~ 
.".,and services delivered to his or h~r door may be higher; costs maybe greater but the 
'"product':' \vorth more _tO; a buyer. This is often described as gains in-clistomersatisfaction~ I !· ' 

·". ~ . ·~· • • • t 

• The application o( integnited·logistics to a wide vanety ofindustries.is driving structural­
change in many .industries, the primary consequence of which is to: reduce or eliminate the 

. traditional role of distributors or wholesalers. .. . . ' 

I· 
,,: 

: 
li. 

• The growth of integrated' logistics is linked intimately .to the growth of electronic commerce i.: 

· · in all forms-from telephone catilog sales tO' direct repleriishm~nt,systems that electronic~lly 

" • Soe. fot e~mnple. ;.y '""e of Bwine;, LogUtic, published by me Councol ofLog~tics -.~:men! 1 
those publications listed in.footnote I. ; /1 

' ' ... 
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.link a widget factory to the martufacturing:initiating 6rderat another factory that makes 
:components for v.:idgets. · · .... 

Estimate~. of the ultimate impact of integrated logistics are certainly beyond the scope of 
this paper and, in all likelihood, beyond the ab.ility 9f most forecasters. Only time will tell how 

· fundamental arid pervasive the changes will be. · · 

The Various Markets .r.. 

The 1996 U.S. market for "expedited cargo" is estimated to be 4. 7 billion shipments that . 
generate $65.3 billion per year in revenue for transportation carriers. 13 A few companies 
dominate this diverse market..:_UPS,'Federal Express, RPS Inc. and the U.S. Postal Service. A 
very large. number of trucking compariies competes for 'small shares ofthis market by providing 
less~·than:truckload (L TL) transportation services. There is·an analogous..:.:...but much s·maller 
group-of cargo air carriers andpass~riger airlines that handle cargo in this category. While a · · 
few companies are do'minant in this $65 billion expedited 'cargo market, there 'are also both 
private and dedicated·fleet'operations that handle-for a single parent company-what would be 
called expedite~ cargo were .it handled on a contra~tual basis with a transportation carrier. 

The international express package market is somewhat different in that it is best 
characterized as a segment of the air cargo business. The striking !hings about the intematio~al · 
air .cargo market are: a) the small size of the international markets relative to the·u.s. domestic 
market; and b) the degree to which .the United States plays a dominant role in world air cargo .as 
an origin or destination. In 1995, for example, U.S. domestic air cargo was 6,090,000 tonnes, 
U.S.-Europe was t;l82,000 tonnes, and U.S.-Pacific Rim was 1,762,000 tonnes. In contrast, 
Intra~ Asia/Pacific Rim was 2,868,000 tonrie~; Intra.: Europe was 983,000 tonnes, and Europe- . 

. Pacific Rim was 1,1,39,000 tonnes. 14 In the international express package market, DHL and TNT 
join.(and in many cases lead) UPS andFedEx as dominant earners. For·exarnple, one recent . 
estimate of the Intra-Asia market for express package services estimated that DHL holds about 
36 percent ofthe market'; TNT has 27 percerit'ofthe'market; FedEx has i3'percerit;UPS has 5 
percent; and all other carriers ·split the rell)aining 19 percent. 15 . · · · · 

• 't ... . • • . . . • 

· · Iris n1uch harder 'to estimate markets f~r logistics se~ices, both vendor provided and in­
house services. In the United.States, according to"one estimate'ofthe 1995 market, the largest 
U.S. third party logistics supplier was Ryder:with $867 miilion in logistics revenues and the 
largest 20 logistics firms had combined revenues of over $5.1 billion. 16 The global market for . '. . '• . ' 

•"' ~ ' 
13 ColograPhy Group, frorri ·'UPS Walkout-Delivers Few Crise~-~ So Far,~' .. Wa/1 Street Journal, Tuesday, 
August 5. 1997. page B I. Expedited cargo is defmed to include domestic air, domestic ground parcel, domestic 
less-than-truckload. and U:S. air exports. ·,. . .. ·. . . . . 

