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of a forthcoming Council on Competitiveness report, Going Global, The New Shape of American

Innovation. 1t should be closely held. It is not scheduled for publication until later this year. -

The introduction and the chapter on inform
- working on the MIT speech.

ation technology may be of interest to those
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Overvuew
 Going Global Lessons From Flve Sectors

ls there any cause for concern about the nation’ s capacity for continued innov atlon at a time when

"the bmted States 1s so0 strong’ economically and technologlcallv° The answer from a hundred heads

~ of R&D at compames universities and. national laboratories representmg over $70 bllhon n R&D is

a resoundmg Ves.

The - Councnl s sunev of e\ecutnes in the health, 1nformatlon technology, advanced materials.
automotive and express package transport sectors conveys a clear and consistent message. Every
company ranks the capacity to innovate—the transformatlon of knowledge and ideas into.new
products. processes and services—as a top priority. Innovative -capacity plays a dominant. and
probably decisive, role in determining who will prosper in the global arena: For companies.

" innovation 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 environment) but to increase. productivity and attract investment from an array of global
sources 1s the key to contmuous improvements in the standard of living and qualltv of life.

“In no sector 1s there an 1mmed1ate threat to US .leadership, but nenther according to these

executives. is there any. room for complacencv They are profoundly concerned that the unique set of

" ~conditions that propelled the Umted States to a position of world leadershlp may not be sufficient to

keep us there

‘The New Shape of Global ‘Innovation

Global change brings tremendous challenges as well as opportunities. Changes in the global

environment profoundlv affect the way companies 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.
research and technology along with an innovation-friendly environment pays off in economic growth
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, surpassing the United Kingdom in its
presence in the U.S. patent systém.and edging up on Germany. Others, such as Smgapore Malaysia
and Hong Kong,. have propelled themselves into a fast follower position and are captunng B

downstream jobs and wealth from.innovative actwlty in the United States

The Pace of Technology Churn The line between global leader andalso-ran has gotten -
very thin. The technology cycle times, pamcularly in’ information technologies. are so rapid that few
industry executives are complacent about sustaining leadership. The rapid churn rate has a couple of
implications for the United States. First. countries are leapfroggmg generations of technology within
the span of a smale decade. Ten vears ago few Amencans had ever heard of Bangalore. India. now a
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magnet tor sofmare inv estment. Taiwan ﬁgured prommentl\ as a natlonal security conéern. not ah -
economic competitor. Second; the pace of technological change provides ev er more frequent e1trf}'_

opportunities - for: competitors:  Leadership’ can ‘shift within-a few generations. and——especrall\ m

infotech—a generation can be as little as "2-3 vears. Finally. ‘with product cicles ranging trom.

months'to a few vears. it is mcreasmglv dltﬁcult for companies to-allocate money to. longer term '

R&D that may,not fit into a product window. Most R&D managers are mvestmg in research with an
" eyé.on the bottomline. but more than-a handful wonders from where the next generatron of

; breakthrough technologres will come. - A A ‘r

i

’ Globahzatlon Of Investment Ch0|ces lnformatron technologv is changtng the v\ay,'
everythmg is done and. more importantly. for the U.S.. where it can be done: The revolutron m S

communications. and' information technology affords companies the abrhty to locate therr wealth-

{
creating mvestments wherever the markets offer the- greatest opportunmes ‘and leverage—‘-an’d~"

. without losing the cohesiveness of corporate strategy and commumcatrons lt 1S creatmg real chcrces
for compames about where to invest.- .- K L _ o

v

'Global Ava|Iab|I|ty of Human Talent In “the ' past workers in the developed fan’d,
developing world didn't compete héad-to-head. Ina globalized economy, workers must directly

compete not only on cost and productrvrtv grounds ‘but in creativity and competence as well. ld the
knowledge based economy, individual "corporate and natlonal competmveness ‘will require both ew
and more extensive, skill sets than have ever been requrred in the past. With the ablllty to

marnufacture anywhere in the world and sell it anywhere else. compames are investing wherever hey,

find the best talent pool——and high quality talent pools are avarlable globallv The educatlon,an‘d

training of American workers at all levels is one of the top prrormes and chlef sources of concern m

-every sector. o _ 5

.

Globahzatlon Of Demand For years, the sheer size of our market and the’ sophrstrcatron

consumer demand made the U.S.:the, launch market-of choice for most -hi-tech products——and th:'e 0
side benefits were enormous. Research design. engmeermg and production teams tended to cluster

in the United States as part of a first-market launch’strategy: But,’ globallzatlon of demand has"
evéned out the playing field. Today, the fastest growing markets are overseas, and regional economrc

.. alliances offer j just as attractive launch environments. These days, products are launched globallvﬂand
“almost simultaneously. Although the U.S. will always be an attractive market for new products the
_need to position scientific and engmeermg talent here versus S some other big launch market Is JUSI not
as compellmg ' T : R ;
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Globahzatlon Of Research Itis temptmg to. belreve that the U.S. is the default locatron for

-all the best investments in frontier research and technologv Unfortunately that's no longer truej;l We

hold an enormous stock of past investment, by foreign as well as domestic. compames. that will fuel
innovation here for vears.io come. But, a growing percentage of new R&D investments is gomg
- overseas for multiple reasons: to follow manufacturing, to provide full service operatlons to rrajor

customers overseas. to pay the entry: price for market access. to benefit from an-array of i mcentlves f

4

, and tax credlts and to take advantage of mche areas ' ‘of competence new ideas Jand
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pools or talent No one Ioresees a. \\holesale shirt of . research outsrde the . United States. but 1t is
becoming clear that R&D inv estments at the margin are going offshore ' :

“Impact of the End of the Coid War Era on lnnovatlon The loss of urgency of the
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 (DoD) is reaching a 33-vear low. For universities. cutbacks- in defense
spending have resulted.in a de facto reallocation of funding away from the physical sciences and
engineering.and shifted the focus of defense 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 and brightest scientific talent despite the salary
“premium in industry. For companies, defense procurements created first-buyer assurances at ‘virtually
. any unit cost. encouraging them to take technology 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 latter half of the 20* century. Although
defense spending.is clearly not the only viable mechanism to support frontier research and advanced
. technology. the United States has yet to ﬁnd an alternative | innovation paradigm to replace it.

Taken together ‘these chanqes are. 'shaping a new and more competitive 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 strongr consumer- demand for new . products
and services. But globalization. is leveling the playing field,. changing the rules. of international
competitneness and collapsing the margins of technologicai leadership. Our members are not’
~ convinced that the United States is prepanng for success in a world in which many more countries
. will acquire a capacrtv to innovate. : ‘

"‘Sources of Innovatlve 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. environment for innovation. One of the crucial lessons learned is that
there'is no “one-size-fits-all” approach to innovation. Each industry, indeed each company, draws on
the national platform in different ways to meet different needs How they innovate -largely
determines what their national pnonties are. . -, SRR ' ' '

\ Innovation in health and advanced materlals is intimatelw linked to improvements in basic

-science. It's no accident that their chief concerns ‘center, around the avaiiability and adequacy of
support for research, research equrpment and research talent—and the sector. executn es see problems
emereine n the U S research enterprise: :

" Federal support for basic- researc,h'.is,clearly:a-priority concern. The percentage increase in fttnding
for university. research in the physical sci‘ences (chemistry and physics) has been lower than in any
other discipline by a considerable margin. In the better funded life sciences; there are still early .
warning signs that changes in health care delivery are choking off funding for clmical research at

V-_academic medical centers, tradmonally one of the most vrbrant centers for mnovation in '

(V%]




Study Approach

Step One William Hambrecht presrdent of\’l R Hambrecht& Co LLC. William Steere chalnnan of Pfizer Inc,
and William Brody. presrdent of Johns Hopkins’ Umversm formed a Global R&D Advisory. Commmee—engag
research executn es at leadmg companles unlversmes and natlonal laboratones 10 advise and gunde the project.|

: Step Two The Adwsor\ Commmee examined current developments and R&D trends in five sectors—l}lealth
information technologles advanced materials. automotive and express: package transport and lozlstxcs Memb{ersl!of
‘the Advisory Committee 100k . .leadership of individual .sectors and helped identify other key organizations."

|
.. government agenues and companies 1o partncxpate in. the sector work Advrsors were selected for each sec
2u1de the research o , o sy

orl to

. e
v

Step Three Executrves partrcrpatmg in the sector studtes completec a three-part . |nterv1ew template that, 1sked -
respondents to v : : ' y{.

Tl Descrlbe where they invested thetr R&D dollars what klnd of R&D was performed there and |what
L attracted thetr investments offshore "

. . . W
' . Rank the countries - m whnch they performed R&D accordmg to lO 15 characterlstlcs including the
) quallty ofthe workforce the caliber of research umversmes the regulatorv envrronment etc..and |

- ‘ ' " P o lI .

..-[Ev,aluate what the Umted States‘;shouldabe domg to lmprove the envrr’onment fo'r innovation at~homesl !

R
1:; ! .t . . K 7. . \ . . . . it

4.
- ,,;Step Four' ‘The sector adwsors revrewed publlshed materlals and data from a vanetv of sources to understand

_trends. developments’ ‘and issues and to obtaln Ob_]CCthC information on specific’ aspects of the sector such as
investment pattems and innovative output

¢

ot e

'Step Flve' Studv ﬁndmgs are syntheslzed and c1rculated among pamcrpants in each of the sectors for crmque
‘review of ﬁndmgs and recommendatlons

"

- . . S
o o Lo . . ! I

health care. Umversmes are feelmg the pmch of rising laboratory costs fundmg for state- of-the art

equrpment has not’ kept pace partrcularlv for mformat10n technologles that have become the basis of
o modem research T

l
-
l
l
9

4 Problems in the people plpelmes worry the executives as well When fundmg for graduate research. ,‘
- fellowships and cutting-edge. research grows trght it gets even harder to attract the best mmds awaly ‘ .
from other career paths. The number of graduate students in the physical sciences and engmeenng &

* has'been static or- declining for the past decade. Shortages of clinical investigators have been a lone- l

term’ “problem for biomedical ‘research. . Umversrty and industry ‘executives ‘alike- believe - that the il
~ United States has a relatively narrow wmdow in which'to address a root cause of the problem: l"-l b
failing K-12 system that not- only precludes a science track for many U S students but barell' ;

,achleves the mmrmum goals oflrteracy and’ numeracy o R “
: Proxrmrtv to. the . best sc1ence in many ﬁelds matters to compames Much of thelr breakthrougfl'
 research! is clustered in ‘the ‘Uniited States” “Because ‘innovation occur$ most often at the interface
between disciplines,: technologres and sectors, they -stress the ‘néed for' teaming internally ‘and fot N
multl and mterdrscrplmarv programs at unnersmes Wthh they see as largely lackmg todav This 15‘
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" bring the research in-house for development

. pamcularl\ true for ad\ anced materrals where brolog\ and chemistry depanments and chemistry and’
: ‘chemrcal engrneermg departments remarn worlds apan .

.Partnerships' particularly with universities are another key element of the innovation paradigm.

Many company execlitives see potentral dangers in the trend towards exclusive licensing of patented
university research. In the health care field. exclusive licensing of genetic information. if access is
denied or prohrbrtnel\ expensive, is.seen-as potentially the greatest single threat to advances in

-fundamental understandrng In advanced materials and .other sectors. industry executives are

concemed that patenting practices could compromise the open and free exchange of bas1c research-

1nformat1on a hallmark of strength in the U S university system.

’Heavv R&D spenders themselves, the compames emphasrze national policies that bolster their

investments:.'stability and better _coverage - -of research -tax credits and global protectron for the’

: rntellectual property they generate

ot

" For the hardware, electronics and communications parts of the infotech sector. enabling

technologres 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 10 new products and
servrces is less direct.) For these industries, the inriovation challenge lies in marryrng technological
leadership with rapid product deployment. The global competition in infotech is getting stronger—in
some cases, much stronger. Although most companies ‘take advantage of improving competericies
overseas in establishing. world-wide networks-for research anid manufacturing, their core strategic

~ technologies—the ones that give the United- States an edge in infotech—are clustered here Staying
-ahéad of the competmon hrnges on four key capabilities:

: .sustarned research rnto breakthrough technologies
fast. diffusion of information through partnerships and strategrc allrances
--a cadre of people trained in product realization SR
,,‘raprd deploy ment of competrtrvely priced products

- ‘Publrc 1nvestment in breakthrough technologres is often critical in bndgrng the gap between-

scientific knowledge and technology application. The pace of technology churn is so rapid that
company research tends to focus on relatively .short-term . windows of opportunity. Advances in
science -can be vears-and hundreds of millions of dollars away from viable technology. Although
sustarned investment in enabling technology is mcreasrngly imporant, government funding sources.

"pamcularlv at the federal level, are leery of supporting such research for fear of crossing a line into

industrial policy. Concerns that federal support.for applied research and enabling technologies

".constrtute corporate welfare may be misplaced. Our findings suggest that the closer the technology”

comes to being product~readv the more likely .the companies are to eschew open collaboration and

)

‘Fast diffusion of information through public private partnerships and strategic alliances turbocharges

the learning process—and differentiated rates of learning separate the leaders in innovation from the
rest of the world. Simplifying the partnering process, particularly with universities, is a key concen
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
. unrversmes Smaller and medrum srzed companies find it drfﬁcult 10 establrsh research lrnkages with

5
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universities at all erfecm ely closrng off an rmponant channel oflnformattonrdrtfusron to one-of th
. most femle grounds tor rnnoxatlon T e S I

The pace of product deplox menit is another 1ntegral element of the tnnovatron process for tnfoteclE1 A
B pamful lesson of the 1980s was-that berng the first: mover was scant protectton against fast follow“ers
- The ability of the competmon to replicate our technolog\ €ven at the state-of-the-art. means that, the t
““production process: must be. as sophrsttcated as the" product technology "The pace and qualttv of
product deplovment can be-influenced by national support for research in productton engmeertng
_ an area in which the United States has ‘historically underinvested-—and a cadre of people trained 1n
. product realization. The companies- themselves have ‘taken the lead, along ‘with the NSF il in
establishing the first center for training and research into product realizationy but look to atime vthe'
product development becomes an mtegral part of the core cumculum at research umversmes

s
SR o 5‘4: S

T

lnnovauon in software bv contrast tends to be almost exclustvelv tled to the creatrvrtv of the'

workforce and the abtltty of compames to attract the “best talent The prmcrpal concems of hei‘.\
compamesare = U e

PPN
L)

-a. shortage of software engrneers and declrnrng enrollments in computer scrence o l .
the lack of network-based curricula at universities and. excessively long lead trmes In getting. new!

- curricula approxed (and in this raprdly changrng ﬁeld the educatlon could be obsolete by t

he |©

ume the new courses are approved) ‘ K S '
e “in-your-face” govemment polrctes that slow therr ttme to’ market and mterfere with therr rewa-d 1
mechamsms S e e T T : B )

A.lthough software compames invest: heavrlv in R&D. their focus is more toward the “D» srde Thls ‘
“tends to create a gap'in fundamenital research; pamcularlv in software productrvrty ‘As demand ‘for
" tnformatton technology explodes and information' networKs grow more complex “the need fdr
progress in automating the software process will be critical. Local labor markets can never. _keep up
with the growth in demand for software design—and an increasing amount of software developmer,t »
‘s already going offshore.’ Because advancements in software producttvnv would have’ multtple ‘
appltcatrons and users, [hlS is seen- to be a crltrcal area for govemment 1nvestment software

The automoblle 1ndustrv has some of the largest R&D spenders in the. world but thetr investment} |

i

- . are dtrected largely “at integrating thousands of parts into a machine that has to start on the first try g

" every time, and work reliably in every kind of weather ‘and over most terrain. For the Kinds o;
breakthrough research that promises to transform a century-old technology (hybnd engines, fuel

... cells. electric powered- vehtcles) the lndustrv relies on government research support and extensive |

- partnerships with universities; and nattonal laboratories. The R&D tax credrt is also an 1mportant

consideration in an mdustry in Wthh the- margms of proﬁt per umt are shnnkmg on average.

5

. '\ . ’ N
~In the final analvsrs the innovation drrvers for the automotive mdustry have less to do with the{. i

availability of cumng-edge research or talented people than ‘with local market condmons (consumer |
preferences, transportation infrastructure, price of fuel) and the legal and regulatorv systems. that

~govern safety, the environment and lrabtlrty The dilemma for the manufacturers is that the growth in{ "

|
I
}
demand for fuel- efﬁcrent or alternative fuel vehicles is mainly overseas; to.be players in the global || !
market thev must 1nnovate But the lack of domestrc demand for advanced technology vehrcles-—— [




and to the extent that fuel efficiency and low-"'pollu'tion are ‘national objectives. the lack of
government incentives to stimulate demand—is one of the largest stumbling blocks to innovation.

The express package transport and logistics business represents the marriage of information
technologies (principally sensors. databases. and networks). electromechanical devices for materials’
- handling in both vehicles and facilities. and decision ‘suppon design and analysis tools. Although the
~industry is highly technology intensive. even the most technically advanced do little research. The
companies rely on the existing technology base .and add value throth integrating, demonstrating
‘and deploying these technolomes in complex systems. Proximity to the right kinds of .enabling

~ technologies is a plus but the companies shop globally for the best available technology. Their

prmmpal concerns involve the availability of skilled people—ranging from workers with basic.skills
to trained engmeers—and the .regulatory environment, particularly abroad, that limits market access.

“

What Matters in Innovatlon
If innovation were simply a matter of inspired genius occasnonallv fertilized by government funqu
the challenge, .of .building a national "innovation mfrastmcture would be relativelv simple ,a'nd.
straightforward. But executives from industry. universities and government describe a far richer and
more :complex spectrum of innovation-enablers. The availability of human talent and cutting-edge
research. ‘the regulatory. 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 innovators to capture the returns on their investments are all
essential parts of the process.. Weakness in-any of these elements diminishes the others and. indeed.

. the entlre platform for mnovatlon A R - \
The sector pamcnpants looked at what matters to thelr mnovatwe capabllmes and where the. natlonal
. platform for innovation is falling. shon :

.

People Matter: 'Long-terfn success requires access'to the best and brightest globally. Without
people to create. apply and exploit new ideas. there is no innovation process. Innovation demands
not only a trained cadre of smentlsts and engmeers to fuel the enterpnse but a llterate and numerate
populatlon torunit. - o -
The concerns: - o ~
e University and industry participants alike see K-12 as a ‘flawed educatlonal svstem. producing .
-too many high school graduates who cannot read or add.
¢ Even our best students do not stack up well in international comparisons in math and science.
e . U.S. students and teachers alike are not familiar ¢nough with information tools and technologies.
e For fast moving fields. like computer sciences, university curricula cannot keep pace. By the
time a new course is approved. typically over a-couple of years, the technology base may have
changed altogether. producing graduates with historical rather than current skill sets.
o The number of college degrees in the physical sciences and engineering has remained static or
. declined for a decade. while engmeenng graduates have doubled in Europe and mcreased even
faster in Asia over the same period. ' :
> Foreign students make up a majority- enrollment in many ‘schools; but an’ ‘increasing number of
forelgn graduates:are returning home as viable employment: opportunities grow. :

~1
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" best 1ntemauonal talent. and pamcularl\ those Ph.D.’s that have receiveéd their degreés here. l
e The scientist and engineering population does not reflect the diversity of the populatlon at large.
.» .- which threatens long-term public: acceptance of the need for- ifivestment: in science andl the
) replentshment of the science and engmeermg talent pool. - i

o . . | .
o Restrictive 1mmrgratron laws make it drfﬂcult tor univ ersities and compames alike to recruit the o
l
|

f

: "Re‘sea‘rch Mat‘tefS' For the past 50 vears most”if not all. of the technological advances hav;e.
been directly or indirectly linked to 1mprovements m fundamental understandrng Investmerit i',n
discovery. research creates the. seedcorn “for. -future”- innovation. Government at all levels is tl'le _
mainstay of the nation's 1nvestment in sc1ence and engmeertng research and has the laboratorv T

- infrastructure to- sustain it. : 1

/

L.
o
{

v

The concerns: - =h
" . Industry research as-a percentage of the~ natlonal total is rising, but the’ focus 1s 1ncreasmgl'v
_ short:term. Compames in the global environment, no longer support “innovation by wande}l'rng _
around.” Some. research executives believe that therr industries - have gone- bevond the . dar ger .. o
point in cutbacks in fundarnental research Coa : » . l- " : o
Conttnued growth in federal support for umversrtv research is not usured under the cur'en't "
_budgetplan., ... : o A e
"0’3 “Agency- -funded research, w1th the exceptlon of NSF and NIH at umversmes is gemng closellr to

. 'the market, leadlng to concerns by both universities and. compames about support for frontter '
. reséarch. . : : ' s

v
[
|

' Changing agency missions have resulted ina de facto reallocatron of research resources. creat“lngw .
..an unplanned shift in fundlng for umversrty research away from chemrstrv physics; mathematrcs

and engineering. .= - - . : : L 4

" Static or declining research fundrng slows the- avarlabtltty of graduate fellowshtps——and hence ‘ Do

diminishes the future talerit-pool—for the phvsrcal sciences and engineering.

. » The cost of modern laboratory facrllttes and 1nformatlon 1nfrastructure Is’ tncreasmg faster thzan,
the sources ofsupport e . : b

e e ' e

¥
f :

Partnershlps Matter Both the cost and complexrtv of the innovation process have grealtlv
increased. making closer collaboration among firms, universities and .government not just an optronx k
but a ‘necessity: In complex technologres innovation tends to occur: at the- interfaces betweenl }
disciplines. technologtes -and industry 'sectors. The-country that facilitates those linkages will: gamlr
‘innovative advantages through qutcker mformatlon dtffusron and leveraged fundtng and’ nsk

'
3
H

i
!

‘ ,,'f- i
The concerns. {

o Federal prograrns ltl<e the Advanced Technologv Program which are' as valuable for the; ."
; llnkages they. catalvze as for the seedcom they provrde are still. contentious issues in publtc -

* policy. : S : : - !
e The emphasis on. patentlng and lrcensrng of unwersrty research 1s creating frtcttons at the|

1nterface of university-industry relationships- and potential conﬂrcts of interest betwe?n '
entrepreneurral and.more traditional university missions. S g : l

e
* The lack of. linkage between umversrtles ‘and small and medrum srzed companres forecloses an!
'.rmportant ‘channel for mnovatton RN '
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Manufacturmg Matters \1anulactur1nu compames contrlbute nearly. 7\ percent of total
- industry R&D fundlne-—a key national asset. Although high-tech service sector R&D is increasing.
our limited sample in software and package transport indicates that the service industries focus far on
D& D—development and démonstration—than thev do on research. The U. S. investment in the
infrastructure that suppons manutacturing has traditionally been much lower than in countries like
Japan. where process superiority often compensates for superior fesearch ‘and technologv Since
‘company research is often clustered near manutacturing operatlons the potential Qlobal dlsper51on of
thh end manufacturme may ultlmatel\ d1m1msh our.overall innovative capacnv "
The concerns: = . ° e : :
e Manufacturing. pamcularlv n the automoblle chemlcals and electronics sectors. is increasingly
-global. Delinking U.S.-based research frofn - ‘manufacturing ‘ultimately diminishes capabthtles
X - here because insight into process problems-is a critical component of research.
. “The United States has historically underinvested in the research lnfrastructure and trained
) . 'workforce to support process technology and product realization.
"o Science and engineering. departments are almost alwavs separated on umversnv campuses,
 creating a'chas'm\betweenrsc1ent1ﬁc breakthrough and affordable deployment.

Regulatory and .Legal Frameworks Matter: 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 influenceon both. Getting' ideas to market affordably is an
integral part of the innovation process, but the 1mpact on innovation is rarely one ofthe vardstxcks bv
which the regulations are assessed : :

The concerns. . : - :

o The U.S. regulatory. env1ronment in manv areas is ‘still geared toward heavy mdustrv and focused '
on the U.S. competitive environment. In many areas, regulations have not kept pace with fast
chariging technologies or' global .industries. The United States ranks “well below forelgn
competitors-in comparative evaluations of national regulatory. environments. S E

e Harmonization of regulatory requirements should be' a more visible government ‘priority.
Particularly in the health and automotive 1ndustr1es it is needed to decrease costs and lower

" market barriers abroad. - :
e The lack of protection for proprxetarw data submitted 10 regulatory authorities in many parts of
" “the world raises the effective costs (by lowermg the revenue stream) of investment in innovation.

Capttal Matters The avallabthty of pattent and affordable capltal is quite simply the baslc fuel
- for innovation. Low savings rates in the United States and high entitlement payments are continuing
sources of concern. but a range of federal policies affects the availability of funds for research.
pamcularl\ for small compames L R 3

The concerns:
¢ Small innovative compames particularly in the advanced materlals sector, have dxfﬁculty finding
" early stage capital. . o
L Govemment fundmg for the Small Business lnnovatlve Research program 1S uncertain and
1nconsnstent -
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¢ Gains in market capiualization‘in the United-States are ‘compensating tor underlving dltter;’nc}cs
in the cost of capital internationallv. but this may not survive a:market:downturn’ R

. Better résearch tax ‘incentives are needed to bridge the gap between 'long‘developmeniand
payback periods and short-term financial market demands.. ' -

~Conclusions. -~ .. T Col e

: ;T-he;pl‘a'tform for innovation is one of ourmost valiiable - and least Understoo
both the main driver for and priricipal drag on. future US competitiveness, ‘as measured by the
_success of U.S. companies in the global'economy and improving standards of l.ivin'g”'fo‘r‘Ar'ner'ic.aris.“,
‘The time to bolster our:strengths:and shore up our weakness is now; when thé economy-is strongla
our margin of leadership. is solid: The global environment that 'is emerging “is likélv 10 be.
unforgiving. Neithet- ouf, capability for .world¢lass 'sciencé: and technology" nor’ Gur ability to
dominate international markets is insulated from: global competition. If ‘we"inadvertently allow|key
~parts of our innovation enterprise to érode, the'g “
be.slow to fill the breach. Once- lost, leadership will not be-readily or inexpensively recaptured, |if it
- can be rgc‘aptured atall.. e . e ' CoEe o e e T
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A New Vision for Health Care Innovatlon
-‘Executive Summary

Industry Chair: =~ Céorge Milne
Sector Adi’i$0rs: " Stephen Yoder.

' _ Walter Kuemmerle
Health Care Innovation Is Vital to Us All

America’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 vears-

" since 1900 due to improved public health measures, 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).' 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 the quality of life, not just its length.*

‘Better health has measurable economic beneﬁts beyond the roughly $1 trillion the industr\" generétes in

economic growth. high wage jobs and trade. It means greater producm ity in a society based on human
capital. Increased longevity itself has an -enormous impact on 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, U.S. GDP would be at half its current ﬁgure Our society would be poorer
literally and figuratively, mthout these advances. '

Chart 1:
New Medlcmes Have Played an Important Role in Tackllng Diseases

Drop in Death Rate for Diseases Treated with Pharmaceuticals, 1965-1995

e e ——
“ Rraumatic Fever and Rhmumatic Haart Disassa —-75/.
Atrarcecieror —-“% :
‘ "mmmm_-m
« Ulosr of Stomach and Duodenum —81% .
.

j

0% 0% . 60% 90%
Percent Drop in Death Rate

, Sbyrce: PhRMA. 1997. Based on B,osl'on C ohsulling Group (1993) and the
. U.S. National Center for Health Statistics (1996). ) ‘



| A Never Endmg War

N

These gams mayv now . be threatened not onl\ b\ issues’ facmg the research 1nfrastructure bu by’ ne
“medical challenges arising in the .U.S. and around the world.” Driving these challenges iaré
g

ep1demlolog1cal and demograph1c forces out51de the control and scope of pol1cvmakers e

. Aging of the populatlon The number of Amencans aged 65 or older vnll expand from l’ 5 percent

of the populat1on to 20 percent by 2025 as 76 million baby boomers reach rétirement age. This can be

expected to increase the propomon suffenng from diseases such as Alzheimer’s. cancer. heart drsease‘
are' .
[he .

. and d1abetes Moreover. the economic, social and environmental changes in emerging markets
‘producmg a shift of disease burden towards a mix much.more like that now in"the United States. i
World Bank predicts that.the 1990 world population of people aged 65 and older will triple to l 4 b11
b\ 2030 80 percent of whom will 11ve in countnes that are poor todav

e

llon
B
1

_ Emerglng infectious dlseases The emergence of new health threats, from HIV and other recentl

1

t

¥

recognized viruses to antlblotrc resistant bacteria, are raising the p0551b111ty that the medical advances of

this century could now be Jeopardrzed A recent study suggests that infection as a cause of death in
U.S. actually increased between 1980 and 1992.° Disease does not stop at America’s borders nor are
/insulated from the' horrible toll infectious and other drseases take "in developing - countries. In
increasingly global society. -Characterized by greater freedom of movement and- econo

j
interdependency, ep1dem1cs and nising drsease burdens in other regioris can be expected to have rleal

. impacts on our econom\ and health

N

- Weare engaged in a never. endmg war on drsease in whrch the targets are sometimes elusive and alw;

‘threats. emergmg vulnerabllmes may weaken the’ long -term- capabilities for ‘innovation at a cnt”

juncture. We may be in the process of effectively abdicating leadersh1p respon51b11m just vuhen
needs areirising and opportumtres for. revolutronarv new therapres are mcreasmg

- Key Fin_dings and Recdmmendationé‘
Heallth C[alre lnnovatiO_.'rl’ Is Our Game to Lose T o 3

" in heath care innovation, the U. S:is séen as the clear global leader but this posmon is based largely
prévious Inv estment—and réal concerns are being voiced about the future. Five key themes and areas

lr

recommendauons that emerged from the study are summarrzed here and detalled later in an actlon plan
o ' : : |

|

. Implement proposed mcreases in. federal funding for b|omed|ca| research’ and othe

basuc scnences

Ba51c research and educatlon have been well supported in health-related ﬂelds but not at the le\
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“shifting. Unless methods of disease prevention and health treatment improve, the security of the [.‘J S
- +and the ability of the governmenit to improve the general welfare of the citizenry could be threatenled<
Ironically, although the U.S. is the clear global leader i in the biomedical research necessary to meet thlese
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required to realrze the potential of emerging-scientific opportumtles Innovation in health care is drrectl\t

linked to “sustaining consistent ‘and' sufficient fundmg for basic. research opportumttes supportmg
educatlon and training of young researchers that-power the system, and maintaining an open svst
capable of attracting and retammg the world s best talent lncreasmgh innovation-in. health care is a
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: lmked 10 basrc research in other fields rangmg from chemlstn physics and’ engmeermg to computer and
materials sciences. : , .

2. Save Clinical Research - . L .
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 organizations) 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 trammg and mtegratron of private pavers into the innovation svstem represem keyv targets of
opportunity. - : :

3. Upgrade Phy_'sicalend Information Infrastructure' ‘

Investment in physical facilities and laboratory equipment at universities and medical centers has been
inadequate; with increased pressures for cost- sharmg coming at a time when the institutions are already
financially pmched Shortcomings in the IT infrastructure and personnel threaten to slow the rate of
_ research mnovatron and educatlon necessary to 1mprove health care.

4, Improve Incentives for Innovation :

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

5. Maintain public support for biomedical research

A critical concern is t0 maintain support for reséarch by encouraging informed debate and preserving the
public's trust and protection while avoiding precipitous decisions. that could damage legitimate research.

The U.S. has grown a complex ecosystem for health care innovation over Ihe past half century,
nourished by generous ﬁnancral and public support and gurded by farsrghted political, academic and
business leadership. Like most ecosystems, weakness or loss in any component of the innovation web
will have ripple effects that adversely affect the.others and the whole. The concerns raised by the study
‘highlight key areas of vulnerability. Given the long time frames for health care mnovatron we will have
lost critical time and opportunities when these problems become visible.

In the meamime. other regions of "the ‘world are nOt standing still. They' recognize the strategic
importance of the sector and are making rapid strides to improve their competitive positions. In Europe.
and the UK in particular. an emerging - venture capital community and biotechnology industry is
beginning to leverage historic scientific and technologrcal strengths. Germany has great potential. Japan
. continues to make substantial investments in biomedical research. China is accelerating towards
competing in the global medical products market, while emerging Asian technological powers show real
‘promise. The rapid diffusion of information and researchers’in- what has become a global health care
innovation ecosy stem guaramees that, offshore competmon will become more 1mponam in the future

“ -

2
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" even as lhe acceleratmg pace of scrennﬁc change and expandmg markets offers new. opponumnes for
”CaIChup - . . o ‘ . .-) ,.‘. R o

A New Vision for Health Care Irinovation R A y

:

The consequences of not addressing these-issues would be the loss of innovative capabilities at a crifical”
time in scientific and societal transformation. The world stands on the -threshold of a health caré
revolution (Chan 2). The new tools offered by innovation represent the best way to deal with loon%\in'g

_ health care threats'in this nation and around the world. Indeed the possrbrlrtv of missing thrs opponumt\
oS perhaps the single strongest ratronale for. actron e R '}5 C e

wh

: : Co _Chart 2: s ' ' I i
Opportumtles for Health Care Innovatlon Are Bemg Drlven by Converglng Forces 1ot

R R S ot

Intense . : ) A Al
Public Focus /RS [
on . O [N .
Health
Care

Other nations’ improving research capabilities in health care represefit a: win-win situation in'a world in

" which exchange of information. ideas and _people means greatéer proaress for us all: The U.S. rrus:r,'
-, maximize both'its.contribution and’capacity t6' capitalize on the emergmg global innovation. ecosystem
~in health care. Obstacles towards reaching this ‘goal ‘should not be asource.of discouragement: but a
‘context for prudent planning. We need 10 thlnk proacmelv about creaung a broader vision to rransfcm;

|

i

$

.

"'scrence and -our world:. ) B T e o

' This new w'is'ion for innovation is based ona cornprehe'ns'iv'e set of vinterloéking princ"iples:

1 B . o
L . . ot . AR . i PN R

e Natlonal and mternatlonal securlty is derrved not onl\ from mrlnarv and economic power but. a ,‘
also from scientific and moral leadership. ‘Innovation in health care serves 1ntemauonal 1nterests,b T
- promonng long -term prosperm and stabrlm throughout the world ' SO

P . S L
Y. . .




' Economlc pros'perlty an mcreasmgh 1mponant corollary to national securm 1s enhanced by a
-"healthy and producuve vxorkforce——both at home and abroad ~ :

Enwronmental sustalnablllty is 1mportant to better health: Emereme blotechnolog\ apphed to
ennronmenta] needs may offer new ways to deal with pressing problemstsuch as managme '
‘,'pollutxon and 1 1mprowng agncu]tura] techno]ogxes - :

Health care lnnovatlon itself must be ﬁrm]v grounded in ach1evmg -affordable care and enhanced
} qua]m of life by offering peop]e more and better choices. The ultlmate goals remain the prevention
~and allewatlon of pain, suffermg and dlsabllm along vuth the restoration of hope and health for all.

Reachine this vision wil] require ]éadership, creativit\ and'inVestment The growing public recognition
of the critical role and scientific research, along with the need to ‘back it up with adequate resources. is
.-heartenmg Translatmg this recogmtlon mto vision and action is the next crucial step.




Exammmg the lssues

mnovatlon
tools—and usmg

Health care
creatmg better
 them approprlately
Health care ‘ mnovatlon ' ‘has", two
fundamentall\ different forms

vxhxch offer Qreat opponunmes

« Product or-technoldgy in’no\}at'i'on

'such ‘as new medicines, vaccines.

theraples dlagnostlc technologles -and
medical instruments * and dev1ces

. provides new tools for care givers and’’
© ‘patients to use in both disease preventlon‘

and health restoration, mamtenance and
1mprovement

* Process
things differently.

where clinical. care’ . delivery and
organization - are systematically
integrated. This care is guided: by’

evidence of best clinical  outcomes' from
~ clinical tnals ‘and enabled by using
advanced’ information systems. .Other
.important areas of process. innovation™

include evaluation of health servlces and
delwer\ ' »

Ulumatelv these two tvpes of innovation
© are svnergistic. with new products or uses of ~
",products representing a-crucial part of the -
"process df‘reordering 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)

. means

_both of-

innovation . means doing"-
It is best represented. "
in health care by disease management,” -

‘ wa and more effective vaccines have been based on
) recomblnant DNA and new conjugatlon technologles

[ A

' New proteln drugs like erythropoeltln for anemla and

‘|Ilnesses

. P_r"odu"ct;

" ‘Machines Inforrnatnon
oo * Technologies

. Lab & lrnagi_ng .

', Diagnostic ' Disease !
T Tests ‘. Management :
AR

Medical Devices

b

'Health Services
- & Clinical’
", ‘Outcomes

Vaccines

Value

' Chart 4: '
New Medlcmes and Vaccines Offer Bette r
- Therapies for Patlents

New oral drugs, such as lipid- Iowerlng agents for heart
patients w:th elevated cholesterol, selective serotonm
reuptake inhibitors for depressnon and some other
mental health conditions, and protease mhlbltors-an
important part of therapy for patients with AIDS.

mterferons for hepatitis and MS.

Monoclonal 'anti'bodi'es have proved impoftant for the |
study, diagnosis and, in some cases, treatment of

[}

.
b
3

,

. ‘ Chart 3: '1 ;
Innovatlon by New Products and Processes‘ '
Improves Health Care - |

Choice N
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_ 1nstitutional

‘cross-national -

"abroad.”

S

Health care innovation is a complex
process that relies on collaboration
and regular mfus:ons from. bas:c
research

: The actual process of health care rcs’e‘afqh :
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
pamc1pam plays an important rolé 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
people .and

exchange of . mformauon
resources ~in a series. of

. partnerships is the hallmark of this process.
Research .by. Rebecca Henderson and lan

Cockburn at .MIT indicates - that the
pharmaceutical firms ‘'most connected to

" public research programs have the most:
-productive

drug discovery efforts, as
measuréd by the number of important
patents.’
Hopkins and John .Sturchio at Merck
supports this correlation. between cross-
collaboration and research
productivity.® At the. international level,
analysis - by

increasingly important. - with. European
companies increasing their presence in the
U.S. research envitfonment to a ‘gre'ater
degree than U.S. companies aré expanding

sum of the parts.

Chart 5

A Complex Ecosystem of Players in Health Care

‘Innovation Has Emerged

e

NIH/Government
-.aboratories -

UniVersities ’

Acaderic_
‘Medical
Centers

Basic Non-
Biomedical .
Research

_Basic
Biomedical -

Produet

Clinical
Research

" Services &
~ Delivery .
"~ Research

Development

"Work by Lou Galambos at Johns .

. Biotechnology .

Emerging

Firms

Research
Institutes

‘Walter Kuemmerle ‘at the ~
~Harvard Business " School indicates . that
collaborations’ are -

These collaborations ultimately‘
form a web of biomedical . innovation.. a. .,
system where the total is greater than the“- '

Global
'Pharmaceutical
Firms ‘




.. and Information Technology w:II
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‘ ) . Chant6: - B ’
Many Medicines and Vaccines Are Bemg r
Developed for Both Children and the Elderly

1997 Medrcmes in Development for Chlldre n.

Dlnnl L

o Lo

- éonveréing ' Revolutions in ”"Biology

Transform Health Care

Transoiantation

b RNMsumato0 A-thrring

The output of this process has never
appeared more promising. -Many diagnostic =~ - fiacious oasanes tungas
and therapeutic methods that have recently * = - P
been introduced or are under development Genencomerdas -
will substantially. improve care (Chart 6). - - e
More importarit. ‘advances in molecular T mmm—m————
brologv coupled with advances in physical T T PN
~ sciences, computers - and ~ information } °
-technology. have made the Human Genome S e
. Project 4 'reality. By mapping and . - e ]
sequencmg the human and several other ' o -

K 1t , . . o N w e . . - ‘ 1(
. organrsms genomes = b'\ 2005, thls ! MedncmesNacemes in Development for’ Amencans 65 and Older
revolutronarv project will* provrde the basis . r 1
]
3

L
}
r
I
.
§
)
l

‘for: a more systematic. and fundamental
understandmg of biology. Deciphering the .
meanmg of ‘the genome. is. a “task of -
* eriormous. complexity that will requrre o
significant further investment both in the .
~'tools: themselves and in' their apphcatlons ST e e
The template it prondes will be ﬂeshed out - e
m "thousands of specific research- projects - . . . ’
~over many years. Coupled wrth .other .

. advances” * in ' molecular . brology T e
-pathophysiology and ep1demrology such
understanding will-pioneer better methods fo.
detect, treat and prevent 1llness

o S L0 . s - 20 | 25{

"Source: PARMA. “Medicines in Development" Series. 1997,

The drug dlscoven process which' e .
.incorporates . this mformatron is complex, ,', IR L
_ - Integrative  and mcreasmg]y multi- - ‘
drscrplmarv (Chart 7) In add1tron to the

-biomedical sciences, it relies on mput from a -
variety of - other’ fields.” fanging from
" chemistry, phvsrcs and.computer sciences to"
~ engineering and materials. The emerging |
‘ ﬁ.eld'v of, bioinfo'rrnatics leverages AT
" advances 1o, tum information”  into .
understanding; ‘gene chrps promrse even ..

further rmprovements I )

“Chart7: - B | Ji
: Flndmg New Medlcmes Is'a Multldlsupllnary E ffo){r_t

ENGINEERING| | - PHYSICAL
" Robotics. ‘SCIENCES -
+|. Microengineering,|: Organic &
- ., Advanced . Analytic
Materials,” . Chemistry,
- Electronics - Physics

BIOMEDICAL
. Genetics,
Molecular
Biology, .
Immunology. .
Microbiology, .-
“Pathology

lnterneti
! Compute“r
Modehng1 il

Bnomformancs, :

. |
-IN'FORMAT ION
[
)
|
z
{

o Drug Discovery 1998
A, srmultaneous revolutron In- clinical B g. covery 19
research will-use computers and information
S\stems 10 anal\ze patient. databases and

8




model clinical’ and economic 1mpacts on

',popul_atlonst This  will facilitate _more {
‘rational  and - ev1denc.e-ba_sed. clinical -

decisions on how best to use existing and
new technologies. Every clinical encounter
could potentially become part of medical

research. Information technologies will also .
enable more efficient .and rapid’ clinical
.trials, while hopefully-speeding diffusion of -

findings and best 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 collaborations upon which
health care innovation depends.

Combining these p‘roduct..‘ and

. process innovations will accomplish _ . ,
: the goals of better health quallty with

value.

Such an approach plays to areas of U.S"
strength. Innovation represents the best way .
' to ‘overcome rising disease burdens.
~ Experience suggests that' further-investment :
-in research and innovation produces high
- and increasingly positive rates of return in

terms of health benefits—particularly when

" broad -societal 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-marginal 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 opportunltv Collaboration "

" between blomedrcal and physical sciences

9

' " Chart 8:
Advances in Treatmg llinesses Have Had Large
Economlc Beneﬁts for Socrety

4

"« Current therapies for diabetié retinopathy the leading
+. cause of blindness in the U.S. among patients aged .
. 20-71:81.2-816 bllhon in avoided disability costs:

« Treatment of pediatric acute lymphocytic leukemia
"~ (ALL): $1 billion due to restored lifetime earnings.
-~ .« "Peptic ulcer disease curative eradication therapy for
H. pylori: $760 million-in avoided treatment costs.

. Estrogen replacement therapy decreasing hip-
fractures in women:: $333 million due in part to
avoided iong- term care.

“+ Lithium for the treatment of manlc-depresswe illness:
estimated to have saved $7 brIIron/year since intro in
1970. . .

. Conjugated hemophulus B (Hlb) vaccine for two

month-olds: $347-$462 million in avorded cases of

infection annually

;Sources HHS. Cost Smings Resulting from NIH Support. 2 éd.
.~ Washington. D.C. 1993. The Ad Hoc Group for Medical Research
- Funding. The National Insmures of Health—A Resource Guide.

Washrngton D.C. 1997.

- Chart9: |
Government Saves Money with Health Care
Innovatlon

» Opportunities for cost-saving innovation in mental
- iliness,estimated to result in $148 billion in annual
-, direct and indirect costs, are enormous.
-Schizophrenia affects 5 million Americans and
accounts for 25 percent of all federal drsablhty
payments ‘ .
-+ Today's |mproved medrcal care has resulted in
. Medicare savings of between $180-$219 billion since
1982, with as much as $25 brlhon estimated for 1995
alone.
* Innovation has helped reduce the rate of chronlc
disability and institutionalization by almost 15 percent
from 1982-1994, saving an estimated 2.4 million S
patient years of mstrtutronal days costmg $120 billion e
in 1997 dollars. e .

Sources ‘The Ad Hoc Group for Medical Research Funding. The
National Institutes of Health—A Resource Guide. W ashington,
" D.C"1997; Center for Demographic Studies. Duke University.
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will not on]\ prowde better medicines. it . ° ' - chano:

: ||
will also create new ‘ways of draqnosmg and : Pharmaceutlcal Company R&D Expend|tures
managing - illness using imaging ‘and gene-_ Hav?‘Grown Rapidly—with a Stable POﬂl?n{\
testing lechnoloeres able ‘10 target clrmcal,._ v i Conducted Abroad o ir
therapres for better results. S A R&D Expenditures © N

! : . oL (Eth|ca| Pharma Research based Pharma Compames 1980- %7)
Health care mnoxauon not onl\ leads o .- . 16000 - el . .
longer and healthier lives,- it ‘also ‘biings . .. e , = —

substanual economic benefits (Charts-8 and’ - o c S Dor'nevst'ic“U.S.R&p 9
9. ‘previols page), Using new and better ; S ;

L

S 120000 - . a

therapres reduces the costs of illness and - b
expensive: interventions like- surgery* or--i' . }
hOSprtalrzauon which is- of direct interest to> - 18000 - !

patients, ‘insurers, emplovers as well as the
‘government. ‘Economic calculatrons do not " - ,
include the qualitative value that mdwrduals T 40000

Millions Current U.S.$

R&D Performed Abrci‘ad

. ——-
.and society place on. longer healthrer lives. . T 7/' 2 ” :
~Innovation.also gives pauems and prowders R o L. - S
,more choices. - S T g0 7 1988 . 1980 . 1995 - 1557;31_ ‘
Where We Stand SoeA . Source: PARMA. Annual Sur\ie}'j.' 19[)7-.:' . S
;.'.Given "th'é 1mponance -of health are. .. chama: )
a innovation to society, wher_e_do‘eys the U.S. ’ The Unlted Stat&s Reoeived the BeSt Overall Ratlng fOr
stand? Sector study participants saw the-- .Y . Health Care Innovatlon i
~United-States as the ‘clear global leader in S - o
" the biomedical research and “innovation rf ‘. T
'processes S0 crucral to- achrevmg better ag . h
health care (Chart, 11).” ‘But-we didn’t get’ — 3833567 35 34 340 k
there. by luck  or accrdem Our. current -, . {— —i T B 3_2.1 e
leadership position- stems. fror ‘across-the-: - ' o ! B E
' board: ‘»streﬁgths “in " all -key mnovaIxon"f g | I | ; B 1 I 201 ii,
.elements: =~ - ’ s ’ i {' ;. - Ty
A_1.,iExce11em researchers who push the B RS
~ boundaries of science. . ! bl el
bl

2. _Supporl for :basic . brornedrcal and T o~ 1 !

. B P R *‘ o L > ° o Q. N ‘i o P I B

Cclinical research. along - “with non-- < - & S & & S oS
medical basic research by governmems : Lo r,‘“ ¢ .r,f’ B & - il b

: 3 - : i ‘ i ' : ‘ i,
.nol for profl ’ Organlfallons ‘ 'and 5 = this coumry prondcs a hlghl\ fa\ orable envirénment for |nn0\ ation in health
industry.. ‘ S T e, .

3 Oulslandmg um\ ersmes "dcadem,'c b= this country proudes a hlEhl\ unfa\orable en\rronmem for innov auon in '}
. rmedrca[ c 1 s. research ‘institutes. and health care. N
enter. ~ . -*ratingsrelyona srriall number of data pornls and are mdrcame rather than ‘*

governmem and mduslr} laboratories reliable in as‘a“smal sense- S : b

-+ that- combine - 10" form -the research

: nem ork for mnO\aHOrI L - Source: Councrl on Compenuveness and Prof. \h alter l\uemmerle
S Harvard Busmess School 1997 Surve\ o ,
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4 An entrepreneurial culture and markel-
oriented  system which: ’facﬁilaie the
rranslation of scientific obsenanons into
products. :

5. A concerned and auare public thar has. -

strongly suppor!ed blomedzcal research

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.

ER 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).

They have been drawn here by first-class

educational and research opportunities—a
direct result of sustained sdppon of research

by government.” universities. industry and .

society. These 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, fonmng the basis of U.S.-
leadership in this field. However, sector
study~ participants voiced 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. Sdbport for basic biomedical and . -
. clinical research and non-medical -

basic research.

The federal go»emment s support for basm

biomedical research, pnnclpally via the NIH
and NSF. lays the groundwork for health

care innovation (Chart 13). Over 80 percent . -

g

Chart 12:
The Unlted States Has the nghest Quallty
Health Care Scientists
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Source: Council on Competmveness and Prof Walter Kuemmerle
Harvard Business School. 1997 Surve\

_* Chart13: :
" us. Blomedlcal Research Funding Comes from a

Variety of Sources

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

NIH
30%

" Industry’
v50%

Other Federal
( 0% -
> State/Local
6%
" Non-Profits
4%
" Source: Barﬁeld C. and Smith. B. The Fulure of Bzomedrcal

. Research. 1997. AEI Press. Chapterl



\khrle
participants- voiced serious concems about .

Ty

- of the 1997 NIH budgét of $12.7 billion was

~used for inv ‘estigator-initiated grants—peer
reviewed ‘and’ competrtnel\ awarded:
individual researchers. Private: not- for- proﬁt
organizations. such as the Howard Hughes |
Medrcal lnstrtute are another JImportant-
funding source for ﬂexrble
focused. Tong-term tesedrch so necessarv for’

- high-risk. innovative work." State and ‘local

. governments - have plaved:.a vital, role in. ¢

supporting publrc university 1nfrastructure
U.S.-based  pharmaceutical

" spend more.on R&D-as'a percentage of sales-
than any other industry. and their total
_investment ‘has risen dramatically. over - the’
past two ‘decades (Chart 14),. ‘A relatlvelv
‘small part, of this 1ndustrv spendrng supports.
_ work in academrc settings through an
Increasing “number- and diversity
partnershrps and collaborations; most
industry spendmg is internal and focused on
applred research and clrmcal development
noting : these : strengths : 'study
inadequate levels of basic research fundrng
‘in * the " face’ of enormous opportunities:
declrmng -non-biomedical basic research
. support, and the belief that industry. cannot
- and should not fill publrc fundmg shortfalls
~-for basic. research e

.. ““universities,
academic - medical - centers;
research institutes, '
and tndustry Iaboratones

3. OutStahding_,

The U.S. university svstem Oversees the

education and training for future researchers.
as: well as the conduct -of "basic research.-
~ Academic medical - centefs assoc1ated with
the medrcal schiools of many ofthese leading
universities. fill - teaching and 1nvest12at1ve
roles while' also providing patient care—f'
creating a critical-nexus between basic and -
'clrmcal research’ (Chan 15). They are NIH's .

largest partner " in creating ‘new kno“ledge ,

12

1nvestr gator- -

companieés,
biotechnology -firms and other subsidiaries

-of

-government: *

Chan 14 “ ‘ %
The Pharmaceutical lndustry s

i
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Contrlbutlon Reflects.Much- Higher Relati'\/.e
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“and receive about half of all NIH extramural
funding. Government laboratories: mcludmg

the NIH intramural research program, are
able to conduct cutting-edge science that'is -

unencumbered by the many pressures- and -
short timeframes’ expenenced elsewhere; |
research institutes’ have a similar focus_.