I~ . 
· MGI Cargo Analyst, "World Air Freight"Forecast," Fourth Quarter 1995, p. 23: 

IS · MergeGlobal hic:,.The Wai/Streer:J;urnal, "Federal Express, UPS Battle for a Foothold in Asia;" p. B( 

·· 
16 Armstrong, Richai-d.D. "Wh~···s Who in Logistics: Prin,ary Characteristics ~fthe Major Player5," Annual 
Conference Proceedings, Council of~ogistics Manag~ment, 1996. 
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· · Jqgistics. services: is provided by a wide range of ~ompanie~. in¢l~ding ciivisi?ns or .groups withiri 
·very large industrial firms, such as Hitachi (Hitachi Transport ~ystems; Ltd.)~.~~at pio~ide both 

!1. 
-;.· ,, 

in-house and third party services. : . . . . . ·. . •. ·. . . . .. · ·. . I' 
) 

< .· .. ' . ' 

.0~ a national basi~ ther~ appear to be-~wo.key feattiresofth~ Unit~d States that mak~ it a• 
·leading location for logistics activity (provider companies and user companies),ihat is linked to .. 
value chain management. First, the United States is a large market with few internal political 
·baqiers to the flow of goods, Trucking deregulation, in particular, h·as ~ade national logistics 

· systems possible. : · · 

· · · ,- s~co~d. the u $. lea.d ~n tlif!. ~evelopineni and application of a broad set of technologies 
that can' be. described as network technologies--,-private networks; .the Internet,· and the software 

. t~ use them for electronic messaging.and comrnerce-:isa another key feature. Although value·· 
chain management and logistics,--in theory__:..<fo. riot depend on electronic networks: the . 
implementation ofth~se business practices in the mod,~rn u.s. economy' eire heavily. infused with 
electronic commerce'. The application OfYalue chairi' management and logistics by U.S. . . 
companies rides on the ba_ck of heavy private arid public investments in network technology and 
information technology.fonraqsportation systems. The core national R&D base for electrqnic 
commerce and express package transportation' is in networks, and it is a very robust R&D base. 

' . . ~ . . 

;·· 

I 
' i' 

. . . . . . . i' 
. ~&0, ~ervices and Competitiveness ' ,/ i 

. •. . · . . '. ~atiimaJ com~~titiveness is ; function of thOabili.;,· Or i nation'~ aSsets (l!'Ca!iOn, j,eOple ~ . ; 
~d capital) to add yah.ie to products. and services.sold both domestically and in other countries. II J· 

· ~ere is a·well-documented_conclusion that scientifi.c and engineering researcq·, development and I .; 
demonstration activities-. and the personnel, facilities and supporting educational programs.that I 

· arive such work-play a kh.role in competitiveriess. Ffrst, research anddevdopmentjobs are. 1, • 

. often relatively high-wage. activities, matung a co_ntribution to national welfare directly through i . 
': . the incomes generated for individuals. Second, resecirdi and development can create effective . :. 

dominance for company (first-mover or fast-follqwer) with·long-teim ;benefits to. tl_le company 
and company:s host country. Third, R&D cart ~elp.create a locational ~dvantage.that is not . J 
specific -to a particular company. by creating R&D assets in the fonri. of a density of skilled ;: 
people and culture of technical entrepreneurs: Finally, R&D competence in industriC~.l·equipment · /" 
or systems can create a competitive advantage and economic 'gains for user compal}ies that are. 
:downstream from the companies performing R&D. . · · · · 

. . .· . 

Most studies of national competi-tiveness: -~(f.industry studies. in ~~ppon of 
competitiveness arguments,· have focused on maiiufC~.cturing industries; it is widely accepted­
impliCitly-that that a nation's economic perfornumce.ls :directly connected to its natural . . 
resource endowments an~ manufacturing prow~ss. However;in 1994, _manufacturing, mining_ ~­
and_ agriculture-three production activities often associated with national competi~iveness­
combined-accounted for less. than 24 percent. of U.S. Gross Domestic.Product (GOP). The 
serv~ces that collectively account for ~e r~maining:7s perce~t of U.S. GJ?P also a~count.for 79 ~ 

. percent of U.S. employment: As serv1ce~ h~ve come·to dommate the U.S. economy-and the /( L. 