These institutions 'provide the means to

" develop talent and conduct research.

spawning. most of the new biotechnology

firms that have been so important to U.S:

leadership "(Chart 16). They -also- form a_

research network with mdustrv coumerpart

" Deficiencies in the underlying physical and" E

information technology =~ infrastructure.
however, were reported to hamper research; -

-while academic medical centers face severe .
. funding pressures in a changmg health care’ -

system. R .

I

-4, An entrepreheUrial culture and,-

market-oriented system

The U.S. has a _cllmate uniquely conducive |

to applying basic science to societal needs
‘while creatmg economic value (Chart 17).
Receptive - financial markets: and “a. well-

developed venture capital community are -

_critical to providing the means for

_translating. research into new firms- and -

products. A U.S. - environment offerihg

competition and -choice, along with.
reasonable returns for risk taking, creates the’

engine for innovation. Strong intellectual

property = protection, coupled with™ high ..

regulatory  standards  and .- improving

processes. -are also crucial (Chart I8, next
page). State and local govemmems plav an
‘important role in fostering regional

initiatives  that ' promote ., collaborations

~between universities,. and ° industry.’
fIncreasmg collaborations between emerging
‘companies (usually called blOlechnologv_

_firms) and integrated global pharmaceutical

companies that now use all of the same new .
‘genetic.  and. molecular ’ technologles ;

Chart 16:
..As Are Strong Natnonal Research lnstltutes
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- Source: Co'u,nc‘il on Combetitilveness and Prof. Walter K.uemrherle.
- Harvard Business School. 1997 Survey. -
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Chart 17

Investment Climate for Entrepfeneurs Is Best in the

Umted States
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Harvard Business School. 1997 Survey. v v
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assocrated with ° blotechnolog\ are another ... chamtsl -

- vital: ‘aspect of this system (Chan 19) TN Intelléctual Property Receives the Greatestl

‘ - Su Protectlon in. the Umted States
Despn_e these strengths_.-.parti_cipants felt_ _that T

i

“current incentives have not kept pace'vnth s Ce T R oo
the rising costs and. nsks of . health care e T s - !
' 1nn0\atlon 433 o ,
] 394 393 :

5. A concerned and" aware pubhc‘,
~that  has strongly supported .,
‘ blomedlcal research ' : o

The US. publrc has a keen interest in, health -
~care and has strongly supported research
" This includes long- -term public- sipport for - s
" investment in - research programs - and - '1
facilities by federal ‘state;". and' local )

- governments, partrctpatron in"the process as
- patients in clrmcal trials:’ and" acceptance of.;, ‘A

|

]

}

]
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" the new products that - result from" . . USA . ‘Swwenans UK ~:4VGermany . France Japarl' |
" ‘inndvation. A recent Research' America - L o o
survey mdrcated levels of support for public “Source: Council -on Competmveness and Prof. Walter Kuemmerle}..
bromedrcal research | mvestment at over 80 L Ha""ard Business S°h°°l 1997 Survey. i

) percent

-.'Concems were expressed that thrs hrstorrc O S Chart19:" =" . " - ;
support _could be undermined by raPldN Increasmg Strateglc Alliances between Corr panles
L
i
i

technologrcal changé that is now raising Have Been Important to theU S System
‘public fears..about’ the potentral mrsuse of

: bromedlcal ad\ ances

- 3
Ry

Together these elements form a hrghlv~'-..
dev eloped and complex web of collaboration
Between ‘the major - stakeholders m the

- research. and innovation, process.: This *
f mterdependence among players. along wrth,,u;}’i.-,
_ competmve mvestrgator-mrtrated researchil" ’.
* funded'bya variety of sources, distinguishes '
the U:S.. from other ‘regions. The highly

' ﬂe\uble ‘botioms-up approach.. coupled with
‘market- dmen competitive ‘incentives for L
innovation. has allowed the U. S. 1o respond .. , : : . ~
rapidly to changes and"opportunities. This " o8¢ 1987.1988 1989 1990 1981 1992 1993 1994 1995 1996,
stands in marked contrast with’ céntralized. = -~ . U T S '
top- dovm -planning " which - has stifled -
initiative .in other na“ons This complex o “_,'-Sourc‘e: All'indhover.:'.s‘PhormacéuribnlSrrar'egfc=v,~llll'ances_".l997._
ﬂourrshmg ecosy stem’ of mterdependent vet L i Co S Ll
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competitive . plavers - has led
‘'scientific and commercial - $uccess.
‘ecosystem 1s not self-comamed one of its
great strengths " is its opermess to Ideas,
people and resources global]\ '

Ratmg the Competltlon

'Europe shows real
health care .innovation..
nations in aggregate possess biomedical

* research assets .comparable to those of -the -

U.S. Several leading global*pharmaceutical

firms are based in the UK.. Swrtzerland” '
Germany, Scandinavia and France, most of ~.
‘which have a substantial presence in the -
“US. The UK. was noted to have an

environment conducive to
bromedrcal mnovatron

mvestmem in research via the Medical

pamcularh

Research Councrl 1is. complemented by -the -

Wellcome Trust. which represents the single

largest .pm‘ate supporter -of - biomedical -
research in ‘the world. An '-emerging
: European ...and . international  venture '
* community. - and  increasingly . receptive

_financial markets are supporting .a'growing -

number of promising biotechnology firms,
which now number over 180 for the U.K
- alone. Some of these firms are establishing

collaborations wrth global pharmaceutrcal»

" firms.

-On the. European continent, recent  and
ongoing - liberalization of laws restricting

genetic-oriented research are 1mprowng the ..
Public.

environment  for  innovation..
resistance .to new biomedical technologies
' "be moderating. while academic
attitudes against industry collaborations and
commercialization of research may also- be
3 shrﬁmg ‘

Germany has made large strides recently

" with the government-sponsored BioRegio
role.*

campaign playing an . important
Although France has a history of excellent

13‘

to great .
The’

rpv'o,tential for
European

Significant public -

.\ .

" ’ ohan 20: :
. The’ Unlted States Leads in Pharmaceutlcal R&D

.Company-Financed, Phamaceutrcal R&D, by Country, 1995 -

Itvaly_',
9, N
3% Other
Sweden 8%
3%

Switzerland
5%_ C

UK.
7%

US.A
36%.

10% : Japan..
L 19%

'v Source:,Centre for Medicines Research, UK. 1997.

Chan 21:
The United States Dominates Genetic- Related
. Pharmaceutical/Health Care Patents

U.S. Genetic Engineering Pharmaceutic'allHealtttvCare 1995
Patents (by country of origin) ‘

‘Others (11)
7%

Japan (6) _Y
4%

EC Countnes
a1y -
7%

USA. (122)
82%

Total 1995 Patents = 150 '

Source: PARMA. Annual Pale_n'r.s Survey. 1997.
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;
health care science. it was thought to bessull - - L
_vsomevshat shackled. by a centralized. top-~ T :
‘down system of research funding and o L e T s ;
control." . 'E.U. scientific fundmg and " - . LT ‘. Lo !
- strategy also tends to be overly cenralized:" - ‘ - v
Even so. the participants believe that Europe : o N A
represents an area of great potential for © . - " 1 - e L .
‘health care innovation. provided that recent e R IR
improvements -in "the' ‘investment. climate. - - - Cramaz: {
continue-.' ST AImostHaIfofMajor New Drugs 1
i SE g LT - "~ HaveUs. Orlglns *‘__ b
Japan has strengths but Iacks 'crltlcal i
| lelementa for Ieadershlp Japan‘ De?/elopment of152 GI::;;[:;;as b;(‘Coun‘try of0'|g|‘a,..
‘represents the second largest national o

L

pharmaceutical market in the world after the -+ " . . 0 SRS P
U.S, dominated bV'Japané‘se firms who have = .. Faxe S R
been less successful in forengn markets than . Sweden
their U.S: and European . counterparts." g (
Japan s investment in' -basic biomedical :
' .research 1s substantlal vet this has ledto. the’ _ Qrers . S e ’
~creation of only 20 to 30 biotech firms =~ w17 S [ T '
Swizeriard

© versus approximatelv- 1_300 for the U.S. and"
- over 700 for the E.U. This may be due in . .
. large -part .to the " absence’ of .a--strong " . [ _ : UL
entrepreneunal and. venture ~ capital - . - )

i
1
. 1
. z » o ' - N - L
_commumt) and a,: regulalon and Coousa _145

"Vrelmbursement system that historically has % 1% 0% W% 4% { 5
rewarded incremental -rather. than tmlv S - S l
?nno"al_lve advances. Japanese ﬁrms are: Source: Barral. P.E._20‘.Years‘oj: Phafm&cemiéa'/ RéseL:'rch,Res (Ilsi
increasingly- reachmg o establish Throughour the World: Rhone-Poulenc Rorer Foundation. 1996.
collaborations with U.S: blotechnology and . - s L B
Pharmaceuucal ﬁrms n E " 1 ‘
Emergin‘g;re'gions‘ may-'be a force to ce - o o #
be .considered -in..the future. Other . e T B VR T
nations vary W1delv in their chmates for EE o ' o o ‘
-health care mnovauon Some.. such as . 0 'j‘ R e _ ;
‘Singapore. are illustrative of- progress.made - © . .- v T oty
after enacting spec1ﬁc pollcy changes e o R
Several. such as India, have potenual but are B ] . :
’plagued by mtellectual property protectlonﬁ w

“issues. Others' are “nursing emerging - . -
mdusmes and can be expected to be forces ' . '

" 'in the future. At -this ‘time..'their role .in i
: 'blomedlcal research 1s relamel\ small. "~ .~ i

B . T ‘ ,: ii
)
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“How U.S. Health Care innovation Leadership Pays off

Facts bear out the Studv panicipants’ perception of American biomedical,leadership: |

93 NIH supported scientists have won Nobel Prrzes 1nclud1ng current NIH Drrector Dr Harold
Varmus.” - : ‘

Overall crtatrons of U. S-authored screntlﬁc Joumal papers tnpled from 1987- 1993 with these

citations heavily werghted towards bromedrcal subjects a substantral ‘percentage. of which were | . -

supported by NIH grants
- 8’ percent of brotech patents issued by the U.S. Patent Office in 1993 for genetrc engrneermg health
. care and pharmaceutrcal products were to U.S. firms (Chart 21). .

A 1992 analvsis of 11 high- tech industries by the General Acéountfna Office singled out
- pharmaceuticals as the one mdustrv in whrch the international competmveness of U.S. ﬁrms d1d not .

* decline'in the 1980s:"*

From 1975- 1994 45 percent of all the world s 1mportant global drugs ongrnated in the U.s. (Chan
) , L A S .

Research based pharmaceutlcal ﬁrms generated an estrmated $106 brlllon in prescnptron medrcme
sales in. l997--$66 billion in the U S and $40 brllron abroad 13 o :

. In 1996. these companres emploved 203 OOO in the U S. and 164 000, abroad o

hThe U S 1s home to two. thlrds (about 1300) of the world s brotechnologv ﬁnns most of vxhrch are
blomedxcallv -oriented. : . o

- LS. biotechnolog_v fmnsvemp‘loy 1 18,000 people in 1996." _—

Pharmaceutical products have cbnsisten'tlv generated a‘trade surplus\of approximatelv $1 bi‘lli‘on.”3
US. biomedical technologv represents an mtematronal .magnet:: The Us. attracted an estlmated 75
percent of world investment in biotechnology in 1997."° All: major non- -U.S. pharmaceutical firms

- have collaborations with~U.S. biotech compames and most of these'. ﬁrms also have substantral
internal research efforts based in the U.S. :




'Major Concerns Threaten the US
Health Care Ecosystem : W

Despite this record'of past succe'sses.'smd_\' o

:participants’ Voiced  significant concerns

- around ﬁ\e major themes

R ',Basic

- have been .relatively -

emerglng screntlf'c opportumtles

Bromedrcal bas:c research funding

- -has not- kept pace w:th the increased
. number of ew  scientific
: opportunltles. Basrc research provides the
- substrate “-of fundamental knowledge from.
" which all modern medical technology has
‘come. Essential undérstanding of how cells
‘and’ organs function and - malfunction.
diseases progress,. bactena and viruses ‘act.

and how genetlcs the environment and other -
illness, "

-.risk - factors interact' to- produce
provide the tools for further investig’ations
~while giving -clues on how 10 detect. treat

' f,and ideally, prevent disease. Most of this' -
work is conducted in unnersmes research’
msmutes and govemmem labs and funded -
government—

Slargely by the federal . |
_principally. -through '1he “NIH, vla ’

- mvesugator-mmated grams o }v,

A'NIH fundmg has contmued 16 grow over the

) past decade; but notata pace commensurateﬂ'"“ o
i_vmh both. nsmg research opportunmes and -

- accompanying - ‘costs. . The mvesugator-
».mmated ‘NIH granl accepta.nce rate - has
“fallen from approxrmatel\ 40° percent in
1980 10 less than 25 percent in 1995 (Chart’

'._-.J) " While the reasoris behind this drop are .
_llkel\ complex. helghlened competition and"”
' ralsedlr-';. .
investigator anixieties. leading to lower risk.’ 7

reduced - grant lengths ~ have.

“safer’. proposals. Shorter funding cycles

ha\e also decreased research efﬁc1encx wnh :

.

18

’

" -about the future. ‘These concerns coalesced :

‘research - and educatlon'_w
well-
supported but ‘not at' the 'levels

‘required to realize the potential of

P

po

Investigator Initiated NIH Grant Accapunce 'Rnln

"Chart 23:

The Acceptarlce Rate of NIH Investiga

Imtlated Grants Has Fallen

s0%

CM%

. 1980 © 1995 .

Sor(;rce: NlH
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greater amounts of time dedicated to seeking

support rather than actually performing

»r'esearch. Concern was also- expressed- that
specific earmarked funding for diseases.’

motivated by political advocacy rather than
pursuit of the best scientific opportunities.
could distort research priorities.

Graduate blomedlcal educatlon has

weaknesses that could extmgu:sh the
creative -source of basic research:

Funding ‘support for graduate scientific - -

education is incréasingly constramed ralsmg

the key challenge of how.to attract lhe best o
voung minds.- Providing the type of cross- <~
disciplinary - education  necessary.. - for .

excellence 1n toda\ and tomorrous"

environment is limited by funding -and
institutional  rigidity.  Coupled = with
underlyving weaknesses in K-12 scientific

and ‘mathematical education. .such factors = ::

threaten the development of future “U.S:

biomedical research talent.

Fortunately. the U.S. has been able to attract
the best students worldwide for biomedical
graduate education: approximately one
quarter of Ph.D. students in the life science

" fields is of international origin.”® However.
concems about. ‘decreasing ' academic
" opportunities here and emerging commercial

opportunities in other regions may hamper
retention. Current immigration restrictions

. for students desiring to stay. as well as

researchers seeking to enter the U.S. on a
permanent or temporary ba51s 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 fields” have not been so- fortunate.

Government funding for. the physical. -

19

Chart 24;

Fundlng for Non-Biomedical R&D Is Flat

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

tamany Uit 108 3
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1960
1962
1964
. 1966
1968
1970
1972
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1984
1988
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1992
1994
1996
1998
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Sou‘rce: AAAS.

Char; 25: '

Yet Fundamental -
Knowledge Is Based on _
Pubthcwnce

Most Reséarch Doliars Now'’
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sciences. enaineeriha' and IT has declined"

sxamﬁcantl\ since the end of the’ Cold War

© Yet with . science becommg mcreasmal\
mulndlsc1plmar) . the best prospects often lie -~
at the interfaces of fields. Biomedical

research is dependent on a wide variety of

" non-biomedical fields, from chemistrv and

physics to engineering and advanced

biology revolutions - ~would - have ‘been.
1mp0551ble without the use of ¢ computers ‘and

- new information Iechnologxes to process .

analyze, share and $tore-enormous quantmes
of data. All of these technologles were
derived from . basic research; ‘‘and -the

promlsmg advances now expected in healthr"

care would not have been posmble wnthout

them. By the same token. -advances in...

biomedical sciences, particularly genetics.

offers real. promise for 'applic‘atio‘ns in .

chemistry, environmental science, materials
and agriculture. Research is a positive—not

a zero-sum—game, offering benefits to

evervone. Declines - in any one  area

~diminishes all. with society the ultimate -

loser.

Industry money is- not the solutlon to ’
basic research funding issues: While:

the pharmaceutlcal and, blotechnologv‘

: _mdusmes invest heavily in applled research , -
. -and’ ,de\elopm‘ent (Chart :10). these: ﬁrms._
generally do ‘not engage in high levels of *
basic résearch -that produces fundamental.‘ i
‘contribute

knovxledge. " Industry does
substantially to the basic research process:

through scientific. interactions with-academic
suppon and -,
' 1nfrastructure sharmg Flrms are establishing. -
an increasing number " and. variety. of |
collaboratlons “with umversmes to bolster"._

investigators: * educational

their mnovatlon efforts (Chart 76) A 1996

"_'stud\ by Blumemhal et al. indicated that 90 - |

percent . of i  biomedical . firms ‘had

~ collaborations with -academic institutions, .
with industry financial support contribting

The genomlc and- molecular‘ "

Collaboratlons with Academlc Instltutlons i

.8

8

L

" . % of Blomedical Companies In Specified -
* * Relatlons with Academic Institutions
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12 percem of these. -institutions’ R&D
ﬁnancmg B o

Although mcreased collaboranon bemeen_
'academla and industry - provides :more

resources and non-financial .benefits. like

- information  exchange. industry - support 1s
" not a substitute for adequate publlc fundmg'_' '
of basic- research. . From - academia’s
perspective. such a development .could
decrease the free exchange of information -

critical to scientific progress. It-could also

“divert Ul’]lVEl’SlIlES from their. COl’C ‘missions

of “fundamental research and . educauon
towards short-term  applied research/

. 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. . * Industry-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 capabllltles:‘

are threatened by ongoing
changes in the U.S. health care
system Co

The u. S. “health care dehvery system
is-in a state .of flux: The U.S. health care

- svstem. ‘though considered ‘the envy of the
- world. has  experienced ~ rapid and
"accelerating . changes over the last decade,
Npamcularl\ in the past five years. “While

complex. the central feature of these changes
has been a shift away from fee-for-service to
a predetermined rate per person (capitation)
financing of care delivery directéd by
managed .care organizations (Chart 27).
Ongoing shifts” in government health care
spending through Medicare. and Medicaid

21

Pure HMO Enrollment in Million-

Chart 27:

Managed Care Has Grown Rapldly in the _

United States

= 8

B

o

| 9.
" 190

. Source: Interstudy‘Publicatiohs. 1997.

196




4
. . I .
can be expected 1o ha\e runher 1mpacts e T Chart 28; ' g )
" .. These changes are driven by real and A Large Portlon of AMC Clinical Care Revent'1e$ ‘
pressing concerns about escalating costs. Have SupportedrResearch and EducatlonU P’ _
Widespread shifts in how. where and by . . . .
whom health careuis 'prOVided have allered' Esnmared Faculty Practice Plan Suppon ofAcademlc Prograrns 1992,93 :
) » : ‘ . - (Faculty Pracuce Plan Revenue $83b||||on) C ’ {.«»}
reimbursement rates and cash flowsto the. -~ | = SR e P
professionals and hospitals ‘providing this' ' . KRR SRR | s
care. Detailing these changes or making any ¥ u——-&-’- P
recommendations related to them i is bevond - b~ v
“the scope of this report. However. because " —"g——' "
clinical research is embedded within the j %6 s :
health' care delivery svstem. these chanees ) —
have significant lmpact on research and ' ——tm |
innovation.. - and therefore . warrant: . D"-(l-'
co‘n,sideralion. T otwr Se4 ion
Academlc medical  centers are E - r ‘ f
 pressured by changes in the health ' - < - N !
care delivery system: Although the ' . - ., ., SR - :
changes in health care dehven have helped T
‘moderate rapid. mcreases ‘in health care Source AAMC The Fmancmg of’tiea’rca/Schools—~l Reporr ofthi‘ .
: spendmg they ha‘e . also PrOduced ) ~H'tiC Task Force on Niedrca/ Schoo/ Fmancmg Washmeton D.CI'19%. -
“unintended consequences for  clinjcal - - TRl . : : L
research. Many academic- medical centers _f L 7_- C e ’
(AMCs) " have been parucularl\‘ affected. L b
These institutions represent a unique. nexus o Gl ' o
- of basic and ‘clinical research crmcal to the . . S " Chart26: ' , -l (
\ . -multi- drscrplmar\ interactive nature of the . : : IR '
research ecosvstem they- are the workshops, .
of health care innovation. Their multiple Fundmg “Uncertainties” May. Occur When . S
. . Patlent Care Meets Research i
missions .of teaching. research and patient B L S L
care greatly facilitate the innovation process. oL e SR )
‘ Vet also place them at a cost- disadvantage f"» I ; o
(estimated 10 40 percem) in an mcreasmel\ ““;::“:in‘:""' t r f 3
competitive " market.” These’ factors have SRR !
triggered - large-scale  and  necéssary ] . $ NS $/ "$ , B
. restructuring. Vet the\ have also cunarled a o ' . ‘ N ';;-'”'/' ' y \‘
substantial source of funding for _clxmcal‘ I . - I .
,'rese_arch.::‘- This is due to" diversion of L e A [ T
patients from AMCs. to. lower. cost. = o i ~ [ ’
community  hospitals and . rerusals by L — . O
1surers to.pav part of clinical research-costs’ - L U B SR
‘previously “covered under - fee-for-service SR S AL VRTINS I A
: relmbursemem , .',, : ‘ o Source: Mechanic. Robert. Allen D'obson.'Ph\'.D., S;I\'ia Y. The lrllpact ( ‘
' ' T . 'u}'r\lanag‘éd’Care on.Clinical Research:"A Preliminary Im'zes;}gauon
Decreased cliniCal revenues have meant less”  Final Report. Public Health Service. National Cefter for Research
flexible and discretionary funds avaiiable for - - Resources. hup: www.ncrr.nih.gov.newspub/mancare.htm. [P
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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 bétween basic

and clinical research 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

methodologles for C\’lanCC based med1c1ne .

A second impact of the changing'health care’

- delivery system is the loss of patients and
“their data for -clinical research. Many

: potenual research subjects are belng diverted

from AMCs due to cost considerations.

Clinical data is frequently .locked up in
proprietarv databases of managed ‘care._ o

organizations. Exacerbating - these”

“difficulties is competition . from' private
contract research organizations (CROs) that

are able to organize and conduct more rapid
and less expensive clinical trials for
biotechnology and pharmaceutical firms. In
some cases. these .trials .are performed
outside the traditional AMC setting.” The
net effect is fewerresources and patients that
are available for academic clinical research. -

Clinical investigators - at these.

institutions are leaving the field,
diminishing basic. and ' applied
biomedical - research .  and
development  capabilities: = These

~developments have increased pressures on
. clinical researchers who perform their work

in AMGCs. Physician-invéstigator_s 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 system. This is now

particularly important in - light of . .the.
revolution in genetic and molecular biology

requiring translation into -understanding

o
s

Chart 30:. - .

Pressure on AMC Cllmcal Revenue May Affect
Instltutlonal Support for Research

Current Sources
+  of Medical School
. Financing

Pm#sure on #uridlng

Managed Care ————

Potentiat -

Madncar!memczrc_—_" 8

Reforms R

Pressures on Research

Grants &
.. Contracts -
30.6%

— Faculty Salanes .
—» Facutty Time

+
—* Research Support

" Source: Mechanic, Roberi. Allen Dobson. Ph.D. Svlvia Yu. The

Impact of Managed Care on Clinical Research: A Preliminary

Center for Research Resources.
http://www .ncrr.nlh.gov/newspub/mancare.htm.

" Investigation. Final Report. Public Health Service. Nauonal
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.. disease states. as well as the ability t0" o A
.“*~ . conduct research-into clinical outcomes. . ' : . .. Research Activity May Be
' " health service delivery. and epidemiology - ‘ . '.*Affe'(:t'e'd by Managéd Care -
‘~ne’eded to-achieve qualit}' care. . o " N R -
‘ A Chart 31a: NIH Awards to Medical Schools |nvv b

- AMC mvesmzators now feel pressured o - Different Managed Care Markets from 1986 to. 1995
. shift time-away from research to’ cllmcal . . .based on Constant Dollars
care in ‘order to make up revenue shortfalls. - -.: .o ook P
Time . and resources for clinical research - e o BN ';‘ R
A . N 0 © ,( .
,trammg are also: decréasing. While changes . S — Medium Minaged L
in the U:S. health care'system are recent and - - - -l STy . Care Markets .
.the time course_for research is long. two. " . T N K ;
, v.recentl\ published studles suggest that both ey v SRR \‘_‘ow Manajée’dj“
-eXert significant 1mpact The first suggests . - | .Care Marki:et's-I' ‘
.that institutions in ‘areas’ of high managed- - TN }1 1 v
care penetrauon have a trend towards less . - - High '4|a"a'.-w<;j : Bt
) Care Markets\ L
_investment  in research, as- measured- by o { -
decreased dollar growth; compared to those P A
_in low managed care markets (Charts 31a. . o09i: S : ,
and 31b 3" The same stud shows an. - © A D D D N SR e
- ) Y S R FFEF P '9&\& ICIC s .
outnght declme in number of mvesugator-_ o S
- initiated grant awards to chmcal depanmentA . A A
“in" affected " institutions. A sécond stidy - L

mdlcates that voung clinical researchers in BT T

~

[

:

I hlgh low . managed care markets . Chart 31b: RO1 Awards to Medlcal Schools in.
' pubhshed fewer scientific amcles while T leferent Managed.Card Markets from 1986{to 1995,
perceiving -greater levels .of “departmental - -~ . s .  basedon Constant Dollars - !

conflict and - decreased cooperation  and | ‘ )
'commumt\ * These changes also threaten . '152 ' o
the formerly close bonds' between cllmcal. Sl
‘and basic researchers at AMCs dlsruptmg a , T[T LowManaged
. o : s w| 4 Care Markets
human interaction so necessary to research e e A : Codo
v . 114 e NG N ] ‘o
While these studies’ ﬁndmgs are suggestive’ S B
rather than -conclusive,. they could- be -
considered a warning for the future given the ..
early stage of health care -change.’ Study oo 1 T A
participants reported that. many of" these-:»-, BN e e ‘\Hig'n Mahaged
.investigators are ‘now leaving clinical ST B S.. .S . card Markets :
research. Such a loss would prevent the U.S. - _ : S DU L.
. from reallzmg the beneﬁts promlsed by e Al ; - ‘ A RO
innovation. ~ . S SR '

1
{
)
'
i
I

« 0l

Medlum Managed
Care Ma kets R

Payers are generally not an integral . R T LSV R
part of the innovation process: This - - e g
'loss would  directly  impact  those Sourcé: Mo_\ietal; Unpublishéd dita. it
_ orgamzanons financing care. As noted, the A e e E }
i
{

US health care system is -experiencing . . S o A

L oL : " . -
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rapid changes and - dislocations' as it -
. continues ‘to reform ~ and restructure.