economies of othe~ industrialized n~ti.~ns-i~ is c~tic~ fu,at our ~nking (~d policies) changes~ , 
to reflect the .. changed nature of our.economy. · ·. ~ T 

• ~ ' • 1 i• 
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The service sector includes such fundamentill societal functions as: 

• Finance, insurance and r.eal estate (18:4 percent of l994 GOP) 
• Wholesale ahd retail tni& (15.5 perc.ent of 1994. GOP) 

. •- . Transport~tion. cominunic~tions and utilities (8.7 percent of 1994 GOP) 
• ·Traditional private serv'ices such as health care, private education, entertainment and repair 

services ( 19.4 ·percent ·of 1994 GOP) I 7 
· . · 

. The dominant role of service~ in the U.S. economy is not a new phenomenon-the 
number of people. employed in service businesses has exceeded the number of people employed 
in manufacturing and agriculture combined since about 1950, and service sector employment 
doubled between '1970 and 1995·. Howe~er, misperceptioris abounc;i. Services are regarded as 

,,secondary industries that are technologically ba<:kward, not c~pital intensive and employ people 
only at low wages. In reality, the technological intensity of service industries is often high 
(transportation, telecommunications and he'alth saie services, fofexample);i many seryice 
industry in'comes are often well above a:verage (doctors; lawyers, investment bankers and airline 
pilots, for example); and there is substantial capital investment by ser\tice companies 

. (transportation firms, communications 'firms and national retail chains are excellent examples). 

Logistics and Package Transportation: !he Challenge for U.~~ R&D Policy 

. Logistics and pa~kage trans~oriation is a particularly interesting (if not necessarily 
representative) technically dynarriic. sei'Vice 'iridu5try with an intimate connection to ·a nation· s 
·competitiveness. There·areiWo·characteristics ofihe industry that'muddy the water with regard 
·to the .relationships betWeen technology and national competitiveness: a) both in the United 
States and abroad, package transportation is historically a regulated and/or subsidized industry; 
and b) the pature of the industry means that users reap substantial economic benefits from 
logistics regardless of who owns or controls the assets, i~e. U.S. producers and consumers can 
reap considerable economic bene.fits from_effective logistics whether the services are provided ' 
by the U.S. Post Office, .U.S. c'ompanies or foreign-owned C:e>mpariies. 

' I • . ' 

With regard to regulations and subsi4ies,.there is a long 1?-istory of transportation 
. regulation, at. both the. national and intemat~onaJ level, that continues to play a role in the 
· structure o(the.·market andofcompetition .. ~tate and national government (U.S. and <?ther 
. ·~atlons') regulation and state~finaficed competi,i'on for carriers have dramatically shaped the· 
· industry .to d!ite. Regulations in air c¥go transport and· inter,. and intrastate trucking have shaped 

the development of the U.S. express packageindustry. Essentially, the regulations ·(covering 
eritry control, service ·areas, tariff filings, prices and commodity limitations) served to limit 
competition by: a) irrij)eding new carriers from directly competing for routes or commodities; 
and b) regulating price competition. 18 

: . · : · · · · 
•· . I . ' ., . • • . . 

• 17 s~;.:.,ey ofCu~rent Business. August .J996. Department of Commerce. p. 151, Table II. 

18 
· · ·Ayotte, Mark J. l994. "Congress Acts. to Preempt Regulatio~ of Intrastate Transportation of Property." 

Briggs and Morgan.' www.briggs.com/preempt.htm · · 

11 



Deregulation of l! .. S·. domestic air cargq tr~sport ·in 1977 and i~terst'ate trucking ~n 1 ?80 
. effectively transformed the competitive:enviroriment for the domestic express package indus~ry. 
Deregulation led to increased competition amsmg package, tarriers---:the numbe.r of carriers 

. . . . - . . . . .. • . 19 
authorized for nationwide general commodity servic'e~ rose fiom zerq in 1.980,to 5400 in 1987. 
As a result of this new competition, prices dropped for express package ·operations..;_by. almost 
25 percent six years after deregu~atiOI;l. 20 The mo'~e-'recent ( 1995 and 1996) dereguhition of .. 
intrastate transportation is expected' to increase co_mi>etitiori tn U.S. ex pres~ pac~age 
transportation. · . . . ._ · · · · ~ · · · ·: · · 