Managed care organizations (MCOs) have
now become dominant. pla\ ers.-vet evolution
will continue and new forms of  financing

- and delivering care can be expected o'
~ emerge. Driven by budgetarv pressures, the

role of federal and state governmems as

- pavers will also change ‘as” the shift of
Medicare and Medicaid. patients  toward

managed care accelerates: Regardless of
what forms and funcuons pavers take .in the
future. demands - for quality of -care -will

remain. With some nolable excepuons most -
. private payers have' not ‘been * heavily
involved in the innovation proeess. Some
* organizations have internal research efforts

and assets: improvements. in the numbers

 and capabrlmes of MCO researchers offer

new opportunities.” As the basis for
competition shifts from cost to. quality,
pavers also will have a long-term interest in
innovation. Participants noted that MCOs

:have assets. such as patient -:access and
~clinical data. that are critical to conducting
- health services and outcomes research. The
kev challenges noted .were how to bring -

them into the web of innovation. while at the

_same ' time -allowing AMCs “to "make
furidamental changes necessary to adapt to*
the rapidly evolving health care system. The -~

success of some AMCs: m adopung 1o
changmg market forces is encouraging.
However, changes must occur-in ways that
do not compromise innovative capabilities.

3.  The physical and informational
"+ technology infrastructure’ for :
~ ‘research, along with IT =
'__tralnlng, is inadequate for -

meeting today and’ tomorrows
needs. o v S

Recent investment in academic

_research facilities and equipment has
~ been insufficient. If scientists provide the -

intellect for basic and clinical research while



universities: research institutes. goi‘errunent

laboratories. and private firms provrde the = . |

funding and sites. infrastructure provides.the
actual means to conduct this ‘work.- Stud\

participants reported that investment in *
equipment _at.

_physical facrhtres and
universities and medical centers has been

inadequate.

institutions are financially pmched Rapid

‘scremrﬁc advances are also changing and "

_raising resource requirements. NIH ahd'
other federal research project grants have not , -
adequately . reimbursed institutions . . for .

overhéad expenses. Industry collaboralrons :

‘similarly have been prolec;-onenled Some

specific -programs, such as the 75 general "

- clinical research centers (GCRS) located at

various ‘universities- have been fundéd at )
levels below those approved b\ the National ~
*-Center for- Research Resources_‘ Advisory |

* Council. State governments providing large
. amounts sup’pon for the public university
infrastructure have also been unable to keep

 pace with  rising facility
instrument/equipment ‘expenses _ of
increasingly ~complex. —multi- disciplinary .

science. A long-term - strategy for physrcal_ o

' 'mfrastructure suppon is necessary.

; \Health care information .-technology '
: and
training are inadequate for today and '
. tomorrow’s needs: Equally important as
' burldmgs and equipment is the information.
technology (IT) infrastructure and personnel. .
' The
information techholOgv revolution is raising "~ -

_infrastructure, resources,’

" that” support -research” " efforts.

_new opportunities for health care innovation

and education. Examples include the sharing .

of genomic databases by centers around the
world. the "use of computerized ‘data’in

- clinical trials and FDA submissions. analysis .-
“of clinical data for epidemiology and health * -
_services research. and high quality health -

. information now a\arlable on the Internet.
~.-Coupled- with emerging .

26-

with increased pressures for .
cost-sharing coming at a time when these .

and

advances  .in" .
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diagnostic technologies such as gene chips.
IT has tremendous potenual for 1mpr0\mg

“health care quallt)

Health care. however has been a laggard_ '
compared 10 other sectors in le\eragmg the -
T re\olutlon Study pamc1pams ‘reported

several shortcommgs Pharmaceutical -and

- biotechnology- companies struggle with

enormous volumes of data related to gene
sequences, molecular biology, and potential
medicines (blomformatlcs) Cllmcal health
services and epidemiology researchers are
often not able to access, analyze and share
information 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. lnadequate investment
and  understanding. - of
technologies by many providers is another
issue. Insufficient numbers of the best, IT
personnel in health 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 information available to the

public via the Internet is from questlonable

sources and of dUblOUS validity” —-and

_-developing methods to. evaluate such

information is"difﬁ'cult.

These IT shortcommgs threaten 10 slow the
rate of research. mnovauon and education

necessary to improve health care. They also
undermine-sthe potential to- export health

services innovation, missing an emerging

opportunity -for ‘further U:S. leadership in
innovation. ,Finally. poor quality medical’
information disseminated via the Intermnet”

could undermine the ability of patients to act
as better partners in mamtammg thelr own
health.

19
~1

information - : 7
' Need to Reduce

Chart 34 "
Multlple Factors Are Dnvmg Health Care IT

Decigion ~
Support
_ Capability to
B . ¥ . Caregivers Need for
aa ': ) ©18% Comparative

Outcomes Dats
30%

. Need to Provide
Clinicai Practice
Guidelines
1%

Errors
8%

N.qd to Provide Noed to
Mobile Access - Automate
to Caregivers Y -, ' .Patient Records

4% . ot TOI%

_ Source: 1996 Annual HlMSS/Hewlen Packard Leadershxp
Survev. :

o
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- 4 The  incentives . and.- ' ‘ Chart 35: ' | j
o - . environment.for investment in The Cost of Developmg Medicines | ! :
N  innovation have not'kept pace .- .. Has Grown Rapidly - . ( {
- -with rising costs and risks 400 = : )
: AT . . ... :350- J
_The costs and risks of research and . g 300° by
innovation are rising: While people and’ 3-250 et IO GNP
- . . Capltal Costs
institutions prov1de the source and means for s 200 W
. e a Out-of-Pocket Costs
innovation, ‘proper incentives ensure that g 150 ‘ i
scientific and technological - advances are = 100 | I "
applied to real heahh care' needs in ways. 50 .
* desired by -societv. The U. S. has had’ a., -0 ; — -
favorable environment supporting- such - ' 1976 1986 1987 " 1990 ;
applications, * * yet:  study  participants © -+ . - Constant Dollar Year of Estimate a
expressed concem that policies have not - . . .- e ¥
. kept 'up with the. nsmg costs, and risks of . i Note: costs are in vearly current dolldrs; and durz developmem
-innovation ‘and- Commermallzallon (Charts © .. .costs have likely increased further in real terms. 4
" 35 ‘and 36). Several forces. are . dnvrng “... . Source: Hansen, 1979..Wiggins. 1987. DlMa51 1991: Office. of
" increased costs and risks of. pharmaceutlcal . Tecnology Assessmem 1993 P
R&D and commercralrzatron " : ' o !
o Greater number and complexrt) of o :
underlvmg ' technologies . _such - o ' Chart 36: ' g (
genomics- and combmatonal chemrstrv S Brlngll_ng Med:jc;:eitoppatlents Isa I .
: N ong an is y rocess ‘ j
. now used to discover new medicines . e o -Comapound :
e More complicated. chronic diseases are " - ... Slccess ‘
. now targeted. -with - longer - . rals, | ——— - . R_afeib.vités_ :
e Data. requrremems  for regulatory o o : sc;'eeped
approval have increased ) o - Preclinical Testing (la5 1 * ,
‘ R _and -animal testing) 1 P30
o G.reater . branded = and genenc. -y Phase | (20-80 healthy T
“compelition.  with-’ shorter effective * volunteers used to determine v
: " safety and d A s,
product lives durmg whrch to recoup : o *2 e”:,:‘ase",ﬁ?gg 200 ‘3;“
:."investment . . : RN DR . volunteers used to look N
. Rrsmg investment requxrements for the - B or efficacy) _ _f;
. ‘global commerc:alrzatron of products - hase fll.(1000-3000 patient - e i
. olunteers used to monitor {
- adverse reacuons to long term L . '..
Rising costs and risks of R&D coupled with 3 Rev,ew,App,ova, . ' II" |
a more competmve international commercial * |- — ' ' ' ! .
environment have altered the risk/return - o LT ' A
- : | 4 |
, ratio. The wave ‘of consolldatlon sweeping O A2 4 ‘*—6 ‘ 8 ,10 12 1 16 s
the - pharmaceuncal industry is evidence-of - .. YeaFS I N
“-the changing underlvmg ‘economics’ (Chart - T R T
37. next page). This trénd highlights -the | . o 1
‘importance of - commued mnovatlon for = Source: PARMA. based on data from the Center for the Study
survival: If companies are unable to.develop <~ ~°f Prug Development. Tufis University. 1995. B
mnoxame new ‘medicines that create the' N O S
b,
3
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-more

revenue .base 1o ssupport further research.

" they - may . be forced” into cost-cutting

mergers. Several study participants felt that
research would suffer, U.S. firms would be
adversely impacted. and society would lose
valuable benefits unless key aspects of the
U.S. and global innovation . milieu are
addressed. -

’Intelle'ctual " piopei'ty ' devélopments

could make scientific investigation
difficult _ while

costs and risks: Developments in
patenting practices and enforcement were

. noted to have powerful effects on research
" and innovation. One key  issue is -the

patenting and ‘exclusive licensing: of basic
research tools 'not specifically related to

_products. The granting -of . broad patents’

relevant to basic research tools such as gene
sequences could slow or potenually block
whole areas of research if access. is

unreasonably denied 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'and more rapid and
intense branded-geneﬁc 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 submitted to regulatory .
authorities in most countries of the world.

and the often-inadequate periods of

29

‘decreasing
investment returns at a time of rising

Develpment Time (Years)

: : Chart 37°"
Pharmaceutical Industry Consolidation Continues

An Industry in Transition: The Ten Largest Global Pharmiaceuitical Deals®

" Cibe-Geigy!
Glunnddhﬂ.
Bristol-Myers EETIY | L0 (1989

R TR

Beecham Group! 141980

12(198)

Moechst 1101998 R

" Dow Chemicah L . - :

) Upiohn? m 6.0 (1995) S '
N0 ,

Eastman Kodek tiRiote ) & (v - a : .

"*Sute m biiions of dolart ‘Merger.’ .
Source. Adapued from The Wall Street journar' ) ;

!
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Source: A_dabt,ed from the Wall Street Journal. .

. | Chabrt 38.:.. .
- The Time Required to Develop New Medicines
Has Increased

18

16 T
14 " OApproval
Phase
- @Clinical
Phase
O Pre-Clinical
* ' Phase

. 1980s  1990-1995_ -

"

‘Source: Tufis Center for the Study of Drug Development. 1997.



- addressrng
. (Chart, 40) Concerns of study participants -
- centered on successfully" 1mplementmg its” ”
- measures to preserve and extend the beneﬁts- 7
~of more efficient processes, whrle ensuring .
that the FDA has adequate resources In'areas’ .
such as IT.. Some ‘participants: reported-
in non-pharmaceutical *
with ‘medical -

registration data e'xclu,si\'it\ (where it is
provided at. all).
innovation. Along \Mth other trade barriers.

E ,these deficiencies ha\e been esumated by _
Research and °

the . Pharmaceutical |
""Manufacturmg A.ssocrauon to cost U.S.

N pharmaceutical . ‘firms $5 . billion . in.lost:

;-‘addmonal re\ enues armuall\

:". Regulatory Issues add‘further 'rlsk;"~\"‘

and uncertalnty to innovation: The

- récent passage ‘of the. FDA - Modemrzauon'

 Act of 1997 was seen as a’ major- event
several - loneslandmg issues

continued - issues’
technologies. particularly -
devices. where unpredrctab1l1t\ in current
) regulatory practices  was reported

dlscouraee innovation. . -The, need 1o’ f'nd

" balance between mamtammg hrgh standards
. .that encourage excellence. ‘while "avoiding.
inhibition of i 1mestment 1s a shared sector -

objecme

-

Rising- alobal Opponunmes coupled ‘with

jthe need to recoup investment over a shorter :
were cited as reasons. to
international

~ time frame.
‘continue pursuing
".harmonization of regulator\"requrrements

. and processes. l-la\mg common criteria, .and,.’
procedures for the development, registration

and manufacturmg of medlcmes ‘would
decrease - redundancx -and cosls

" barriers to_acceéssing mtemallonal markets
Sharme data would also further Ihese goals.

¢

Tax incentives and. trade pohc:es v
innovation ‘must be

related . to
improved: Study participants noted that a

maJor problem facing health care- mnoxauon‘ '

i
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‘Source:

speed'ﬂ" -
..de\elopmem ‘of new therapres ‘and lower

éo'uice: U.S. Food and':D'r.u‘g Administralion. 1997.
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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 tax credit particularly helpful.

‘Despite its importance, the R&D tax credit

has been temporary. requiring periodic

~ repassage. Study. participants felt that

making the R&D tax credit penn’aném“f.n

would decrease uncenamt\ and increase

research investment. A recently released
study by Coopers and Lybrand predicts that
a permanent R&D tax credit would add $3.8

billion” in 1998 - dollars to* research

investment by pharmaceuncal compames"

over the next 12, years’' Removing

disincentives in the current tax code for .
U.S.-based firms to conduct R&D in the

U.S. was also cited as desirable:

5. Public support for legitimate
‘biomedical research  and its
-clinical -~ applications may be
undermined by rapid
-technological changes that are
raising fears of misuse

~ Recent developments have raised the

public’s " anxieties about 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 been over the potential extension from
animal cloning technologies to creating new

human beings. Fears of potential genetic and '
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other  medical ' information-based.
discrimination.  for ~ ‘emplovment “and
insurance | are another .concern. Patiem'
conﬁdemlalm s also 'beco'mi‘ng'
important issue. with the - ‘increasing -use of .
" electronic databases and. pending availability '
. of genenc and other potential markers for
-disease: Patlems fearing - misuse of
information ° may~ avoid participating in’
clinical mals Unless. these concerns are
addressed-in ‘a way that ‘maintains -public
trust in researchers and care providers, the
“conduct _and * application of blomedlcal _
research will be jeopardized. The enormous

positive potenual of these new technoloqnes R

to. improve diagnosis . and. ‘treatment  of
~“disease . could - "be lost’ ‘if  they - are
overshadowed by : fear. These fears are .
.worsened.by a generally poor understandmg

of the’ biomedical research . process~and its' .
'specific content, which also threatens ‘the -

role of patlems as mformed partners in their
- .0wn health care o

Governments are considering .

. responses that ‘could threaten'

" legitimate - research: Reflecting the
concerns - of their consmuems publlc-.
officials at federal and, state levels have .

reacted 1o recent developmems by drafnng . .
and 'pushing leglslauon intended to prevent o

_potential abuses of science. The p0551bxlm ;

*of clomng of human beings has attracted the : o

- most ‘attention, but genetic ‘discrimination

and patient conﬁde‘mlahty are also areas of .

“legislative attention. While- seeking - to
prever‘u the real abuse of cloning entire
human ' beings. the effect of some.*anti-
,clomng legislation- could’ be to prevent
. important cell and tissue research needed for
developing new therapxes Areds of research

“and development " ranging- from. .

‘understanding " degenerative  diseases’ to

- developing skin implants. for bum pauentsfl
could be - affected or even prevented. A .
recent letter -from the Amencan Society for .
Cell Blolog\ signed by 27 Nobel laureates. " |
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slressed the nsks that such leglslanon poses
o legmmate basic blomedlcal research.

~ -Similarly. while the confidentiality * of
~ specific ' patient-identifiable. information

must be. maintained. failure to use medical "
records and tissue ‘samples in’ important
disease, epidemiology and health services
research could prevent - development of -

‘better treatments  and -~ evidence-based =

medicine. Fears of genetic ‘discrimination
could derail clinical use of information that
could improve prevention and help "guide

“treatment. The key question guiding. any - .

policy response is how-to best address ‘the -
public’'s concems - about* misuse while

preserving legitimate research and cllmcal .

apphcauons

Theselconcems are not overstated. Gefm'ariy
is just now emerging from the. impact of -
anti-genetic technology laws that seriously

" retarded its biotechnology - research and

commercialization for two decades. These
laws were passed in response-to ‘past abuses °

- of science - and, " fears that” 'emergmg

technologles posed new dangers. Slmllarh
concerns were voiced in the United States in
the 1970°s ~'about recombinant DNA
technology. Fortunately, guidelines ‘were
developed - and restrictive  legislation

avoided: allowing the ‘great progress that =
" produced benefits for patients: ‘Today's’

situation calls for similar prudem and -

carefull\‘ considered résponses to ‘issues

raised ‘b\ rapid technologlcal advances.
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FmalThoughts o ST T L BT r'-
- Concerns’ about health.care mno»atron anid its: apphcatron mthrn the Lmted States should not obscure
two basic’ points. Health tare innov ation has tremendous power 10. improve our lives. and the U.S|is, -

Lo Operatrng from a position of strength Change by doing things better is the onl\ answer 10 health Cc.I'Ci

“and. related problems. and American leadershrp in the global health care: innovation ecosystem ist) r

required to find. solutions. This report offers some prelrmrnarv recommendations to.frame the debate for. ~

_change. Yet the specific responses to challenges noted in this: study must be guided by a broader vrsrlon P

" for innovation. a vision founded on the hopes- for the society that we' want for our generation and 'those i

“that succeed us. Thoughtful policies and’ farsrghted investment so grounded can strengthen and exteIId

N
our innovative capabilities. Such responses will speed the development of new ways of improving

x

health, producing individual and socraI gain’ while presemng and enhancrng basic human value?s I "
Provrded that the right steps are taken at thrs crrtrcal crossroads of screntrﬁc and social change ‘the. case \ :
forourfuturersbrrght T L S . i
Recommendattons BRI ' R e S ‘ I
'Action is Necessary to Secure the Future T RIS
These recommendations represent a starting. pornt for discussion. They are drrected and appI\ to all *
levels of government. academia and industry. because each ‘must pla) a role in 1mpr0\mg the U, S health :
care research and innovation system. - S o ,
'1.’.'Incr,ease' YS:upport for B"a'si‘c; Research ~ .= w |
. . 2 RS 7 3 , ‘ (.
. The Federal Government should : _ v
KY Implement proposed increases in federal fundrng for NIH 10 meet. the twrn chaIIenges of increased |,
research opportumtres -and loommg long- term health care problems ' ' 7 . 1.
o Increase federal fundmg for other basic sciences and engrneermg both for therr mtrrnsrc contrrbutrons !
to the.science base and therr 1mportance 10 health care rnnovatron v |
"|'e Revise 1mm1gratron practices to allow the U S.t6 attract and fetain the best students and researchers '
“globally and to promote cross- border collaboratrons and facrhtate a free exchange of rdeas e
Universities should S LT : '
1., Increase multrdrscrplmarv educatton to realtze the potentral of emergmg technologres R T
Industry should: ,' EEET ' R A L
e Create more opportunrtres for exposure to mdustrtal R&.D for- researchers -1n- trarmng to provrde an

enhanced educational expenence and produce more. rnnovatrve researchers

In collaboranon govemment mdustr} and academza should: -
'y

Improve primary and secondar) education in science and math to proxrde contrnued new talent for-
research careers

78

; i
graduate or .post- -doctoral positions and fellowshrps in

e Increase support for internships.- |
mterdrscrphnarv ﬁeIds to provide the human fesource necessary. to de\elop and applv emergmg |
!

! technolomes

, 34




2.

Save Clinical Research

The federal and state governments should:

Increase support for training of cllmcal researchers to sustain the capacrtv 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 adverse consequencesfor 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

a

Explore ways todeveIOp more transparent and flexible public funding mechanisms for clinical
research to increase efficiency and-accountability while maintaining necessary levels of support

Academic Medical Centers should:

Continue ongoing restructuring efforts to. 1mprove the efﬁcrency of AMC care dellven to adopt to

. changing market needs and economic realmes

In collaboration, government industry, academia and managed care organizations should:

Engage in collaborative clinical and outcomes research to leverage all partres capabilities while
addressing the core interests of each- :

'Develop personnel exchange programs between MCOs AMCs and 1ndustr} to transfer learnmg and

promote mutual understandrng L e S

Explore joint programs for the development of cllnrcal researchers 1o provrde 1mportant future

‘resources to conduct necessary translation and outcomes research

[V
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: 3~. Upgrade Physical and,lnformationilnfrastructure ‘;

T he federa[ and state governments should S N ],)

e Work with universities to develop better methods to provrde adequate reimbursement for 0\ erhead i 1r11

public grams such a- peer -reviewed grants specrﬁcall\ to fund research mfrastructure |

o i

e Work vnth AMCs .and. research .institutes'fto ‘develop- multi‘-use research‘ facilities to address,

* constrained instrumentation and overhead resources ‘ %

K Incem unresmcted mdusiry, grams for»ac‘ademieinfra'str{rcmre through tax incentives or other mear‘ s

The- federal government and mdustry should o _ - o !

@ ‘Increase training for health care information -workers through support of academrc programs and:

commued ‘education to ensure that new technologres ¢an be applied ‘ !
o Suppon publrc and prlvate fundmg of gene research (pharmacogenetrcs) and other lab tests thﬁt

provide information- to facilitate clinical research and targeting of medrcmes to- rmprove ‘the speed i

and efﬁcrencv of research and actual patrem care whrle decreasmg costs - ' , .

oY ‘ NI ' Ty ’ | ‘ \{,‘

t §

In collaboratmn federal and state governments, industry, MC Os, AMCs should Tiee .

~ Provide high quality, credrble information to the public-via new electronic. medra t0- allov\ for |

mformed drscussron of issue and 1mproved patrem mvolvemem in Iherr own care

Jomtlv develop standards for basrc research and cllmcal mformatron sharmg to ensure compatlbrlrt

adequate data security and- palrem conﬁdenualm

’

N [

5

“and to _promote sharing and use of data for 1mponant research applications whlle mamtamm'\
1
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4. Improve lneentives for Innovation

The federal governmem should:

Continually assess whether the patent life of innovative medrcmes is ‘sufficient to warrant significant
incentives for investment in long-term, high risk R&D, particularly in.light of dramatic changes in
the health care environment since past laws were enacted :

Pursue enactment and enforcement of international patent protectlon and of reglstratton data
exclusivity to allow recouping of 'investment necessary in an era of  escalating technolog\
development costs

‘Promote a global busrness environment that provides for free market competmon to provrde a level

playing where the competition is based on real innovation and value

Continue regulatorv reform (fast- trackrng cllmcal trial requ1rements) 0 extend recent FDA reform
beneﬂts ' :

Continue dedrcated FDA user fee funds to continue 1mprovrng the efﬂcrency of revrew of new
treatments and getting them to patrents sooner - -

Pursue international regulatory’ harmomzatlon to improve overall speed, efﬁcrencw and costs of

de\eloprng new therapies -

Pass a perrnanent US: R&D tax credit to provide an incentive for needed innovation

Umversmes should

Remove disincentives for faculty to part1c1pate in the innovation process (conflrct of interest and
disclosure ambrgurtres) to facilitate more rapid technology transfer ‘

Industry should

Work in collaboration wrth govemment and umversrtles on efforts to improve the efﬂc1encv of
technology applications. ‘ :




F ederal and state govemments should ' o
Q.

5. Maintain Public Support‘for Biomedical Research . - - = = !

Avoid enacting restrictive laws govemmg medical research which could seriously slow or, e

e
" prevent basic.advances being made or translated into needed new treatments whrle at the same ti
mamtammg public protectrons

g
S S

In collaboratlon, mdustry academia, governments, and MCOs should .
[}

A

Provide the public with factual. balanced and high quality information-in’ order to have a meanmgfuli‘\,‘-, R
and informed dlscussron of issues related to the appllcatron of new technologres mcludmg genetlcs

'

.

Improxe prlman -and secondarv educatlon ‘In_ science and ‘math to 1mpro»e general pub

understanding of, and parucrpatlon in emerging biomedical scrence issues and critical evaluation
information sources such as those avallable on the Intemet

<5

1

° Jomtlv develop reséarch guldelmes for mformatron whrch safeguards patlent 1dent1ﬁable information
but preserves the ability to conduct .important blomedlcal research in order to mamtam pubhc trust
and support of blomedlcal research

. .vV

Strengthen the peer reviewfprocess to preserve rigor, accountability andpubhc trust

. }o
1 {
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Healtﬁ Sector Biographies

Industry Chalr

Dr. George M. Mllne Jr President of Pﬁzer Central Research and Animal Health and Vice Pre51dem .
of Pfizer Inc. is 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 chemistry frofn Yale University and his Ph.D.
from MIT. He attended Stanford University for post-doctoral study in chemistry and the Medlcal

. College of Virginia for pharmacolog\ postgraduate Irammg

Sector Leaders:’ |

Dr. Stephen E. Yoder is Director, .Corporate Strategic Planning at Pfizer Inc:in 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 thére as an
attending physician for the resident’s teaching service prior to entering the Whanon School. where he
received an MBA with a major in health care managemem

Dr. Walter Kuemmerle is an Assistant Professor of b’usiness 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 ‘Supérieure 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 pharmaceutical and
‘bnotechnolog\ sectors and has worked for several mtemanonal health mdustry leaders.