. Gove~erit regulation of; and involv~ment in, international competition ·in expedited . 
cargo (both transnational an~ in~country) als'o has ~ long history and many forms.:_regulation of .. 
trade, goverrunent financeci competitors (postal ~ervices), and laws restricting foreign ownership I :: 
ofvital infrastructure industries. There is 11long histocy.ofn.ations demonstrating the· belief that / -!· 
ther~ is an inherent national interest in having a healthy (if not effiCient), domestically c'ontrolled 
package transpo_rtation system: World«.:ide government llwestments _in postal services, arid . ·· ·1 .! 
regulations making it difficult or impossible for companies based (arid usually owned) in one I· · 
country to carry goods into ()r comp~te for domestic business in another country, are clear · t 
~viden~e of this. These expre;~ions of national interest in i'nfrastructui-e die har~? even in an c; 
mcreasmgly global economy.~ · . · . ' · · . · . · 

·;With re~ard io th~ economic' i~portance .of ~ho owns logi~tiCs pro\·iders; there 1s no 
simple argument. National interests in.coiltrolling package transportation-whether motivated by · j · 
natio~al security or economic ~onc~ms.:........do :no't map_ well ~nto a global ~cono_my in whic~ .-1 _; 
matenals, componen!s an~_fimshed goods move·across national bo.undanes wtth the same.,- l 

- frequency and 'purpose that goods move to and from a warehouse across the. street from a factory. ~ ·· 
The implementation of ~ophisticated global logistics 'cmd package transportation systems enables fl 
globally dispersed _and transnatio~al patterns ofp~oduction ~d consuinption.:Th~y allow Asian 
manufactUrers to sen:e U.S~ custom~rs and south-of-the~equator produce gro~ers to serve !lOrth­
of-the.:equator restaUrants. The growth and increasing capability ofthese systems !iiliow rapid . 
changes in the assets (loc~tion, people ar,id'capi!-al) in us~ arid-· to a certain e~terit~u¢inge 
traditional notions of nati9nal~co~parativ_e ~dvantage ~d competitiveness. · · 

r • . . . - .. 

. • ". .• . J' . . ·, . 

Ft¢ther, it is not clear how a country captures high-value adding a~;:tivities from a 
I 

I' 
I' technically sophisticated and effective logisti_c·s ~d'package transportation. Industry; In product 

,, . ; industries. a good is produced and. consum~cf in' OI:te, .twq or severiil discrete· places, fuld it is .1\ 

.. possible to understand "national"·renims. froinproduction andconstimption'because econornic 
activiiie!;'fiavelocations. Logistics and package transportation itidustries-· lil~e intercity ·: . 

. . ,, .·' ' ( . 
. .'~~ ·• ' 

. t. ;:·,. ... • , ... · .·- l 
. •, . ·. ;" I . . • I 

19 Smith, Frederick. 1988. ''Air Cargo Transportation~ the Ne~t,Ecoriomy." T~ch~ology in Servl;es. eds. r ~; 
Bruce R. Guile and James Brian Quinn: 163. · . ~ . · · , · . . J J 

!o Moore, T.G. '!"9_83 .. "Rail and ;ruck Ref~nn -- Th~ rec~rd so fllf'." R~~~~!i~n(~o~ember/December): 38. !1 . ~ 
21 Se!!, for example, "The Continent is Still aJough Neighborhood for UPS;".iri Business .Week, September 
29. 1997. . - . . . .,. 
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passenger transportation. finance and telecommunications-are infrastructure~based v.·here both 
production and COnSU!llption· are network based. 22 

• . . . · . 
"" ' ~ ·' I 

Two figures (see Figures .2 and 3,· next two pages) iliustrate how logistics and package 
transportation differs from some traditional manufacturing industries. Figure 2 was developed to 
illustrate the critical importance of, and controlling role played by, semiconductor manufacturing 
equipment. In the case of semiconductor manufacturing equipment, upstream '·control" of 
technology has c<;msiderable downstream consequences. This picture of the industry is· strategic 
in nature and relates to the ability of firms in the ~ownstream electronics industries to compete .. 
The national economic benefits that this figure calls attention to are jobs in eiectronics industries. 
This producer-focused approach to competitiveness analysis is quite common. Figure 3 
illustrates the relationship of package transportation and logistics to the industry's technology 
base. There are no controlling technologies~ and the primary economic·benefits are assumed to 