Health Sector Study

i Industry Chair

George M. Milne. Jr._ o
PfizerInc

- Sector L_e,ade'r's‘ |

‘Stephen E; Yoder-

- . PfizerInc
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A_ffymetrix,' Inc.

Gordon Bmder : _
~ Amgen Inc o S

David Ebsworth
Bayer Corporation -

| Leon Rosenberg
4 antol Mvers Squibb (reured)

Karl J. I—Imelman

Umversm ofCahfomla San Francnsco

) James Blair

- Domam

CharlesE. Putman
Duke University

" Diana MacAnhur"'
Dynamac Corporation =~ =

August M. Watz_lnabe
Eli Lilly and Company
‘Dennis Henner
Genentech. Inc.

' James E. Neidel
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" Dennis Purcell |
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Howard Hughes Medlcal Instnute .
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- University of lowa.
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- Johns Hopkins University
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- Andre L. L_amone

.Medical Science Partners L

. Bennett Shaplro :

Mercl\ & Co Inc.
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Edwin L. Behrens
The Procter & Gamble Compan\

Barbara A. Piette

‘Schroeder Ventures Life Scnences

Rlchard Lerner
The Scripps Research Instltute ‘

'

Kevin Kinsella
* Sequana Therapeutics. Inc."

. George Poste

o

- :SmithKline Beecham ..

Gerald R: Fink

" The - Whitehead Institute  for
'Research- ‘ ' :
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Going Global: .
Information Technology

Industry Co-Chairs: Maurice Holmes
Paul- Homn

Sector Advisor: Don Smith -~

Information technology (IT)' industries have °

tremendous importance . not only. in “their

.own right. but also to the future of the U.S. '

economic enterprise. It's not just -that the
industry—computers. - electronics.
communications, software and services—

represents 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.

‘Everything from computers to cars to coke
dispensers. 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 approachihg. Throat swabs
will identifv germs genetically and transmit

a patient’s information directly to a .

‘pharmacy’s computer. So pervasive and
profound are the opportunities that the

Information Revolution is difficult to -

conceptualize. much less summarize.

National leadership in the technologies and
applications that drive the Information
Revolution is critical. The perception among
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

isustain IT. preeminence. The emergence of

- world-class competition. the ‘pace of
technology chum. and the inadequacy of the
national investment in IT-related research
and human talent are creating some longer-
term vulnerabilities. The global environment

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

Billions of Current US.$

i

‘ Char‘ti:

IT Has Enormous Economic Impact

+ The U.S. IT Industry Represented 6.1
Percent of U.S. GDP in 1996. - -

+ The U.S. IT industry Employed 4.3
Million Workers in 1996.

« The US.IT Industfy Created Close to
250,000 New Jobs between 1995 and
1996. |

- The IT Industry’s 1996 Average Wage
Was 73 Percent Higher Than the ‘
. Average Private Sector Wage.

Source: AEA and NASDAQ..C.:\‘bema/ion. 1997.

chan2:
Information Tec'hr'wol.ogies Lead U.S. Exports
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There is no end in- 51ghl 10 gromh in global L
- demand for hardware. soﬁuare applications S :

and services. Total spendmg on IT is large
and growing around the world 'in "total
dollars and as a percentage of GDP. (Charts- -
5-and 4). For example. the total worldwide -~
market for softwaré alone ‘is predicted to _ , - o
double between 1996 and 2001—from $105 *~ - S S C 1o
to $203 billion." Worldwide spendmg on . [ ‘$3374billi0n'.’ TR "$937 1 billion, ,
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competition -to capture
. investments in IT

wealth-creating
technologies.
manufacturmg and services (Chart 35): N
European countries are investing strongly in -
both regional R&D consortia and in.national -
IT infrastructures.  Throughout - Asia’
emerging . . economies - are targeting
information technology as a key industry for
development (Chart 6.4nexl‘ page). .
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Chart 8.

The Unlted States Stlll Holds the Largest Smgle Share in Hardware Equ1pment :
and Communications Exports—But the Global IT Market Is Exploding and

1081

Jépan
17%

- 23%

Germany
14%
France - . \
8% ; ROW .
_ 18% -
UK. . -
80/0 ‘ : Italy
Netherlands’ . 4%
4% L Sweden

4%

' $43.1 Billion

Barrlers to Entry Are Falllng

" USA.

Germany 1996
6% o
France - . Japan
s - C10%
UK ‘ S
8% - USA
' 16%
Netherlands
L 4%
Sweden o
3% China
3%
Italy - S. Kor
6% 3%
Malaysi
o 3(% .
"~ ROW Taiwan
18% R 5%
‘ . : Singapore
10%

$303.5 Billion




“chant 7

"ltJnited‘S_tates" Do_minat{es IT Patents

Chan 8

0

o On Balance U S Company Funds for

Lo T IT R&D Are Increasmg
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49%
Total I Patents 1992 1996: 65 583 " "1 - Source: The Gray Sheer. International:Data Corporaticn. 1997
Source CHl Research Inc. - BRI oy R ‘
© Chano ‘ . Chan 10 )
Top 20 IT Firms. by R&D. Expendltures 1995 Top 20 IT Firms by R&D Intensnty 1995
- (bnlllons U S $) ' (R&D asa percent of sales)
| - o N
| Siemens Gerrnany $2.075 | Adobe Systems, USA. 18.2%
I . I . i
| Hitachi i “Japan. .'$1.945 | Cray Research” . USA , .. 18.2%
; AT&T USA $1.518 | Novell USA- T - 18.0% -
| Matsushita Electric industrial Japan $1 496 | Advanced Micro D‘evic'es USA 16.4% '
| 1BM - Uusa $1.383 | Lotus Development usa . 164% |
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Nonetheless. the - widelv 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).” The IT industry.
electronic ¢omponents.

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 16 -

percent of total world exports in computers
and -office equipment. semiconductors and
electrical components. and commumcatlons
equipment (see Chart 6). oo

There are a number of factors that contribute:
to U.S. competitiveness: : :

Software and IT Services Leadership
Software is an industry 'in which the United

led b\‘_"‘
invested over. $40’
billion in R&D in 19935, more than a third of "
the nation’s total business investment (Chart

States holds a pamcularl\ strong advantage. -

The software "and computer ‘services
industries created more than 450.000 new
_]ObS bet\\ een 1990 and ]996

'Hardware used to comprise the lion’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 .
Industry’ respondents

support (Chart 11).
point out that software drives IT innovation.
Hence. the US. lead translates into
ad\amages for. other 'sectors as ‘well (See
Express Transport and LOQISI]CS)

Entrepreneurial Culture
‘The United States features the premier
innovation culture globally. Entrepreneurial

* CHI Research. Inc. Technological Competitiveness
Analvsis for Five Technu/ogies in 153 Countries.
October 29.1997. Table 1. p. 30

" AEA and \-\SDAQ Cvhernation. 1997 -P. 12.

n

“Parcent -

* Chart 11:
Software and Services Are Gaining Share
-U.S.IT Spending’
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' i
IBHardware |
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Source: The Gray Sheet. International Data Corporation.

Chart 12:

T Dommates Venture Capltal Investments

Information Tec hnology
50.9%

Other Co's.

Medical 17.4%

23.0% ,
‘ Retail/Consumer
8.8%

1997 Market Value = $12.2 billion

Source: Coopers & Lyvbrand L.L.P. .\:Ionc_\' Tree Re.poyr}l, 1997 Results. P. 1.




talent creativity ‘and ‘risk- tolerance pronde

the grease for the U.S. innovation machme
‘ An mtegral jpart.of this culture is our umque
- venture' capital (VC) industry that helps 10

pull. ideas out of- um\ersmes and existing '

compames “into new “technology’ ventures
The ma)orm of VC investment. in turn. is in
the mformauon sector (Chan 1" pre\ 1ous
aoe) N 44 SRS -
Vemure capnal -creates’ the® reuard
mechanism’ through which innovators profit
from their activitv. This profit incentive.
augmented by  the financial
imposed by the VC process. drives a more
rapid commerc1ahzanon of ~
Iechnologxes ' S

Although other coumnes have Ined 10

* imitate the venture capital system prev alent

" in the United States, the lack of a tradition of
* private ownershxp in‘many countries inhibits
' successful transplamauon ofthe VC model.

" Market Slze a'nd Sophlstlcatlon

The fact that the*United States.constitutes -

 the largest smgle market for IT products and
services 1s 'a l\ev draw . for talent "and
" investment. Both U.S. -and foreign firms in
_the IT sector feel the need to have a
presence .in this: ‘market. Our large and
demanding consumer markets provide
abundant demand and opportunities for new
information -technology- products -- and
services (Chan 13) ' T

World s Best Talentl

University Tralnlng Ca
*The U.S. ability to generale and attracl Ihe
best technical talent from'all over the world
provides a keyv.competitive edge. The talent
_pool s driven by-the fact that the bulk of the
industry is located in the United States along
with \\orld class um\ersmes that " attract..
train-and  gradudte. the best and . brightest -
internationally ""(Chart -14). International
competitors- that have improved " their
- po:mons vis-a-vis the Umted States, ha\e

d15c1plme o

new .

>

- -thpaq \
" AsiatPacific”

W Europe :

: Pércont 91 Tolai ’

S

. ¥ . Charti3:’

Worldwide Web Use

: % : L

) W=

o . 20 a0 .80 80

. ' Miltions of Users - "

Source: The Gray Sheet. lme‘mational'Dalia Corporation. 1997

Chart 14:

U:."S'."fUniv‘érsities Attract Foreign Students .

" Foreign Citizen Graduate Enroliment

e

- Total S&E Endinuring .

Math & " Natural”  Social Science
Computer Sciences ’
Sciences =

.21983 B1993 .

Source: NSF. Science & Engineering Indicators—1996.
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. done so primarily through the .dei-elOpmém_
. of highly skilled human capital. :

' World's Best Research Universities
The ability to attract 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 countriés -

in which research and "education ' are
¢ombined—enhancing both the preparation

of the students and the quality of the:

research. The diversity. of  world-class
institutions creates a virtuous cycle of

competition to expand lhe fronuers of

knowledge.

Silicon VaIIey

Silicon Valley is unique globall\ 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 VC and a risk

taking culture. Silicon Valley is arguably the
most important- region for IT ‘innovation = -

anw»here in the world (Chart 15).

WHY INNOVATION MATTERS

There. is a »\1despread sense that the U.S.

lead. while strong, is not 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. ’ v

Countries are leapfrogging - generations of

technological development in a matter of . g
veats. The pace of technology churn-in the .

industry is so rapid that no industrv leaders
are complacent about sustaining an edge

(Chart 16). Leadership can shift in a matter-
- of generations—and -in this industry. a..
generallon can be less'than 2 vears.

" Chart1s: -

Siliéo’n Valley Outperforms Mr;_my Countries .
- .in Patent Production:

«
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. iy
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. Chart 16:7.
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'\loreoxer the ‘globalization of the

IT
industry. has had a profound - impact on

where and how new products are 1ntroduced .

(Chans 17 -and “18. next page). ‘Ev en ﬁ\e
vears ago. the United States was’ the launch
market of chonce for virtally all IT products
and services.
strategic - adv. antage since it drew product
*.development and "research’ teams. into the
‘United States from dround the world. Today.

product launches are begmmng to be global
and simultaneous: there are less compelling

. This ‘created an -enormous’

reasons for key personnel to- be located in ...

the United States

Further. as IT mdusm operatlons dlsperse
. globally. job opportunities for the best and.’
brightest are increasing overseas.(Chart 19).
" There i IS less attraction for forelgn graduates
-trained in the United States 10 work here
when they can-get a sxmllar job at home. A
growing number of U. S: trained ‘scientists
.and‘engineers are opting to return home. -

These chanees do not' dlmlmsh Amerlca s
powerful advantages in'IT. but' the\ dopoint
to some potennal emergmg \ulnerabllmes
Emergence of. New Competltors e
CAccording 1o, the sector - pamClpants".the
largest . threat to “the U.S. competitive -
~position in IT is not that .any one -country -
~will . soon surpass it but. - rather. that the
number and sophlstlcatlon -of - competmg .
- countries is growing. It is clear'that a' few -
.competitors. South Korea ‘and Talwan in. -
particular. -are making the transition from.
imitator 1o innovator, Tamanese IT patents
filed in the United States increased 8.292

percent “between 1986-1996. while South o

_Korean patents increased by a staggering

+ 40.625 percent during the same time (Chart .

- 20: next pageé). At this rate of growth these
countries have already -overtaken the UK in

. their. presence in the 1..S. patent system and
~are edeme close to Germam

AL the same. other. countries can threaten
- LS. leadershlp by capturing  the
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downstream  jobs and = profits - from -
" innovative 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 survey mdlcated
that the presence of 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 tvpes
of research with manufacturing.  The
diminution of ‘the’ U.S. IT m'anufacturing
- base has potentially - - fariranging
repercussions in two wavs. Flrst there is
~ concern that design supenorlt) in electronics
and-- software applications cannot be
sustained in the absence of-a -strong and
cutting-edge . manufacturing  capability.
Second. U.S. manufacturing companies
account for the vast majority of business

"research. about 73 percent. Service ‘séctor

companies. which have much lower rates of

investment 1n 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 .

N

adv erse]x affected

Short Term R&D Investment Focus

4 -\lthough Ihe industry’s investment in R&D
is increasing. there is concern that. product
.development  is  overshadowing  its
investment in long term- research. ThlS

should not be surprising given the rate. of -

technologv ‘churn in the industry. With
: product cvcles ranging from months to a few
" vears. it is dxfﬁcult to allocate money 1o

“longer term R&D that mav not fit into a’

C}haf‘t 20:

'Emerging Eoonorﬁ&s Make the Transition
from imitator tq Innovator

counrmy | sgemm | saroma e |
Germany R Nt r T3y
Ceu Co3an 5409 60%
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| southkorea C 4 1629 40.625%

Source CHI Research Inc. Technologlcal Compeuu\ eness
Ana/\ sis for Fne Techno{ogles inlj Counlrles October 1997.

Chart 21:
The United States Faces Stiff Cost Competition
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product window. Very few companies are
able to invest for a pavoff that is 10 vears
away. Moreover. many advances in [T are
broad in their applicability and complex
enough to take several engineering iterations
to get right. No single company can be

assured of

recouping such research
investments. :

Government fuﬁding traditionally provided

the impetus for fundamental advances in
information 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 environment 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
T 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 1s 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 10

forgo higher salaries in industry for the more - .-

intriguing research in academia. As one
university executive noted.. given the given
cutbacks in funding - for cutting-edge
challenges. the research™ universities are
having an increasingly difficult
differentiating their research environment.

time .

Millions Constant 1987 U.S.$

Basic Research at Universitles as % of Total
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A number of industry re’spondents in the IT
sector are worried that univ ersmes are belnﬁ
drawn towards research. that is closer and
~ close to the market—which diverts attention
“away from their traditiona] focus on
" discovery research Many universities. -but
pamcularI\ public universities. have been
tied. more closely into regional economic

development programs where:the metrics of-

success tend to be jobs and "businesses:
created. There, are growing pressures for -
universities o get
" parks, technology incubators and  small
business assistance programs. Moreover.
1ndustr) respondents perceive a growing
tension  between proprletary intellectual -
property ~and  an open . research
environment—which they believe represents

a serious threat to the health of the U S
research base .

University. . government laboratory and’
- industry - respondents -alike - agree: that
- partnering is essential. Access to real world
problems - actually improves and sharpens
_the quest for.new knowledge at universities.
Mot Af not all. industry technologlcal
, ad\ances can be linked to improvements in
fundamental understandlng. But,- ‘the
shrmkxng time  scales - over'-  which
‘fundamental knov\ledge is converted into
. technology, products and -
necessitate. a more - intimate. connection
between  knowledge generation. and: ", .
technolog\ de\elopment The issue is not
whether ‘the lmkage betweén universities.
labs and companies, should be strengthened. -
but how to manage the interface more g

carefully 10 preserve the core strengths of
each.’

e

services -

- Human Capital
There is clear consensus that people aré the -
critical link to competm\ eness—and that the.
‘United States is falling short. At the K-12-
“level. the readiness of the majority- of high-
~ school graduates .either to enter the
‘workforce ‘or pursue advanced educatlon 18 0.
seriously questioned. U.S. students do not

1nvolved in research.’




o

~ stack up well in:math and science against the

rest . of the world. according to recent
international studies. University enrollments

in the disciplines relevant to IT are down.,

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 potential to
affect long-term competitiveness.” Indeed.
imbalances between supply and demand of
talent at home only increase the centrifugal
forces that drive companies offshore. As
immigration restrictions have tightened.
more companies charge that U.S. policies

are actively creating the 1ncennves for them -

to set up research facilities - abroad

University and company executives .agree

that. at the wery least. immigration policies

“should not force foreign students graduating .

from U.S. institutions to leave this coumrv
on compleuon of their degrees.

~ At the same time. inf_ormation technologies
themselves are an integral part of the
solution. Software leaming tools and
networked learning opportunities offer the

potential to revolutionize the leamning -
environment and create the locallv-trained. :

workforce for the IT industry as well -as the
other manufacturing and services sectors
*thdt embed information technologies.

What is clear is that de'mahd 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 domestic.” ..
talent base is essential. sector respondents_

also note that ad\ances -in areas like
software productivity must be made because
local labor markets will never be able to
keep up with the exponential growth in

- demand for software. They stressed the need

for a serious and ‘concerted investment in

12

I [/—/ Statistics,

Yhousands | )

Chart 25

The Numbers of Bachelor's Degrees
- in IT Disciplines Are Dropping -

Lo Electrical \L &omputer :
27000 ! L Engineering cience -

Mathematics &
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Source: National Science Foundatipn‘ WébCASPAR Database.

‘Chart 26:

'-A‘DepartméntofCommerce Projects that' Demand for IT ‘ v |

Workers Will Grow Faster Than Supply” *
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-automating the -software process. not just in -

terms of orrglnal code." but to \erlf\ and "

\alrdate tens of mllhons of lines of Code
apphed integrated into comple\( svstems.

¥

WHAT FACTORS ARE DRIVING
GLOBAL R&D

The drmng force behmd R&D globalrzauon,
is' the

in IT, accordmg 'to participants.
avallabllm of highly skilled. productl\e
people (Chart 27)..The importance of people
was at least an order of magnitude .greater
than any other factor. accordmg to. the sector
respondems In" every- mstance
"-responded that they established: their foreign
. R&D facility locations to tap.a local pool of
quallﬁed workers. In an mdustrv in which

“innovation is the key to compemlon the.

capacm of a nation or region to supply a
technically - sophlsucated and
\Aorl\force is its most 1mponam attribute.

- Another key factor \Aas local demand—both
the presence of a local market for the
- products bemg de\eloped and the need to_-
tailor existing products to the needs or tastes .
“of a specific market- For example. research -
~leadership in speech recognition technologv ,
is thought tosbe 'in the Far East since the .
ke\board is poorly " suited* as” an input-
mechamsm for.Chinese characters. For some

© companies. however, the transfer of research

is‘quite simpl¥ the price of markét access.

Intellectual -property. was an important

negative * factor _in the globalization of =~

research (Chart 28). The abilitv 1o capture*
.the benefits --of innovation provides the -

. primary impetus for investment in. R&D:

strong- national [P protecuon creates' an”

investment- fnendl\ memrronment Most

" respondents agreed that the -United States ..

has one of the best IP. -protection systems—

and that the lack: of such svstems in certain - '

"developing. countries:was an 1mped1ment to -
: ;_1n\ esting there o

c

ﬁrms '

innovative -

- Environment for Intellectual Property Proteciion-

Chart27: . "

’,_'_'-I'nformation Technology Talent Pool

. 5 3
C as
; o 4 4 4
el —
Lo co o :
b Lo P : :
LT X0 A T B
* 3: i 1 ‘ , I . ’ .
o il :
ST ! Py ! b
P ") ol :
2‘ H k ] + .
i N
g I
ik IR LN L
. Japan USA Israel EU . . S.Korea China

1 =vq'oes not provide a strong péol of talent for Info Technologies
' '5 = does provide a strong pool.c_:f taient for Info Technologies -

C . ) ! N

- Source: Council on Competitiveness Survev. 1997 .

" “Chart 28: -

<. v

s .
P 42 g
E i 35 33
i ! i ! —_ 3
1 L = :
i L P 5 :
= ! i 4 ts { s
S A T O
fove I R ;
P ( { ' ! ¢ )
H i .
S UsaA EV israel Japan ~  S.Korea China

1.= highly unfavorable environment for intellectual property protection

N

D

Source: Council on Competitiveness Survey. 1997. -

- .5= highly.favorable environment for intellectual property pr’oteciion '




Local incentives and local content
requirements have also intluenced R&D
investments. ~ Numerous countries  are
offering firms large subsidies for plant and
equipment or training—as well as providing
considerable tax breaks as part of incentive
packages. :

How Our Competitors Stack Up o

Japan

The Japanese are prime competitors in a-
number of information technology sectors. -

Respondents ‘praised the ability of Japan'to
make incremental  product .improvements
and to wring costs out of the manufacturing

process. The lack -of venture capital and a
- risk taking. entrepreneurial culture—coupled

with a penchant for govemment-directed
economic. - initiatives—were viewed. as

impediments to the innovation environment.

“India
India is developing as a prime location for .

offshore R&D activities in the IT sector. Its
growth 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 govermment has invested in

upgrading the telecommunications
infrastructure that is a critical piece of the
platform 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 firms interviewed had an
R&D presence in lIsrael: Major factors
working in- Israel’'s favor  are an
entrepreneurial and. creative. culture and. a

good supply of highly skilled graduates from -

Technion University. Study participants also
cite government incentives as plaving a role
in their decisions to-locate R&D there.




Ireland
Ireland has staked its de\ elopmem effons ‘on

" antracting - foreign direct investment .in

manufacturmg and technologx industries.

Large g0\emment mcenu\es , combined’

with a well-educated workforce, make
Ireland a desirable location. Ireland probabl\

. best exemphﬁes 'the. co-location. - of

‘manufacturing and R&D. hawng used:
incentives to attract m_anufacturmg.and now
seeing R&D activities coming in as well.

Chlna -

Locating - in Chma is a key element of-

corporate strategies in'.gaining a toehold"in
the rapidly growing Chinese markets. The

Chinese example demonstrates- strongl\ the - ‘
1mponance of human capital as a drnver of ..
investment.  Although Shanghai is 'the' -

business capital of China. Beijing appears to
- be the location of choice for nearly all of the

firms interviewed because it produces. tens.

of thousands of highly skilled engmeermg
Qraduates each vear. Intellectual propenv
rights issues continue to be a major concern -
in China. Respondents believed that these

_issues would retard the grovnh of forelgn
operauons in that country.* .

Korea .
Korea provides an e\(ample of the scale of
public investment that is being mounted by
up-and-coming  nations. The .Korean
government has . invested vast sums of
money - in: bu1ldmg local" capacity in-
information technology industries. It has
made great strides . in ‘the manufacture of -
information technology . goods and - ‘is
producing many highly trained technology
graduates.. An' economy-wide slump to ‘the
troubles of. some, of Korea's largest firms -
has raised - concerns about the ‘ability of
~centrally - planned  strategies- f__to‘_ vield
indigenous’ innovation complexes. " In - the
world of one industry respondent: “You can
buy technolog\ but vou -can't. buy -
innovation.” \ L '

i
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KEY ISSUES AND RECOMMENDATIONS , : .
Despne its tremendous leadershrp in IT the balance sheet of US. strenmhs and Vulnerabilities 1s creating
concern for the. future.

Balance Sheet

STRENGTHS
Dynarnic'sof.tware and services sector

Entrepreneurial’ ‘venture

culture/unique
market -

Strong consumer demard

World's best research umversmes/global talem
magnet '

Silicon Valley

capital .

LONG-TERM VULNERABILITIES

USITtradedeﬁcn a ST

. Pace oftechnolog}' chu'rn/rapid vleadership shifts

Emergence of new innov ators—create compemor P

products and attract talem/research overseas

Better incéntives for industry offshore (R&E tax

and investment - credits. one-stop regulator§
| shopping) - ‘ :
Co-location  of R&D with -

manufacturing/lower labor cdsts overseas' :

the Umted States

Declines n BAs n

IT disciplines
univ ersmes v

offshore !

‘ Declmes in funding for breaklhrouah research m '

at. US.

What Should We Be Doing? -

o

(9]

* Maintain Access to the Best Workforce:
1. :

K-12 Pipeline:

¢ Increase funding for availabilitv/use of IT in. classrooms at al] levels
e Ensure that téacher education and credentialing include IT training

~ Provide fundmg 10 train teachers on the use and integration of IT in the classroom :
Create a federally-funded. regionally-based partnership program among universities and high schools to

promote IT education and encourage future degree recrprems

Ificreased. Incentives for S&E Degrees:

re]e\ ant 1o their mrssrons
Access to Global Talent Pool:

e Set asrde 3% of agency budgets Io fund’ research fellowships in the scrence and enqmeermg disciplines

e Prov ide forelgn Qraduates from U.S. institutions with a grace perlod to v&ork in the United States



|
e Strengthen Our World Class Umverstty Research System »
I Leadershlp and state-ot-the-art infrastructure; - S S A i
' " Ensure that cutbacks at the Departments of: Defense and EnerQ\ do not result ina de facto real]ocatlo 1 of
resources among research drsc1plmes S o SN e |
Pnorm Investments PR ' tot o ' R S .
e Target federal inv estmenits touards bu1ld1ng block technologres such as software productn 1t\ in \xh'ch
: _issues ofaffordablht\ and approprrabllm deter compan\ m\ estment » _ ) ! N
‘Ensure that Intellectual PrOperty lssues Do Not Compromlse Open Umversnty Research«\
Environments: . R _ : R . B
1. - Universitv-Industry Relatlonshlps S o ) : C o ¥
~ -e Create university-led policy initiatives to: develop gurdelmes on the management rof proprletar_\' ';
o relatlonshlps and exclusmt\ ofmformatlon , IR £ i
Provrde a Regulatory Envrronment ReSponswe to Changmg Market Condrtlons. L R
ComDetmon Policy: S ~ L '
~ Ensure . that' regulatlons dealmg vmh competmon in pamcular the’ 1nterpretat10n “of - potentlc]‘ ‘
‘ .competitor™ ~accurately reﬂect an, understandmg both oftechnology trends and global competmon h
2. “Accounting Rules: - . : : ' I
"o Alter accepted accounting rules and practlces that are not in line \Mlh the pace of chanqe in the IT |
~ “’industry (i.e. acceleratlon of IT write- offs) C . }’ ‘
3. Contract Policy:, - o R |
T e Ensure gow ernment contracts for hardware and software serwces reﬂect IT mdustn standards and trends I
N " e

i ¢
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ADVANCED MATERIALS

Vlctona Haynes
‘William Covne
* Debra van Opstal
. Jav Henis -

Industry Co-Chalrs

Sector Adv:sors :

Materials sciences and engineering enable:
b'progress in  virtually every sector of the
From -
" semiconductors -to long -life. ‘batteries. - hip
" transplants to .lighter weight cars,

economy and every walk -of- life.

optics. to - manufacturmg tools,
provide
innovation..  The

-industry’s crmcal

-importance to the economic competitivéness _
of many sectors cannot be overstated.

For the next 10 vears or more. the United

States is expected to lead 'in many . segmemS‘ e

of the industry. Over the -long .

" however. slower net growth in mvestmem in
the United States and greater manufacturmg :
parity around ‘the world: could- squeeze the
resources available for i 1nvestmem in fl’Ol’lIlCl’»

technologies,

Participants in the sector-study believe that
the - greatest challenge

in the US' '

. Where We Stand

- The strength of the advanced materlals

~industry stems from 50 years.of leadership .
in the chemical mdustrv—one of the few

mdusmal 'sectors © in this' country that

identifving new -materials. ' characterizing
their properties. developing new .uses and

ﬁber_..'
_materials.
the . basic building blocks of-

_ confronting " the.
~ “industry is not the loss of market leadership
" -due 1o external competmon but an inability
_.to reach its potential for innovation because - -
" of shortcomings

innovation -
. environmem. o

80" =

60 —

: con51stemlv runs a trade surplus The Umtedv",. .
States has been the undeniable leader-in -

* Billion US.$

h.
=

© 20 -

N

applications for these materials.-and in some, .. -

creating whole new.

memcs ‘the U. S mdusm looks strong:,

.

industries
based.on their properties. In the 1mportam ,

. Chartt1

The U.s. Chemlcal Industry Malntams a

Healthy Trade Surplus

Source Chemlcal Manufacturers Assoc:auon The L. S
Chemtcal lndusm Performunce in'l 99 and Out/oolc

Chart 2
The United States Is the
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——Imports

. =4=Trade
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I
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e - The trade balance of U.S. chemical firms .
remains in healthy surplus. For some
vears.” the chemical industry = has
accounted for over $1 dollar of every
$10 of- U.S. goods exports' and
accumulated $182 billion in trade
surpluses for the 10-vear period ending
in 1997. The United States is the second
largest single country - exporter of
chemicals (Charts 1 and 2. previous

‘ pa_ge).‘i o

o The balance of - intellectual property
- trade-is also strong. reflecting the high
_intellectual content of products . and
processes developed .in ‘the United
. States.”
from “U.S. parents to their affiliates
reached $3.2 billion-in 1995, generating
a trade surplus._of nearly $1.2 billion.

e US. 1n\enlors hold 46 percent of all
advanced materials patents filed in the
United States, about the same share held
in 1982. Japan comes in second with 31 .
percent. followed by the European
Union with 13 percem of U.S. filed
patents (Chart 3)." »

o The. United Slates' accounts for 28

. .percent of all international; _scholarly
.. articles in chemistry (Chart 4).° '

Why Innovation Matters

In concert with strong U.S. performance. the -

industry is globalizing rapidly (Chart 5. next
page). New market opportunities overseas
and .a maturing technological base are
- dramatically changing = the focus -

"Lenz. Dr. Alien J. and Dr. John Lafrance. \leeting the Challenge:
LS Indusiry Fuces the 21" Centurv—The Chemical Industry. U S,
Dcpanmem of Commerce. ()tﬁcc of Technology” Policy. Januar\
1996 P.30.

* Chemical \1anutacxurcr> Association. The LS (‘hem:cal
/nduslr\ Performance in 199~ and Outlook. . _,

" American Chemical Society. Chiemtech. “The U:S. (ompemne
-\d\ antage in Intellectual Propenty Trade.” September 1997,

* Albent. Michael B.. Ph.D. Techriological Compentiveness
Analvsis for Eive Technologies in 15 Couniries. CHI Research.
Inc. Haddon Heights NJ. 29 October 1997 Table 1. p. 30
‘~Facts & Figures.” Chemical & Engineering News. September

© 1997 hnp  pubs.acs.org hotanel cenear 970901 master.html.
e ' .

10

Exports of intellectual property. -

and. .

Chart3
U.S. Inventors Hold the Largest Share
‘of Advanced Materials Patents
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Source: CHI Research, Inc.
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- structure of the mdustn-—mth profound"
v 1mpllcatlons for 1ts future mvestments in

1nnovat10n

Particip'ants in"thel sector study described

three. trends impacting the capacity' for-
. innovation - in ‘the industry: " the global

* diffusion of R&D; fewer dollars and more
‘focused R&D; and a shrft toward higher
: value products.

" Global Diffusion of R&D

‘Both the volume chemical companies and- L
: spec1alty chemical companies are increasing -
- R&D efforts where they manufacture—and - -

. the margmal dollar of investment in plant
- and equipment is going overseas—now and

o _for the foreseeable future

st

European chemtcal producers were in the

forefront. of - the R&D globaltzatton'

Chart 5

The Fastest Growmg Demand Will Be Overseas--
‘ »and Investment Follows New Markets

5238

South & East Asia,
including Ocaania

" Market Value in
1983 prices:

North Ammu

Ceontral.&: Enum
g Europo

Wunm Europe

Rest of the World

1994 . ... 2000 2010

. ,_Sou(‘c\e:‘CE‘FlC. http://w?ww.‘ceﬁc.be/eco/ecobuVEb95l 1b.htm.

- movement, with the United States as-a net’. -
.beneﬁcrarv (Chart 6). The’ Department of :

Commerce estimated foreign investment
o represented more than 45 percent of the'total *
" industry mvestment m .chemicals in 1993 - .

. EuropeWas in the Forefront of Shifting R&D .

Chart 7, next page)

'

" But US. chemical compan'ies_;are' moving
~ R&D operations overseas as well. increasing *
their overseds .investments from - $444 -
.million in 1985 to $1.6 billion in 1995

(Chart. 8, next "page).” While' these
- investments are concentrated for the most

part in ‘technical service and local, .

- customization, they involve discovery.

,'research as well in more technologlcally-

sophrstlcated environments.

.° Dalton. Donald H. and Manuel G. Serapio. Jr. Globalizing .
Industrial Research and Deveiopment. U.S. Department of

" Commerce. Office of Technology Policy. Asia- Pacnﬁc Technology

Program. October 1995, Table 2. p. 15

Survey of Industrial Research and Detelopmem I995 Nanonal i

Science Foundatior/SRS. Table . p.'34.

' Charté

- Investments in the 1980s and 1990s

6.1

Billons ECU
o

-31.7

Eu-12 O Outward 8 inward f . U'S'A'

" Source: CEFIC.




The U.S. Chemical Industry Is o A I
Globalizing Rapidly - - with .~ o R %
Profound Implications - for . A ' o |
Investment in Innovation. '
. ; ; ‘
Chart 7 Chartg =~ A
 Foreign-Affiliated Companies Accounted for $2.3 Billion- - e ’ o
-Almost Half--of All Chemical Industry R&D in the USA. B UtU '.i;,gsc:?dpﬂ:?: bsypggge:\;grce:g:;;?:: Than 'is
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T L cﬁan1o
Another driver of R&D globallzanon '
'bevond co-location w1th manufacturing.
. the need to- service. new markets and Company R&D Spendlng in Chemlcals in the Umted
~ customers better. More and more of their S States Has Stagnated in the 19905
customers - are shiﬁing‘ résponsibility ~for C e R o
R&D down :to. their .suppliers.  Matérials 12 ’ ‘ -
' companies, like other suppliers,’ -are often- Drugs amd Medicine -

* required ‘to- help their customers . do - " I T /
- applications research. A decade ago the. & sl : I AU

manufacturmg mlght have gone -overseas . s - ’ . . ) / o
R — R / Industrial Chemicals

while- the R&D remained in the United -
Other Chemicals

F. 00

States. Today. the ability to offer full-service -
operations ‘near major customers—both -
foreign compames and foreign affiliates of -
~U.S. companies—is increasingly part of the - _
. "competmon for new business. 5 o

auuon'- CurrertUS$
o

1981 1982 1983 19@4]985“197!6' 1987. 1988 1989 1990 1991 1992 1993 1994 1995

Arora and Gambardella also note. that the . : .
‘rise of specialized engineering’ firms has .- . T T .
_contributed to globalization by dlfﬁlsmg . Source Nauonal Science Foundation. Research ana'
chemical process technology internationally. . Deve/opmnem in Industry: 1993 and 1995 (early release lables)
~ By supplying technology and know- how for - - o
a wide variety of chemical processes the

- specialized: - engineering . “firns " have
 facilitated “the entry of more and more’
sophrstrcated competltors mto the global

chemrcal market.® Chart 1

all B - ' . And the Chemrcal Industry Has thfted its
Fewer . Dollars ‘and - More*... " .. 'R&D Focus Away from New Chemistry
Focused R&D . Eh T | . A

Intensifving .- global - competition - in "~ so%.

commodity chemicals, .driven both by the ‘ . T P - so%

growth of worldwide. "operations~. of . as% | e —

established manufacturers and the rise’ of . |-

national- ‘chemical industries around the =~ ‘0% d —_ -

world, has changed the amount and direction A Sl oL s
" of R&D 'investments. Lower profit margins.  15% }— el A1% sl - ew— -
* have meant less money for R&D overall— . . |, , S% i d N ._

and most of the volume producers have seen . 0% 4— BRI : —L :
thir R&D budgets sagnate n the nineties  (JiTICL e e e ey

(Chart ]0) ' , [C1981 m1991| -
Compan) research dollars are more clearlv L o
‘focused on- the ‘bottom line. vaenry' years' - - -

“ . (SR

Source Welner SC ‘MG, Woodruff andA K .lohnson Deve/opm 4

8 Arora. Ashish and Alfonso Gambardella. “The Chemical - Lo ‘ a Cherical Industry Slraleg} State-of-the Industry Profile. Prepared
Industn—Fist:Version: 10 November 1997." Papers Presentedar . . | for the U.S, Department of Energy by the Pacrﬁc Northwest

. a Conference on 4merica s Industrial Resurgence: Sources and - . Laboralory October ]994 P.42.
Prospects.-Board on Science. Technology. and Economic Policy.” R

r\auonal Research Council. \hashmzlon DC December 1997 P
18 ,
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" Chart 12 < )

ago. the R&D - departments of major ° Japan s R&D Investment in Chemicals Outpaces: y
~ chemical companies devoted a significant . - both the United States and the EU R
- portion of their activities to  basic .or S o :
curiosity-driven research’ in chemnstry and - s . i - 3 : T
related fields. Today, the returns from
manipulating molecules are too uncertain to
support what one company representative
described as *innovation by wandering -
around.” ' "

R&D as % of Sales

As a result, enormous shifts are occurring in
the allocation of the R&D investment.
Leaner R&D organizations- still carry out , . v
research, often focused on incremental ) . 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 uqset
product or process improvement, -but - I S . R
funding for new chemistry as a whole has - = »_ B .

sharply declined. Some companies continue
to invest in bréakthrough technology, but a
substantial portion of - that research is

dedicated to improving their. position in

existing markets (Chart 11, previous-page).

}

- |
Source: CEFIC. = o | I
' ' |

By contrast, the research .funding of
Japanese companies has been rising
steadily—from less than 4 percent of sales - R

in 1985 to well over 5 percent in 1995. ~ In the EU, Chemical Companies Are Shifting -

Today, its industry is .more research | o R&D into Higher Value Segrrie'n'ts-»'---
intensive -than either the Europe or the s S o
United States (Chart 12).> - . . N 6(-;—5.&'& —

¢
'

~ 1
Chart 13- 0 L
| \

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 . 2 2%
U.S. manufacturing companies—but less = &
than 2 percent of the U.S. chemical

industry’s research is funded. by the : - . *° . ~
government.'” Hence, declines in industry = o s / & &
R&D- funding take on' greater significance _ ,@’°. , & &
for the future of innovation in the industry. <o T e L R S

|

i

1

|

o 32% - 3%, 30% H
|

RT&D as % of Sales ~

* Arora. Ashish and Aifonso Gambardella. “The Chemical ..
_Industrv—First Version: 10 November 1997." Papers Presented at Source: CEFIC.
‘a Conference on America’s Industrial Resurgence: Sources and ) ‘ , . . I
Prospects. Board on Science. Technology. and Economic Policy. : ) S CoL - R . o
National Research- Council. “ashmvwn D.C. December 1997 P. . ] i ’ )

" Lenz. Dr. Allen J. and Dr. John Lafrance. Meering the
Challenge US. Indusin Faces the 21" Century: The Chemical
Industv. U.S. Department of Commerce. Office of Technology
Policy. Washington. D.C. p. 21. Januany 1996.
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= Shift
'Products

' the Umted States wrthm compames and in,

toward ngher Value

‘

In both the Umted States and the EU, ﬁrms o -

are ‘'moving- into higher margin, more .
specrahzed segments  of . the industry:

advanced materials, agncultural products,.
electronic materials, biotechnologies and - .
.pharmaceuticals (Chart 13, previous page).. -
For these areas,"R&D-~focused on research -
‘breakthroughs, - "not’ 7
improvements in product or process—plays,
o a huge role in positioning - materials -
 companies for global leadership. Innovation:
" flows from the multidisciplinary interface of
- biology -

sciences—chemistry,  physics,
information: and engineering=—and the

_ integration .of materials “technologies in. ‘"
_ electronics, computmg, optics, aeronautics,

and automotrves

Ly

The industryv itself is restructuring into new

_‘technologies and markets beyond the- scope

of - traditional chemistry and chemical
engineering.

than an enabling step that
apphcatlons in other industries.

allo'ws

The. United States'enjoys a“comparative

‘advantage in attracting investment in these

frontier areas because..of its more complex
university research’ mfrastructure—one that
,overseas competitors canriot easily replicate. .
Although there are centers .of excellence in-

_ materials ‘science in. Europe and Japan and
.. emergmg in China, Israel and Russia, no

country matches the United States in the
sheer depth and breadth of expemse

There are. no srgns that breakthrough
research ‘will be .

interfaces between- scientific disciplines and
technology platforms proximity . matters.
U.S. firms may trawl globally for new ideas

- and talent, but their mvestments in frontrer

research ‘and discovery remam clustered in

- Indeed, the production . of -
chemicals has become less an end in itself

©incremental - - -

Porcb,nt Annual Change

_ globally drspersed‘,,' |
’ Precrselv because mnoxatron occurs at the

10%

. &% 4

0%

Frontier R&D Will Play a

"

Huge Role as

Companies Restructure -
towards Higher Value,

Lower Volume

"'Products...

“Chart 14

‘But the Federal Investment in Physical-iS'Cieri(:es
- .and Engineering Lags Other Disciplines -

8%

6%

2% -

9%

45%

Man & C

Sciences . .

4. ' ’ ’ :
’ 8% B U 44% '
' g . 3.8% -
) : s ) 21% . .
.. . . |
- ' " ' t .
] " Brwi hng

. Scmnces

Source Amerrcan Chemlcal Socrety Chemrcal & Engmeermg

News. September 1, 1997.
http://pubs:acs: org/hotartcl/cenear/970901/lrfesc1ence html.




partnerships with research “universities and
government laboratories.

The problem is that the dollars avarlable 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'' Large companies face a number,
of constraints in fundmg breakthrough
research. The time required to realize a
financial return is long and risk-filled. There
are few assurances that the company will
fully capture the returns on its mvestmem

. Sustained innovation in these areas will
- require - new -types of R&D aind funding
arrangements. The - ability - - leverage
resources through partnerships, to encourage
vertical linkages among small and big firms

and ‘between materials companies and their -

suppllers and to fund mulndxscrplmary
programs ‘that integrate materials research

with process engineering will all be critical
support components for innovation ‘in the

high-end chemicals industry.

Emergmg Vulnerabllltles inthe =

Innovation Infrastructure

- The historical leadership of U.S. compames_

did not happen by accident. Sector study
participants identified four elements of
national infrastructure that contributed to the
strong position of U.S. firms: the quality 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 loek 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).

! National Science Foundation. Report of NSF Panel on Areas of
Oppormminy. Division of \Iulerlals Research. January 12, 1995

8

Emerglng Vulnerabrlltres in the
- U S. Innovatlon Envrronment

TALENT POOL '

Failing K-12

Declining numbersof |, |
graduates

Restrictive immigration
policies

ROBUST UNIVERSITY
RESEARCH BASE

‘ Static funding

- Need for multidisciplinary
studies.

Allocation of federa] -
-Investments

SUSTAINED INDUSTR
INVESTMENT

(B

Declining R&D funding

- Gaps in tax incentives

Lack of venture
capital interest

i

IDEAS TO MARKET

Lack of support for
. process R&D

 f Loss of Department of
- -Defense technology pull
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©vears

" Talent Pool

Respondénts to the’ sector sunevs agreed o

that human . talent was their' chief priority
-and major concern. As one company noted,
investment will flow ‘wherever it finds the

best - people. Historically, . both the

-investment-and the people have come to the
'Umted States—one.

mdlcatnon of the
strength of the university system and the
leadership - in - cutting-edge -research.

. Increasingly, however, participants perceive
- that . the “talent pool " that ‘supports the
: chemlcal mdustn in the United States is at a

h ~crossroads e : :

Fallmg K-12 systems Most are troubled

by a. ﬂawed K-12. system pamcularly in:

math and sc1ence that forecloses a scientific

‘or engineering career for U.S. citizens at the -

620

600 |
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. 560
540 L
520 -

- 500
480 o
460 1

- USs Eighth:Graders Fall Benine Mary.
* Others in Science Achievément,

| |571 e
M —- 552 L 4r

PREE S VSRS S )
& o N LR >
>’Q’ ¢ @(‘s’- o‘v"@ \<°\°' '\)9 " s‘e’ SN o

A . b

Source lEA Third International Malhemaucs and Scte‘%ce Studt

earliest stages of the e‘dUcétiohall process. - o

The recent. TIMSS study - ‘comparing -the
. academic ‘achievements of 7‘h 8" and 12" .
v grade ‘'students in ‘science. and mathematics -
across the ‘world ranked the’ performance of

U.S. students - behind "Singapore,
South: Korea,

‘Japan,

Avallablllty of | scientists -

1995 and remained almost flat over the 10
‘period - between
number of . graduate

percent. .respectively - ‘between

metallul_'glcal and matena‘ls

" " Chemical & Engmeermg News. Amcncan Chcmlcal Socwr\ 1.
,September 1997, .

hnp i/pubs.acs. or,/holancl/ccnea:/97090l/zraduate hxml
lbld . T

England, - Australia and -
- Ireland—a clear warning sxgnal (Chart 16)

and "’
. engineers: The graduate student - science
'populauon has been static or declmmg for -
the past 10 years (Chart 17) In the physical
* “sciences, the numbers, .of graduate students -
dropped by 2.6 percent between 1994 and -

1985:1995.2 In.

metallurgy * and ‘materials -and ' chemical

. ‘engineering, the

"‘»'students -dropped by 5.8 percent-and 2.6 .

‘1994 .and

1995 While ‘the number of students“

.. enrolled 'in chemlcal engineering programs .
“had essentially no growth over the decade to
1995, the number of graduate students in

engmeenng“ ' :

s oah http //pubs acs. orz/hotartcl/cenear/97090l/zraduate html

2

20 |

Thousands

10

15

1985

( TIMSS) ]994- 1 995

€

Chan 17

The Numbers of U.S. Graduate Students
in-the- Physical Sciences Are
Static or Declining

"Cherhistry ‘

Phystcs :

e ~ . o, S oy

S ’ ' -.Chemical Engineering" |.
— e ————
Metallurgy & Materlals Engmeerlng

T .
T T T T T T T T T

,1987' 1989" ‘;1991 \:1'9_93 <1995

" Source: Amencan Chemlcal Socnetv Chem:cal & Engmeermg ’Veus
September 1,1997,




posted a slxght 2.8 percent rate of gromh
over the decade."

‘Robust"
Base
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 institutions are a vital link: in the
continued leadership of the United Statés
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)

University Research

- Sector participants had concerns about: 1)’
he 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
barners to university-industry. partnerships

which impede quick diffusion of research
results.

N

Declining Funding Base: The end of the
Cold War has hit the. funding base for
chemistry ‘and ' chemical engineering
d1spropomonatelv 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:
physics, chemistry, mathematics, and
engineering into the life sciences (Chart 19)

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 d1sc1plmes——by a consnderable
- margin (see Chan 14). "

' Chemical & Erlgmeermg News. American Chemical Society. 1
September 1997,

http://pubs. acs. 0r°’h0larlc|/cencar/97090! ’2raduale htmi.
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U.S. Industry Relies on Basic Science

More than Competltors--but
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Source: Albert, Michael B., Ph.D. Technological Competitiveness
Analysis for Five Technologies in 15 Countries. CHI Research. Inc
. Haddon Helghts NJ 29 October 1997 Fxgure 1, P 29.

Chart 19

R&D Fundmg in Materlals Related
Fields is Inadequate
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" immediately.

S

" m,vestrgators

MUItidfscipIina'ry Programs of Study:

Industry respondents stressed the need for
~ graduates. who could communicate, across -
dlscrplmes—mdrvrduals who had breadth as
well as depth. They noted that university
training " has become ‘narrowly . speclahzed
and " stove-piped. Ph.D. .

ago and tend to immerse themselves deeply
into a partrcular area of research almost
.~ Many departments have
minimal course distribution requrrements
and offer no ~minor ° fields
requrrements ‘ '

Umversrtles have unwmmgly exacerbated
the problem by failing to foster lmkages
among different departments  and
drsclplmes Industry has also exacerbated.
the problem by failing to create sufficient .
‘numbers of internships -and co-operative -
programs that would < <pose students to.the"
teammg and cross-drscrplmary efforts that
characterize industrial labs

v
o

_the issue. The National Science Foundatront
has recently- launched the IGERT Program
(Integrative -Graduate " Education and:
Research  Training) to - enable .the’
development of multidisciplinary programs. .
Projects support by IGERT-are based on a~
multidisciplinary - research theme and
organized around a 'diverse -group .-of
‘A number of university-
respondents have' also indicated that their;
institutions are séeding cross-disciplinary
. programs at the undergraduate as well as the
graduate level. The sector interviews did not
highlight-any similar programs in industry,.
but companies could also re-orient their
university funding programs "along these
lines to reinforce ‘the. incentives” for
multidisciplinary work: o

' van Opstal. Debra. Global .I‘nnom.uo‘n National C ompeunvenes.r.
Center for Strategic &* lntemauonal Stud1e> \\ashmzton D.C.
1996 P21 .

candidates take
fewer courses ‘than they d1d 15 or 20 years -

of study .

Y

There are srgns of serious efforts to address

“New Techhologjc‘ai Priorities
Drive the Industry ..~

(. s S S ‘ . - New Catalysts- ’
Chemical Synthosls . -, ' - | ;" =

L R N D5 7 Multifunctional Matenals’

) ,Pmdicn'ondMatenals Propemes ’
L, - P : . ' SyntheslsTechnotogy

Additive Technotogy '’ ’

. Materials Technology . !
T ; Precise Manipulan‘on of Moiecu_les

Enhanced Performance

| : BN - New Design Principies, Tools. Systems
Process Engineering c * And Infrastructures  *

- ~ Manufacturing Flexibility - ’

Source: Based on Technolog) Vision 7020—The U S Ko hemrcal Indusirv

American Chemical Society; American Institute of Chemical Engmeers.

‘Chemical Manufacturers Association: council for Chemical Research
-Synthetlc Orgamc Chemrcal Manufacrurers Assocranon 1996

A




Barriers  to University-Industry - S l
Collaboration: .  University-industry o . L .
partnerships are critical to sustaining the ' '
capacity for innovation in the United States. _ " I T
‘Because companies have narrowed their L o oo ‘,
rescarch focus to “enterprise-enabling” S SN
‘research and shorter-term product research, - - ' I . 3
they rely more than ever on universitiesto . = - -’ ‘ ' D B
generate the science to fuel breakthrough Co S Lo l
research and discovery ' ' L

Even as the need. to- leverage research has I o ’ A
grown, industry survey participants conténd’ o Co L S l
that the process of technology transfer has IR - _— . :
become legalistic .and burdensome. One ~ ‘ 4
:company’s preference was not to- partner : : - - _ o .
with “first-tier” research universities that, in . S . o o ' ) "
its view, were inflexible. Pricing is an'issue .. N S l :
‘as well. Industry representatives believe that B o ' . ;
universities overestimate the value. of . BT SRR N
intellectual property and underestimate the o . j
additional investment required to- turn a . T SN
research. discovery into a product. There . : b . G l
appears to' be a widening cultural gap’ v S e S
between umversmes and companies over : ' '

thelle_ctual property that needs .to be
addressed

[

- Sustained Industry Investment R
As' the industry “moves into new areas of o oo - ST ‘ 3

research and technology, the need for risk
capital is likely to grow beyond its R , : I o .
availability. There are both market and =~ - .~ =~ = ¢ oLt l
policy constraints on risk capital availabilit’y. o
Venture capital interest in- this. area is = - - o T e l
‘limited, a particular problem for. the small
start-ups and fast moving entrepreneurial
companies which dévote most of their "
efforts to breakthrough products and o IR I -
technologies. Of the estimated $8 billion : R o o
that was available in the privaté venture l
capital market in 1977, less than 2 percent
went to materials start-ups. Disincentives for
VC investment are structural. The long cycle
times and relatively high failure rates, the
lack of assurance about the protectability of
the technology and the inability to set a
market price  (given that materials

\
: , )
12 - . - . v%
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companies are- part of a value-chain) pose .
- fundamental barriers to' increased . VC
.interest. - S S

At the same time, sustained fe‘der'al' 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 of all SBIR grants in

1993 (Chart 20).'® According-to a Harvard .