. accrue to the users of the service. This user-focused approach may lead to verY. different policies. · 

In an•increasingly globaL economy,, where the ,most efficient pr:oduction process for goods 
and services demands that goods cross national boundaries quickly and without significant 
impe.diment. the value of domestic ownership or government control ofthe industry would be 
outweighed by the value of efficient participation in the global economy. A country that is· 
effectiveiy served internally and linked to global markets by a group of express carriers benefits 
enormously regardless of the national origin or ownership of the express carriers .. What, then, 
needs to be done? What will strengthen both the United States' a_bility to compete as a location 
for logistics ··activity," and what will help assure ~hat U.S.-based companies reap the" economic 
benefits of logistics innovation? .. 

' . 
It is, perhaps, easiest to identify public investments that are not justified by the promise 

of integrated logistics. For example, private investment in hardware and software for network 
systems is substantial; additional public investment in multipurpose networks cannot be justified 
on the basis of its contribution to implementing effective logistics systems: Further, private 
investment in proprietary value-chain management software and networks, in transportation 
facilities and technology and in organi~tional innovations to exploit logistics-dependent 
opportunities is robust. Finally, the component technologies (sensors, enterprise-scale databases, 
materials handling equipment) for logistics systems are bein'g developed and brought to market 
around the world. There is little justification for public investment in specific,·hardware 
tech.nologies when no specific component technology seems to play a controlling role in the 
success of..provider companies. · 

. Health care and education (network-based production with long-tenn consumption) occupy some middle 
ground. There are, of course, traditional location-oriented economic development policies that can capture value for 
a particular region. The history of transportation is intimately connected to the geography of economic 
development. Historically, cities rose up around ports. More footloose transportati<?n assets than rivers and deep 
water ports -- railways, roads, and airports, for example-- create economic activity where there~was little and make 
existing economic activity more efficient. Package transportation and logistics is no different. There are regional 
clusters of competence and companies around traditional transhipment points (San francisco, Amsterdam, 
Singapore) and newly created centers of activity where carriers locate hubs, cross-docking facilities, or other 
distribution assets. The State of Maryland, for example, has made an effort to attract distribution facilities ser:ving 

·the· major metropolitan areas of the east coast. See Washington Post, Washington Business ~ection "Retail's Secret 
System:· p. 12. February 24, 1997. · 
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There are, '~lso. a few classi'c technology policy issues that are of critical importance to 
·the industry.· Issues s~ch.as radio spectrum.allocation, public investment in transportation R~D 
and assets~ issues relating. to the use 6f the Internet~ and to electronic commerce, generally are 
. critjcaltechnology, issu~.s for the industri~? that.pro~ide.logistics ~ervices. Again, however.· 
privi:ne interest and investment in theseissues is already high, and it is hard to make an argument 
that there· is a need for_ special logistics-oriented R&D programs or policy in these areas .. 

. · The primary need for public R&D investment in this broad area may in advanced . 
technical.education:· The ~ational d~mand for neiwork-sophjsticated computer science and 
engineering professionals· greatly exceeds current'supply. Logistics and package transportation 
providers will have to compete with almost eve_ry other industry for that scarce resource. · 
However, fedenil funds (research center funds; individual investigatoi- research furlds. . . · · 
scholarships and.teachirtg fellowships) could play a key role in strengthening the-ability of U.S. 

·l1niversities to develop and deliver logistics-focused MS and Ph.D. level talent iri Industrial : 
.Engineering, Operations Research or Networks/Computer Science. These individuals-,-whether 
they ~e employed by integrated express carriers, logisti~s providers, or by corpora!e in-house. 
logistics groups-are probably the most effective means to assure that the econom,ic benefits of 
logistic.s innovation accrue to U.S.-ba~ed.companies arid l).S. consumers. ,. 
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