. Business School study, high- -tech stanups~"
bolstered by ~federal R&D .grow 40- =75
‘percent -faster than  those . without e

government support.'’

Federél tax incentives for R&D also fall:”

short of stlmulatmg more  risk capltal

ravallabllltv “Although chemlcal 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. intended :to . encourage -

companies .to invest more in R&D'in the

United "States. but it requires an annual --
increase in expenses over a . base rate—°

regardless of the level of the base. .

Short of restructuring the credlt federal .
policy could incent high-risk mvestments in

innovation m 2 ways:

i

supports partnerships as an important policy

‘goal. the tax code ironically disadvantages
companies which participate in collaborative

research efforts by lowering their eligibility

for tax credits. According to a recent study
by = Arthur +Anderson, the tax credit =~
: compames receive from contributions - to

** National Science Board. Science & Engineering Indicators— -

" 1996. Washington. D.C. 1996. Figure 4-10.
" o R .

' Life.-Sciences

Tax Incentives - for  Research

Consortia: Materials research is a natural. -
_ area for partnership, given that the costs and
risks are high, and the appropriability of the -
investment is uncertain. Although the nation -

Chart 20°

Small Business Innovation Awards, by |
Technology Areas: 1983 1993

Mecr\amcal
performance of

" - vehicles. ..
- Environment & 7% °

' 1_7%

Source: National Sciencé Foundation

Indicators—1996. Figure 4-10.
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R&D consortia may actually be lower than
if the company had performed the R&D in
house. The study concludes that a flat R&D
- tax -credit for member contnbutlons to an

-R&E consortia would increase national -

incentives for pannershlp and collaboratlve
research.'®

Tax credits for R&D .acquired” a's.'
equity investment: Some of the most .
promising breakthrough research is being -

performed in small companies. The trend in
the industry is .to support this - work—
sometimes through ‘direct = funding -of
external R&D,. which is' a; qualified

expendlture -under ‘the ‘terms of the credit. ‘
Increasingly, however, compames ‘are

offsetting the level of risk and cost of the
R&D expenditure by - taking an equlty
investment in the small company-or start-up.

Although these R&D investments are often

~aimed at developing very innovative and
high-risk technologies, they do not qualify .

as R&D expenditures for the purposes of the .

tax credit.

Ideas to Market :

* The -ability to discover new matenals is no’’
.guarantee of leadership uniess they can be

~ affordably commercialized. This tends to be
a chicken and egg problem for materials
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 matenial is developed.

a
1

This inherent contradiction is creating a drag

on investment.in and development of new. -

. materials. Sector participants identified three
principal needs.

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




be instrumental. in" -catalyzing vertical
integration. . The net effect of ‘such
partnerships is to lower the risk for the

- materials suppliers and speed apphcatrons to-

market by therr customers. For ‘one

- company, an ATP “grant served.'as an'-
‘external review mechanism that validated its

ongoing research into high temperature
superconductivity—a program that was

-about to be cut based on its:lack of return. -
' Matenals companies’ positive view ‘towards’

" the ATP program have. less to do with
", funding levels than its ability to create the

right” environment. for investment in-
_innovation. ' '

- More Interface Between Science and
- “Engineering. In materials,- the  lines
-between basic research, development

apphcatron ‘and. engineering - increasingly

~ overlap, but the science and engineering -

departments often do not. Concurrency and

. teaming among scientists and -engineers is_ |
- critical solving” " complex problems = -
effectwely, but chemistry and- chemlcal L
‘engineering remain worlds apart. on

university’ ‘campuses. .This not o_n_ly
diminishes the research effort and slows the

diffusion of ideas into_the market but fails to- , - :
_prepare students for the challenges Ihey wrll .'
face in industry research departments

More Emphasis on Pr‘ocess '

Research: The seminal report of the

National Academy of Sciences on materials.

science and engineering concluded that: -

Synthesis and processing together form a-
critically important element of materials

science and engineering that has too often
been neglected by. universities, industries

" and government. Bécause of weaknesses in'®
- . materials synthesis, there i 1 growmg concem e

that the _Umted States is losing |
dominance in basic materials research
The essential drfﬁcult\ seems to be Ihat

with increasing frequenc,\. industries abroad .-

goxemmem pamcularl\ through programs o
like the Advanced Technology Program. can. -




are brmgmg 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
' 100, 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 Umted .

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

engmeermg have exposed weaknesses in the
U.S. system-(Chart 21). Although matenals

engineering is. often treated as the .poor

stepchild of discovery research, the technical

problems associated’ 'with  advanced

.".processes and" the development of new-
catalysts - are _no “less  scientifically
challenging.- ’ S o

The NSF 'is attempting to address this issue
- with the creation in 1996 of 13" more
materials engineering research centers,
bnngmg the total number to 24, Indeed,
increases in' NSF funding single-handedly
improved the funding outlock 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.

Millions Current US.§

Chart 21
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What Should We Be Domg

- Benchmark the Industry The lack of data on'~'_
the advanced materials sector—research -funding -

and performance,  enrollments. - .international

comparisons—is handicapping the industry’s ability .

to assure national support. The companies and their

associations should take the lead in aggregating - -

" * information on a sector whose 1mportance 1o the
economy can only increase. -

- Assure Government Support for Frontrer ,
Science and Engmeermg 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 enginéering 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 sophlstrcated a.nd expensrve

Stimulate Concurrency

. levels. But. the separation between the science and

engineering departments further. undercuts the‘-~~
ability to deploy new materials kno_w_ledge quickly-

"and economically.

~ Strengthen Tax Incentives for Collaborati\}e:‘" '

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 mﬂuence their up-front:
decisions on how much to invest in R&D. Barring -

_a restructure of the credit, they ‘offered two ways

that reform of “the tax credit could stimulate -
additional R&D investment in-support of national
goals. Collaborative research efforts would be™
encouraged if the credit for consortia was a. least as’

large overall to the credit received for in- house

research. . Im estment in ‘smhall compan\ mn0\ ative”

‘and’ Teamlng ‘
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 milliohs
for the entire nation, is already far from optirnum

- aré on the table; the time to act is now.:

research could be stimulated if coverage of.the
credrt were e\tended o R&D taken .as equm
mvestments '

~Sustain Support for SBIR: The Small Busmess

Innovative Research program is a significant dnver
of- materials- related innovation in this country. But,

its funding—tied to agency. research budgets—has
become inconsistent and uncertain. The program is_

: cntrcally important; partrcularlv for materials start-
ups a.nd needs a sustamed source of support

Increase the Avallabllrty of Industry

'.lnternshlps and Peer Interactions: Industry.
* has a responsibility to help familiarize students with -

industry research. methods and organizations.
Companies need to plav a more pro-active role in

“supporting® university .internship’ -and  co-op

programs’ that provide ‘students and - faculty.. with
direct exposure to research needs and opportumtres :

.~ in the private sector

Catalyze Industry Partnerships:. Government-
supported partnerships; like the ATP, play a critical

_role in materials mnowatron bevond the money that
the government cost shares with the private sector.
‘For some companies,. the partnerships stimulated

vertical - linkages - -with  manufacturers ~ for
applrcatrons research—leveragmg both cost and

" nisk. , For others companies, the peer—revrewedt

proposals validated the quality of i in-house research
in longer-term project areas, like high-temperature
superconductivity. The programs have far “'more

reaching, yet: often subtle, -impacts than their
t_ relatlvely small levels of fundmg would 1mply

“Act Now to Revwe K 12 Educatlon A wrde
‘range of solutions to America’s failing K-12 system: "
have been proposed—from settmg hlgher standards - -

for students and teachers, to encouraging stronger *
leadership by school administrators; to mtroducmg o
competition in school systems. The viable solutions
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‘Co-Chair and Sector Advisor Biographies

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 pharmaceutical chemistry. from the Unrversrty of Toronto and earned hrs Ph.D.in
organic_chemistry form the Unrversrty of Vrrgrnra : :

~ Dr. Vlctorla F. Haynes is vice president of R&D and chreftechnrcal ofﬁcer of The BFGoodrlch
- Company. Responsible for the direct management’ of central R&D resources, she advises the companv on the
management of technical resources. Prior to Jomrng ‘BFGoodrich, Dr. Haynes spent 15 years with Monsanto.

Before that. she was a post-doctoral associate at Purdue University after receiving her Ph.D. in physical organic
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specializing in technology development coverrng a wrde range of matenals and separanon scrence technology
. ev aluanon and business development) ' : :
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" Going Global:
Automotlve lndustry

' lndusm Co- Chalrs Kenneth Baker
- John McTague
Sector.Adwsor: Ron Pandolﬁ

'Why Innovation Matters
‘The automotive. industry is in the
midst . of . a major technological

- transformation that promises to alter’

substantially 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 materials—and it is

- occurring. at a more rapid rate than

envisioned even a few years ago
' (Figure 1)

‘Newly engineered materials will -

provide lighter vehicle  structures

- with improved corrosion resistance.

New electric motor designs, batteries
. and * power - semiconductors are

‘enabling electric vehicles: Jumping -
up a step in complexity, these same -

technologies will ‘support ~hybrid
" vehicle concepts that' cduple electric

propulsmn with -a_ heat engme for ..
‘longer dlstances ‘Over the honzon~"

but .gaining . ‘speed. are _fuel cell

" devices able to transform fuel and air.

directly into _electricity without the
efficiency limitations imposed . by

heat- engme cycles. The revolution in

mlcroelectromcs ~and information

technology will enable drivers to .

avail - -themselves  of  new
communications  systems: and
Services including *  navigation,
emertamment ~and vehicle

dlagnostlcs Further out is the option . -
to remove the driver from the loop - ™

“entirely via automated highway
systems. - ' “

* Source: Rocky Mountain Institute.

The automotive
industry is in the midst
- of major technological
transformations...

Figure 1

Leadershlp in
advanced automotlve
technologies will -
~ determine whose
companies dominate
the car markets of
the 21 century.
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The pace and Ilme of innovation in’ -
Global .

this  industry is” critical.
competition in the automotive
industry will be based on developing
cars. suited “.to less tradmonal
markets. where the transponanon

1nfrastructures are oﬁen not wellA ,
developed per caplta income is - i ..
‘and- the price. of “fuel is - ...
technologies and -
altematlve designs ‘are necessary )

lower,

higher. New
51mply to make driving possible for

" millions of people
economies.  But.
advanced automotive technologies:

-will determine which car companies

dominate the ‘global markets of the
S210 century

Cy

Globallzatlon of - .fthe'"“i

Automotlve Industry L
3 The end of the Cold War catalyzed

new forces that have fundamentally :

changed - the ' balance - between
"national -and -global drivers for the
industry. From its earliest - days,
nations have looked - to  ‘the
automotlve industry as a mamstay of
. employment and a showcase -for
national ‘capabilities
nurtured their .auto " manufacturers,
and ‘native corporation rallied behind -
‘their national flags. ‘A nation’ s
welfare ‘was integrally conn'ectedv
with  the - welfare of
i automouve manufacturers

TOday. |
~ - have blurred the-traditional national
identities in the automotive;industry.
The tradmonal large- -scale - vertical
- integration within a single ¢ountry is ‘
giving way to a more flexible
horizontal - diffusion ‘of operations’
that. span geographlc and national
" borders. . Two forces .are shapmg
~ globalization in the industry: the

in - emerglng:
leadership in

-Nations -

. major -

acquisitio‘ns and: mergers

And the fastest growmg
markets are overseas

e

. R

Chart 2

WorId Vehlcle Productlon Is, Gomg Global
o " o (World vehicle product:on 1960-2015)
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" automotive .

“growth of demand offshore and the

emergence of new  national

competitors.

‘Growth in Global Demand: For

the first 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
growth in demand will be in the
emerging economies of Asia, Eastern

_Europe/Russia and Latin  America

(Chart 1, previous page). U.S.
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 ‘investments 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, Japan, the UK,
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

research is an mcreasmg part of the .

research mix overseas (Chart 5).,

Growth of New C‘ompetitbrs

and . Capacity: Many nations are.
making serious efforts to build up .
domestic automotive capability, far~- :

bevond estimated local demand, “or
attract _ foreign automotive

(V%)

RE&D Expenditures in Bilions US §

Total R&D Expenditures in Billlons U.S.$

R&D is going global.

Chart 3

Although Most R&D Investments by u. S Companies
. Arein the Unnted States and Germany
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And More Fundamental and New Product

Research Is Going Overseas
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ATV Global overca aci is
© investmenis—and - with® good L ‘ p ty

economic reasons. The industry is a° - - mtenSIfylng COmpetIthn‘; l“:"
. major driver off* economic growth. -

LT L g Charts R
“¢mploying millions of people often.~ - .. R ’ R P
ot higher than average wage: rates. It ' . S Global Excess Capacuty :
" IS an' enormous: wellspnng of .o Reglonal Distribution: ; Average 1997 2002 R
- technology, brmgmg up, the overall - B T S, Amerca m-;uef-'_ D E ' '
national level of component and - L. % 0 , o *
~ manufacturing technology - Havmg a e o . 2 '
robust automotive industry remains = N 6
one of the key indicators of first- o

‘Alia~Puclﬁc~ p "
. nation status. Few large nauons have-

42% 3’ .
T S
~been able to sustain ‘a robust C s e 1S
economy ,vnthout one. . IR 3 ? 1
" The. net effect on the elobal mdusm o ‘
~ however, is substantial overcapacity, - _ Y !}
Wthh has created a ‘high-stakes . ' S webrepe v '
competition ‘for market share (Chart e T o g
6) GIObahzatlon of capacny forces L '.‘f'.SOurce:,Coopérs and Lybrand./‘Iulvo.Fac'/s. E T ]i
companies to compete . for. business~ - T LT o X
in" each aspect. of the automotlve A N : - = 1
-industry, independent of the natlonal R T ‘ :3_ , ‘}
flag of the corporation. This. is " i
particularly  true  for [ supplier U S automotlve companles are amonp
companies, but also mcreasmgly tue .. ¢ the h|ghest R&D mvestors | |
for auto manufacturers R R I
Where We Stand L . o cnanr. e b
The US. auto .industry views - Top 10U S: Indust IR&DS 4 1995 )1
’ . < ndustria penders in |
: ,'technol.o.g) ;.“as,. the key to glol?al (oilions of dolirs) b
competitive success. The companies =~~~ - . o R -
are ~among- the highest R&D - . . _lGeneraI Mo‘torfs $_8.'388
N investors in any U.S. industry (Chart " ®WFord . $6.509 L
... 7). For the" United States, advanced .. mIBM ' Co§5227 0 b
BRI technolol%\ kand 1r;novz;twe ;esearlch | S o IAT&T  $3.718 | o o
remain the ke, anc perhaps the only L 1lLucent Technolognes 1 $2697. - 1}
- means-of growing its global share of T C ]
" the automomemdustry - T .lHewIett-Packard : $2.'302 : I
A , ‘ S Ny - -EMotorola %2197 o
_,.VOur " 'margm of . technological -+~ - . BJohnson &Johnson - $1634 " |
leadership is bolstered not only by . . ¢ S WPfizer .ot 91442 r
‘the R&D ' that . US." companies. . ,lChrysIer Coe. 81400 5. . ) 1 s
‘ perform in the Umted States, but also . St S ;
by 'signiﬁcan; ‘R&D investments in S Source:_-Fprd Mmor Cqmpany. ‘i
the *U:S. by, all .major global L B o

compemors “As the mdustry goes
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global. the .ability: to attract’ high
'value research activities and- high
tech plants into the United States will

be critical. regardless of the flag of}

the corporatlon

But, U.S. leadership -in automotive

technology is not guaranteed for the

long-term. Sector*-- . executlves_’_:
expressed four principal concerns. = -

¢ National and industrial .myopia
embodied 'in- a tendency .'to

concentrate” on product and -
process innovations for the

- familiar. but saturated tradmonal
" markets '

e Risks to the US. engmeermg'

talent pool ,
e Growth in  science = and

technology _ compete"ricies'

overseas’

~ o National policies that create de :
facto advantages for off-shore L

competltors _

Natlonal and Industry Myopla

The October 1997 Toyota Motor
Show provided 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-emission ‘cars by Japanese
manufacturers. U.S. automakers have -
stepped up the timetable for the’
introduction of their own" “advanced

technology models., But, the lack of

demand for such vehicles -in their -
home—and largest—market: remains
a key innovation hurdle.

Tﬁe US ~auto market s

fundamentally. different from the

other markets around the world.

‘Americans rely on their personal cars '

Annual Vehicle Mies Traveled per Vetiie by Parsonal Vehicles

Personal Vehicles Energy Use (Millions BTU
. per capita), 1995

| Buf the U.S. market is
increasingly unique.

Chan 8

'Amerlcans Travel Much Greater Dlstances
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Source: Lawrence Berkeley Laboratory. International Energy
Studies. Energy Analysis Program. 1995.

Chart 9

And Use Much More Energy... |

Source: Lawrence Berkeley Laboratory lntemanonal Energy Studies.
Energy Analysis Program 1995.
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m.orethé.nf_fafnyone else does. The'vast ) R T N e ‘ b
majority, 91 percent. rélies on cars as-
their prrncrpal - .mode . of IR B _ S . SR : | :
transportation. .and most. American 4 'But pay less at the pump. "~ - .
families own two cars. Our tastesrun .. 7 . (price of gasaline per gallon) -
towards  heavier vehicles. The fastest. = = s it R
/sellrng cars in the United States | '
today- are- lrghtwerght trucks. Grven
the longer " distances traveled  in
heavier ‘cars, we ..consume - more '
" energy. per vehicle than Japan, West .
~Germany and the UK. combrned
(Chan9 prevrous page)
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Prrces at the pump are also lower in.
- the U. S than almost anvwhere else
-(Chan 10).. These differences. in gas
prices have less to-do with-the base -
prrce of orl than the fact that forergn SO .
govemmems 1mpose ‘much- higher ‘ _Source: Lawrence Berkeley Laboratorv lnremanonal Enerzy
taxes on fuel (Chan 11). The Energy Analysrs Program l995 o s | 3
problem is that when a gallon of gas = - e Ty Ll S i

r USA,
& China

1978 1982 1986 1990 1992 . 1984 1995 1996
»

costs less than a comparable gallon -
of milk or water, customer demand .
“for innovation for fuel- efficient or : o L ' l ‘
alternative _ fuel vehrcles is not e o P - P ] “
pamcularlv strong. ) ' I R . : .

Ultrmately the unrqueness of the . ’ | C""‘" » SRR
American ‘market: is unsustainable. | - , leferences in Gasoline Pnces Are Tax-Based. l
Global’ c'lirnate change concemns .. . e §'~ , a ,
related to - atmospheric . - carbon PRI 2
dioxide are growing,- although more - A
research is needed to establish both

- the linkage and the . impact.
Moreover.: increased motor vehicle |

- production will drive up prices. for
raw matenals. 1nclud1ng oil, in ‘the
U.S. market, likely forcrng a.shiftin
"consumer preferences towards’ more'

- fuel efﬁcrent vehrcles
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Retall Price (Constant 1990 US.$ per Gaflon) =

(The brfurcanon of the . U.S.. market - i ‘_‘o,
»from the.rest of the world, however, .

,»creates current innovation drlemmas

: Source: Lawrence Berkele Laborato lntemauonal Ener Srudresl o
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‘based manufa_cturers_ must innovate.”




But. ‘the market pull for advanced
technology - vehicles - is . coming
primarily from" overseas. which in

turn reinforces pressures on U.S. and -
foreign = manufacturers . to shift
investment globally. Such as shift -

could damage the U.S. infrastructure
for innovation in the automotive
-industry. '

Withoit a national strategy and -

agenda to leverage .. industry
resources for breakthrough research

"and engineering in the US.. to~
-stimulate consumer demand for fuel-

efficient and alternative' fuel cars,

" ~and to provide the infrastructure to

fuel them. it is not clear that the key

technologies  -transforming  the .

industry will be - developed and
deployed here. The danger is that this
could 'be a revolution that occurs

overseas. perhaps even led by US. "
‘ companies operating abrOad.

Risks to the US Engmeermg

- Talent Pool ‘Lagging support for. -

umversuy research and declining
numbers of engineers do little ‘to
offset these cemnfuqal investment
pressures.

Automotive research spans a wide

range of basic -and applied -
disciplines. The basic disciplines of .
- physics. chemistry, mathematics, and
- engineering remain fundamental to
the auto- industry; a host' of new -
tec‘hhologies in materials, energy,

and electronics are semng 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 end of the Cold War,

Billions Constant 1987 U.S.

RISkS to the research base and
talent pool

Char‘! 12

Support for Umversuty Research
in Engmeermg and Physical Sciences
Is Laggmg

| . " Life Scieny
a ) .

' Engiheeriﬁg

Physical Sciences o
. Math & Computer-

Sciences

1973 1975 1977 1979 1981 _1983 1985 1987 1989 1991 1993 1995

Source: Nauonal Scxence Foundatxon WebCASPAR database:
hup: //caspar nsf gov.

Chart 13-

DoD Research Support Is Reachmg a 35 Year Low
[Department of Defense ( DoD) Technology Base
(6.1 & 6.2) in Real Terms]

End of Cold War

- DoD Tech Base at 17 Year Low |

(approaching >35 year low)

' ' (Canstant FYS7 $Millions)
- . . {FY98 and beyond are estimates)
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DoD tundma a. bul\\ark of suppon R B , Lo E;h};n 1'471:. T o
for these: ﬁelds “has also- dechnedj . ] S o :
_ substantially.. Indeed  recent”
esnmates mdlcate that” the overall
DoD budoet for basic and applied R ‘ . S . \
_research 'is reaching a: 33 -vear low - _ vt RN PP S
Chart 13, previous page) ' S e . —

.U.S. Mathematlcs & Science theracy in 12th Grade Is :
Slgmfcantly Lower Than.the. Internat|ona| Average -

. Sector partmpants wefe " also L
'concerned about - the quallty of i~ .
education'and technical training at all
levels in the United States Global_ .
competmveness to . attract - ‘auto -
“industry investment will hinge on
" access to. a_well-trained workforce. - . L ! I
' Over time. the industry will be = . . oo D e b ‘
drawn,to regions prov1d1ng_ th?: b,eSt s jSource IEA. Thzrd Imernanonal Malhemancs and Scxence Slud} 199 l 96‘ L
educational - ‘and ‘training:." : ‘

infrastructure.. = - L _ S ) ‘

o mternaucnal Average =
500,

Recent studies mdlcate that the 3
. Unitéd States lags other -nations .in. o T - S h
the quality” of its. science. and . = o o o
mathematics education at the K-12 ' : :

ot

level (Chart 14). Apprenticeship and o SO Chart15 - o g
vocational . training opportunities = . - . ; " -
remain much higher overseas. This ‘ A5|a Odtpace§ Europe and the United Statds Comobir ed{
constithtes a major competitiveness ' ’ ) , . m Englneerlng Degrees _ "‘
"issue for the U.S.auto industry. If = = 4 300 se6e— " L 2R v
product quality is to meet-global | g ' | |
standards assembly workers must . e 240 51
‘master-a wide range of technologies . - 3 . o , L
including ~ advanced - electronics,’ -t s R ey ———— — 1
.computers.” robots, . ‘sensors and el oL b L
lasers. ' ' S e T AT \ )

o ‘ . g. 60 L o ; ‘_ _ 619 \" ;»{.
-The 'United States also increasingly A N R o - : 4 '
lags many other regions in the CE 0 AQA T girees T usa ~ 1 K‘
number of undergraduate T T T e
engineering - degrees. While U.S. , . ' i
engineeﬁng " degrees gradually : . * L
declmed 100) about 61 000 in 1993 o Source: Natlona] Science Foundatlon Data Bnef Science Resource5v
after reachmg a peak in the mid- Studles Dmsnon Vol 1996, No 12 November 27,1996. - L
eighties, 'European graduates nearly. - . . L ‘ o ».: RO ' i

doubled to an annual itpt'al of nearly
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© 159.000 (Chart'15. previous page).
“But. ‘Europe and the United' States' "

would ha\e to combine their total

engineering degree - ‘numbers " to. -

match the growing numbers of
degree recipients .in Asia—around

281.000. Moreover. roughly 30

percent of students enrolled ‘in

doctoral engineering programs at

U.S.  universities are - foreign

"nauonals (Chan 16)—and a growing
-percentage of foreign students are
returning home after completlon of .

their StUdICS (Chan 1 7)

Science : .end ' Technology

.Competency Abroad: - Untl.
. recently, only the developed nations.
had the educational "infrastructures
capable of producing the high quality

scientists and engineers needed'fOr

‘the automotive industry. Todav
developma natlons—notablv China -
and India—have substantlal pools 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

 high® “quality S&T * services to
‘automotive companies and at a

srgmﬁcam discount compared with

the dev eloped nations.

De\elopmg natlons—from Chma to
‘Brazil—are ~pooling talented

screntlsls and engmeers 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 nanonal research programs

' Nanonal Scrence Foundation. Data Brief.
Science Resources Studies Division. Vol.

1996. No 12. November 27. 1996

""Chart 16

Forelgn Nationals Make Up a Majorlty of
Engineering _Doctoral Students in the United States

%% .

!
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5%

-

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

'Sourcé: National Science-Foundation. WebCASPAR. Hup://caspar.nsf.cov

Chart 17

But an Increasing Number Are Returning Home

(Foreign Engih'éen‘ng Doctoral R’ecipients from U.$. Universities
' With Firm Plans to Stay in the US.A.)"

- 1980 - 1992
S.Korea - . 585% - 14.9%

Taiwan T ' 55.8% 22.5%

. Europe . T 534% o 33.7%
OtherAsia = . 514% L 31.2%

China- - . 38‘1‘.% T 3624

. Japan 18.5% . 12%

Brazil L 27.3%: - 12.9%

Souree Nional Sciemce F Science & Engrmeering 'oeq wm Pp‘“-ﬂ Table 2-34

' eaig90
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‘Brazil's Sao’ has
achieved high marks in new engine’
design. drawing . on Brazil's..

A - leadersh1p in combustlon physics and, :

~ advanced materials. Bangalore, India
has built a first-class scientific
‘workforce of software engmeers and

related research scientists that. the :

* auto industry cannot ignore: With top
education, the best equipment, and a
" quality infrastructure.
Bangalore work for a fractlon of the

.wages demanded in -developing
countries., Isr,ael,_ which has " the
world’s  highest -~ percentage . of

" scientists and engineers including a

- multitude _of former Soviet émigreés,
excels - at ensuring

and- civilian work
compames '

National Policy Differences:
Governments in  North America,
Europe and Japan have embraced the
global economy. They-have allowed
and . encouraged -
~ automotive manufacturers to deploy
* technoldgies 'in ‘emerging’ markets.

N ThlS has perrmtted individual auto.
© . companies and their supplrers to site’ _
~ research in-one nation,..comporients
~~and assembly -
.. distribution in yet: another - country,

in a -second . for
. continually re- ad)ustmg _ thelr
_.operations - to take advantage of
_ . opportunities throughout the world

To keep or attract“the highest vvalue L
investments. many countries offer a ™
variety .of incentives that -include. -

substantial - tax, training
credits, . low-cost - -
. deductibility for
developmental _expenses.

credits,
loans

o

SIS avarlable inthe U.S.

_scientists in

technology :
transfer from its domestlc -military
"investor _

. transnational ~

_ and .
some, types .of . -
In many
cases,. these incentives. exceed what

Many Natlons Offer a Plethora of. R&D Ince

'S. Korea:

- .-5% (or:special depreciation’ of 50% of the -
; ‘acquisition cost of facilities). -

‘mcremental R&D expendltures——lncludmg
‘for new product development, product .
. .improvement, and invention or design of n "
' .‘techntques :

--Technology and manpower development‘
. of up-to 50% .

Chart 18 -

--R&D buildings qualify for 50% supplement
1% year depreciation

--Grants available to assist forelgn mvestors\ln
‘locatmg R&D centers T '

Mlmstry of Research and Technology

--Tax credlt avallable for up to 20% of

-‘Research and expenmental facilities credi

E i; |
g
l'

B --50% credit for incremental R&D expendltu

res
ary

)
v

N
o

. --Software development costs now deduc 1ble
~ --Loans and/or major grants for R&D or néw
~ technology may be obtained from Federaﬂ

&
i

B . --Technical: license royalties tax-exempt for 5 yrs

Malaysia:

Singapore:

10

: |
_..--Double tax deductlons allowed for certain b
. expenses: connected wuth approved scnentlftc Ih
;research prOJects !
. }
'

‘Sourc_é:.AAMA.

‘ --Double tax deductlon for R&D expenses lrl }
‘certain cases. - - l
, '--Capltal mvestment allowance of 50% in ce

cases .

annual allowance for R&D buildings -

. -:Grants of 20% 30% of the costs of ‘certain

activities. with potential technologlcal benefit

. - the country

--Capltal grants below-market mterest Ioans’l
: Ioan guarantees and/or tax lncentlves may

granted for various R&D programs upon

. govemment approval

'l
'--Inltlal 25% tnvestment allowance and 3% |

B *~-§-year tax holiday may be obtained for forelgn
*{lnvestors bringing in hlgh technology ’ ¥ l
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Govemments,

emerging economies, also employ

another technique to augment their -
science and technology base: implicit -
linking
technology transfer to market access. -
(Chart 19) "

or explicit requirements

Transfer of the latest technology is

quite simply the price of entry into

these formerly closed markets. Other .

common demands " include ~the
establishment of collaborative R&D

centers and funding of research at’

local universities and  national
research ' facilities. Local content
régulations  often  drive  the

techno]ogy transfer process.

Wn‘.hout govemment intervention to _
] trade;

enforce international-
agreements, technology is flowing
abroad from U.S. industrial and
national laboratones as well as from
U.S. universities.

3 Sustaining
National Leadership .-
Control of the intellectual property -

and processes surrounding advanced
automotive technologies will drive
competition.in the industry'well into

the next- centurv. The unrelenting -

pace of technological change ‘and

- global diffusion of manufacturing, in-. .

conjunction  with  unprecedented

pressures on profits (a combination . .
_ global *

of  overcapacity’ =~ and
competition), is creatmg a verv fluid

"situation.

Clearly,xam'ong 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 .

particularly = in. -

Chart 19

Emerging Economies Use Import Polices and

Non-tarlff Barriers.to Pull in Technology
Investments
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Gira Prohitely hightrifls uoredaatle. | .
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— Mostvas tahes et | - Rnweeummbmna-rm
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‘market = demand. = technology : S .
breakthroughs in fuel- efﬁcient and - . '. ST S L ‘ i
. alternative’ fuel vehrcles may simply _— b
- fall on -barren ground: or go ‘ ) - o ;
_elsewhere for - developniem‘ and . ekt e e~ \
deployment.” Either way, the. ability . What We ShOUId Be DQm d ;
of the U.S. to. sustain innovative : L S SRS I .
leadership. and " attract . high-value - Economic Incentives for Fuel- = | |
"“VZS‘:‘C“‘S from ‘industry will be. . _~ Efficient and Alternative Fuel }i '
erodec. - IR Vehlcles - ' ¢
‘Economic N In_centive_s “are o _4" '_.") - !L '
=" Critical: In the price-sensitive' motor- .

vehicle market, it’s always uncertain =+ o The State and Federal Governments-f_ NS }’ L
whether and what ' consumers. will. .~ . "Should Meet Acquisition Targets Set L

pay for new technology. Given the " Out under the Energy Pollcy Act of - |

unique market conditions i in the: us, . . T '1992 T e [

however, - production’ -of advanced *: T S e Co
 technologies, like hybnd “vehicles,;. . - . -

" government . R&D .- funding. S R
. Movement from laborat'ory and pilot- - ST
scale'facilities to markets in the U.S, "~ . . .+ . 0t e {
. will have. 1o ‘involve economic Lo e i
* incentives, mcludmg fleet purchases -
by state and federal govemments and , : ‘ ' : ‘ Coie r %
personaltax credlts o L o ﬁ ‘
. ’ ’ I
!

|

w111 require more than industrial'and - - - . TR S
i

}

" Chart 20

Federal Agencnes Are Falllng Short |n AFV Acqu1smon

.‘ b

In every country in Wthh altemauve e ST , B
. fuel. vehicles have made 51gmﬁcant e " | Required AFVAcq. | Actual AFV Aca; !
- headway, for example, the ‘national L — = — — '
' government has played a crmcal role .. O AU T { I
" . by establishing- ﬁmcenuve -pricing, = . L qges | 6666 1 .- sas8 T ‘ .
- through .taxes -or subsidies,’ for the : — T S o
“purchase of new alternative fuel ! S L S
 vehicles, conversion of conventional -l ey - <] 'se00 . [ 2800 | {
vehicles” or for the refueling = = S | : '
infrastructure. o I , S S : !
R o 1998 .| g0 - i .asootest) - | L
In Canada, New Zealand, the - IR ' Lo
. Netherlands, Italy and ‘Brazil, ‘the .- . =~ ° 7 i o o
effective price of alternative fuelsis - =~ = . . .° " o R
considerably less - than . gasoline. e .o T S - R
Unlike these countries, the U.S. fuel. -+ - © " h e /
tax structure -penalizes .all ‘the =~ . .70 N R o
_alternative  fuels . other - than . R DA ]i
r 2 l
: -
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compressed nalural 0as ethanol and- -

electricity.”

In Japan. the government has created
a tax deduction for purchase of
alternative fuel vehicles at “the -

national level. a reduction 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 .pénnerships (e.g.  the
Partnership for a New Generation.
Vehicle) and procurement mandates..
Although the Energy Policy Act of
1992 (EPACT) set. targets for

acquisition  of  alternative  fuel .
vehicles for its own light ‘duty
~ vehicle fleets. for state-purchased

fleets andl for cars purchased by -

energy ' providers, many agency.

purchases have fallen short of the -

targets

Government p_urchéses of vehicles
for public fleets may help launch the =

.market  for fuel-efficient and

alternative fuel vehicles, but only
customer .demand can sustain it.

Although energy efficiency and -

pollution controls are important
national goals. economic incentives .
for the larger population have played
a relatively small role in the U.S. In
the absence of market signals, such
as increases in the price of gasoline.

_ or regulatory requirements, such as -
“higher emission standards, state and
federal govemments may need to~

* Department of Energy. Energy Efficiency and ‘ A

Renewable Energy. Office of Transportation

Technologies. Replacement Fuel and Alternative
Fuel Vehicle: Techmca/ and Policy Analvsis. July

1997.

| Wha't"We’}ShoUId Be Doing

State and Federal Governments Need to
Create Economic Incentives to Stimiulate
Customer Demand

Consumer tax credlts for the purchase of -
fuel-efficient and alternative fuel vehicles -

'_. Low mterest Ioans for fuel effucuent
: vehtcles

¢  Fuel taxes that incent alternative fuels
~over gasoline

e Preferential parking and access to
express lanes for alternative fuel

* vehicles



offer  purchase incentives—both

-direct in the form of tax credits and -

.indirect such as preferentral parkmé

~and access to express - lanes—to

create enough volume to dme down
producuon COStS.

Public-Private Partnerships are

Critical: Although the Big. Three . -

- R&D budgets as a whole are
increasing, funds avarlable for

breakthrough . research * are. not. -
‘Public-private. partnerships, like the -

* Partnership for a New Generatlon
Vehicle (PNGV) aré needed

leverage resources and mcrease 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. expanded in three
_ways. First, the partnership should be

I retocused on research needs for. the =~

vehrcles .of the future well béyond

_ the' original 2004 framework. A

‘numbe‘r of the technologies selected |

. early on for the PNGV are now too

close 1o commercrallzatlon to be

~ripe for collaboration. ~ Second,

automotive suppliers, _who"'are an
increasingly integral. ‘part of the
research web in . the - automotive

=mdustrv : should be invited to

_ pamcrpate in the. consoma Third, -

the United States’ needs to rethink the

~issue of participation by . foreign
firms in publlc -private ‘partnerships-

in the"U.S. ‘As the industry mergers

~ blur the nauonalm of firms, the key

~ criteria for pamcrpatron should not _ -

"be country. of 1ncorporat10n but the

. value added to the U.S. economy

Partnershlps w:th univer"sities
and national .labs are - critical:
© Sector  executives agreed ' that
‘research partnerships involving the

What We Should Be Doing s
‘.

) Refocus the Partnershlp for a New
o Generatlon Vehlcle,

Ik
\ :
. Expand the scope of research beyondvthe ‘
204 time frame :
g
Inwte automotlve suppllers to parﬂcnpate"
inthe consortia ~~© * - '*

Include companles based on value add[ed
to the:U.S. economy and technology base
rather than country of mcorporatuon '

4

i
1
3
)
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. auto industry ( OE\IS and suppllers)
national laboratones and universities
are  crucial to madintaining U.S.
technological leadership. '

Universities create: not onlv 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 lag national lab capacity.

Partnering offers win-win solutions.
Universities benefit both from. the
feedback on cutting-edge research
issues and the opportunity to provide
graduates with first-hand experience
in problems relevant to the industry.

'The national lab\s benefit -from the

practical 1n51ghts and time d15cnplme

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.

1)y Eliminate 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
simplifving the agreements and
applying those conditions to

What We Should Be Domg

Promote Auto Industry Partnershlps
with Universities and National
Laboratories

e Simplify the process and eliminate

‘unnecessary-overhead charges in
partnerships with natlonal
laboratories

¢ Increase interdisciplinary university

1

programs

e Create industry-sponsored

apprenticeship programs




' multiple laboratories. the act of . . . . . o0 ’
“establishing a new cooperative . T T .o T )
-research - and develdpment CoT e L e
agreement (CRADA) still gives o )
~many' companies a ‘punishing = .’

lesson in bureaucracy and extra

i
overhead charges. Although no - " e S : \k

money changes ~hands (US - AT R |
scientists  are supp_orted_by N B
government  funds - = while S .' SR
~ company money supports - - i B L ' " N (
, . “company scientists), the o . : :
negotiations - over- intellectual
property rights and other issues
can drag on for years. Moreover,
‘the DOE assesses a 30 percent o
.overhead  rate on CRADAs over Co
.and’"  above © .the laboratory
overhead rates. ‘

e

e e e g

2 Incréase " Imer'dt'scip[_i.rmr'yt_ e A
University.” Programs:  Sector
- respondents observed © that T TN RN
advanced technologles n the IR I A R ;
transformed auto industry require ° ST . '
_far more  multidisciplinary - l
training-than is available today at 4 "
American  universities. They ; S S PR
urged that graduates headmg for . . - R - . S “ 1

e TS

industry employment- become , . R o o
more comfortable- workmg in . A ' S :
mterdlsc1plmary environments or o _ . : i . - !
“project teams.” Graduates must T N - : o e
be familiar with ‘the new : - o | la
“interdisciplinary = disciplines,” o . = -
" such asﬂ mechatronics ' that
integrate  electrical, electronic , .
and® . mechanical . device g : EEER ‘
characteristics. Y ' : o

3) Apprenticeship Programs: Sector . : T B ﬁ
participants suggested that both ~: - - ' o IR &
the industry and the  research : , - \(

-+ . universities need to ‘focus on SR ' T
o educational = requirements that e o - S | b
cannot "be 'met solely in ‘the = S ‘ . o -

’ university environment. - More




=

© cooperative and apprenticeship
programs are essential to provide '
students. with experience in _,thp
transition from an analytic to an -
" innovative phase of development. '

Co
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. Auto'mofiVe'Ind_u,stry‘»

Sector Study

: Joﬁh McTague
" Ford Motor Company

.Kenneth Baker

‘General Motors Corporation

Participants ..

Dave PurVis o
Allied Signal .

Peter M. Rosenfe'rd o

Chrysler Corporatron AP

| . Gordon M, Heidacker”
"Chrysler Corporation . .:.

g :.Jarnes Anoeréon' r o
'Fordl Motor Cornp'anv‘ ’

Chnstopher Green

General Motors Corporanon S

\Iark Theobald
General Motors Corporanon

‘ Sansh Kulkamr ' ,
‘ Lawrence Lrvermore Natlonal Laboratorv

Frank Freld

o Massachusetts Instrtute of. Technology

Dawd Cole

- Umversrty of Mrchlgan

Helena Li Chum SR
: Natronal Renewable Energy Laboratorv A

"Robert Carlmg ) .
“ Sandla Natronal Laboratones

" Donald W. Hudler
. Satum Corporanon

T RobertL Lelbensperger
' The Timken Company-

Peterv Stanciharhnrer

"~ TRW Inc..

‘Robert J. Hermann o A
.United  Technologies =~ Corporation

= = e

e % ~ i S tnd
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Sector Adwsor

Industry Co-Chairs.

Dr. John P. McTague is vice president—technical affairs for Ford Motor Company. He was
acting science advisor to President Reagan and a member of President Bush's Council of Advisors on
Science and Technology. He currently directs the Ford Research Laboratory, Environmental and Safety
Engineering Staff. and the Technical Strategv Office. He graduated from Georgetown Umversrtv with a
bachelor’s degree in chemrstrv and eamed a doctorate from Brown Umversrtv

Kenneth R. Baker is -general manager Mrcro Turbine. Generator Business- Umt and a vice

“president of General Motors. Joining GM "in "1969, he has' had a variety of assignments,
*including vice president of the GM Research and Development Center, head of the Advance

Design Department, chief engmeer and program manager of GM’s Electric Car Project Center, e

" and director of Advance Vehicle Engrneenng and GM’s Service Technology Group He earned a

B S. degree In mechamcal engrneenng from Clarkson Umversrty

f

Dr. Ronald S. Pandolfi i currently serves in the National .Intelligerrce Council. Prxor 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 vears of experience in

academia. natronal laboratories and U.S. government agencies in collaborative international
R&D .activities in: the transportation sector. He is particularly active in the development of

altemame fuels and in the mtroductron of new technologies for cleaner. more efﬁcrent vehicles.

’
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DRAFT

C";oing‘ Global: Express Package Transportatlon and Logistics
o ' The Role of Research Development and Orgamzatnonal Innovation

Sector AdV|sor , BruceR Guxle

o Last year Amerrcan compames spenr S6 70 bxllron—a gapmg 10. 3% of GDP——to
- wrap,. :bundle, load, unload, sort; reload, and transport goods. So clogged is the gross
- national pipeline with unnecessary steps-that the grocery industry alone believes it can
. wash $30 billion, or nearly 10% of its annual operating costs, out of the system. A ypical
box of breakfast cereal spends a stunning 104 days getting from factory to supermarket.
-haltingly progressing through a concatenation of wholesalers, distributors, brokers
_ diverters, and. consolrdators each’ of whrch has a warehouse :

Ronald Henkoff
“Delivering the Goods”
- Fortune, November 28, 1994

’Integrated Loglstlcs and Express Package Transportatlon ‘ | S

Price and service competmon among U S manufactunng and serv1ce companles are

. driving firms to adopt business practices that minimize inventory costs and reduce cycle times.

throughout the value-addmg chain of events in the production, ‘distribution and delivery of goods .

* and services. These economic pressures and opportunities,are driving rapid changes in the
~ physical flow.of goods—transportation, trans- shipment, and warehousmg of matenials,

components and ﬁmshed goods—m the U S. economy and, to a certain extent, globally.

' Asa result, there is a growing demand for relatively rapid (2 3 days domestlc 10- l4 days |

.. international), time-definite package transport that is supported by enough 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
hke a local retail store ie. you know exactly where somethmg is and when you can get it.

Two technologlcally dynarmc though not parncularly R&D- mtenswe mdustnes enable
the current changes i in the physical flow of materials, components and finished goods: electronic -

* ‘commerce and express package transportation. The marriage of these two industries in

application is variously descnbed as supply cham management logxstxcs or value ¢hain’

. management.

‘Supply- or value-chain management can be. dlfﬁcult to understand as it cuts across
hlstoncally separate business functions. Full- scale value-chain management will 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 aspects of Matenals Resource Planmng II, Just-In Tlme and Total Quahty




Management U S. manufacturers serv ice. compantes and. consumers appear to be dmmg
~demand for lOElSIlCS services, butit is global phenomenon, if:for, no other reason than many
productron processes mvolve mtematronal transport of. matenals components, and ﬁmshed

| goods . Eo SR

LOngthS is.a systems mtegratron and management activity:that can. 1mprove customer

T servrce and company image, while reducing cycle time (mcreasmg asset utrllzatron) and reducing
~“"inventory and transportation'costs. And thére are plenty of opportunities to take costs out 6f most-

" supply chains. Drstnbutron—the function that logistics providers most commonly handle—ts

- generally defined to address inventory processing, storage-and, warehousmg, transportation’ l
- network analysrs transportatron and delrvery, and sometimes order processing and customer - §
- service.’ The expense associated with these functrons in a company-varies ‘greatly. One long-

: runnmg, 'survey-based, U:S. data set yields an average distribution cost'equal to 7.94 percent of
company sales revenue with costs ‘higher 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
werght and volume ratios.” In other economies, the average costs of drstnbutron are usually ‘
hrgher 8.8 percent m Japan and l4 percent in South Korea by one recent estimate.’ :

o

Tradrtronallv the economics of transportatron have dommated decision makmg about how
products are aggregated for shipment. The physical charactenstrcs of the goods being moved

-affect the economics of transportatron but not the physrcs only a small portion of non-bulk |
shrpments (less than 5 percent) cannot be broken into packages of 150 pounds or less. What is |

! See, for example Davrs Tom. “Eﬂ’ecuve Supply Charn Management Sioan Management Review,
Summer 1993; Saccomano, Ann. “Demand-chain management turns fraditional supply chain inside out,” Traffic
World;:March 13,-1995; Bowersox. Donald J. “The Strategcheneﬂts ‘of Logistics Alliances,” Harvard Business |
Review, July-August l990 and Muller E. .l “Prpelrne to Proﬂts Distribution, September 1990. : PR

- lt is. rmportant to note that logrstlcs typrcally applres to more ‘than just busrness appllcatrons and does not
apply exclusrvely to packages Military logistics (humans, equipment, weaponry, and food to and from where it is
needed when it is needed) is-a related and unportant field. . Also, many of the technical tools and techniques of "~ }!
logrstrcs are as valid for mianaging supertankers full of oil as’ ‘they are for. moving boxes of baby powder through a
retailer’s drstrrbutron chdin. Theé Council of Logrst|cs Management -- the dominant association for logistic
professronals - defines logistics without regard to speed or weight: “the process of planning, im plementmg and
controllmg the efficient, cost-effective flow and storage of raw materials, in-process mventory, finished goods and
related mfonnatlon from pomt-of-ongrn to pomt-of-consumptron for the purpose of confonmng to customer ' |

requrrements

’ Author after MGI Cargo AnaIyst ‘R is' for Logrstrcs .lanuary/February 1995, p.

v Davrs Herbert W And Drumm erlram H “Physrcal Drstnbutron Cost and Ser\rce 1995 4nnuu1

Conference Proceedmgs Councrl of Logrstrcs Management San Diego, | CA October 8-11, 1995 pp 219 228.

s Industrv Logrstrcs Assocratron (of South Korea), quoted in “Korea Needs to Streamlrne the Supply Cham,“

Korea Herald October 5, l997 o s .

8 Package shlppmg can mclude a number of overlappmg markels mcludrng customers/mdrvrduals shrppmg
5)’

packages letters or flats, -catalog or Internet sales shrpprng, company-to-company or site to site within a company
an independent | carrler and company to company or site to- srte wrthm a company by private fleet or dedrcat=d

~ contract fleet..

9
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~out of manufacturmg and servrce operatrons

The Prov.lder Industrles o e : MU L

panicularlr‘interes'ing about package transportation and logistics is how the changing economics
of production—the total value chain managed by a manufacturing or service ﬁrm—changes the - -
calculus of distribution. drives the drsaggregatlon of shrpments and makes winners and losérs

The competrtrve pressure that is dnvmg valué cham management and time deﬁmte

delivery—both for manufacturing and service companies and for the carriers that serve them—_-rs
illustrated by rates of growth.in timeé-definite originated shipments. Comparing four quarters

| beginning in October 1993 to four quarters:beginninig in October. 1994, the annual rate of growth

intime-definite shipments handled by mtegrated camers was 13.5. percent or between 2 and 3

- times the raté of GDP growth in that penod o , O

I

To understand what is happemng itis 1mportant to understand that effective value-chain
management is an orgamzatlonal 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 counsel—rs satisfied both by in-house providers
(the lOngthS division of a company) and’ vendors Therefore the mdustry that provides this
service isn't one mdustry but several. ‘

; O T L i K .
. Integrated express carriers (management‘ informationyte'chnology and transportation assets)

+ provide logistics services to companies, as well as traditional businéss-oriented package
shipping, package express services and individual-consumer services. Globally, these "
companies are joined by multinational freight forwarders and “hybrid” express carriers that
offer express service within a country but use freight forwarding to reach overseas locations.
These companies compete—sometrmes directly sometimes not at all—wrth national postal .
services. : :

. o Trucking and air cargo compa.nies—traditibnal transportation assets for industry—move

huge volumes of goods. - Increasingly these companies are forced to provide, both -
independently and with dedicated, ﬂeets closely managed by the customer rapid and time-
~ definite dehvery :

. Thrrd party loglstlcs provrders—-—sometlmes using thetr own transportation assets and
- sometimes using other’s assets—provide supply-chain management solutions by prov1dmg
the necessary scheduling, control and information technology. Typically, third party logistics
suppliers have a history either as a'freight forwarder (no assets) orasa transportatron carrier

T MGlCargo Anazvs: Where (soo Pound) Gonllas Come From," Third Quarter 1995, p 23

- Competition between U.S: mtegrated express carriers and the U.S. Postal Semce is a contentious issue.
lntegrated 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. See Statement of Kent C: *Oz " Nelson, chairman of United Parcel Service
before the House Subcommittee on Governmem Reform and Oversight, September 26, 1996.

[



- Ray Greer, senior vice presrdent Loglstlcs and Technology, Ryder Systems Inc.

with some transponatlon assets—tractors trarlers trucks planes and/or warehouse o trans- . |
'-shlpmem facrlmes A TR TR L

. ;lnformatron technology compames especrallv network and software compames play a large
. and growing'role in the mdustry The limiting factor'in a company’s ability to extract value’
-from time definite” transportation are the MRP, DRP and other information systems that .
©. companies run and the-daunting (mostly. orgamzatlonal not technical) task of making them
E ~'work together well enough to-bé of value.” A-further i issue is the relatlonshlp of opportunmes
. in‘logistics to the growing use.of the Internet for commerce. Dedicated commumcatron )
‘networks for controlling a supply-chain are developlng in. tandem with growing uses of the | o
Internet for the same functions. Some very credible participants (Microsoft; for example % in -
" . the information business view the Internet as an mformatlon/ communications tool that can
~allow smaller companies to handle the information aspects of value chain management and ;
"+ logistics. In some companies, the use of sophisticated approaches to value chain management L
~ involve working through the use.of the Intemet for retall sellmg, customer servrce and dealer
u ,and vendor mformatron exchange g - - .

a Technology and Organlzatlonal Innovatlon in the Industrles
‘A very broad set of technologlcal advances are relevant to: these dlverse compa.mes in the
package transportation and logistics. industries: a) computers, communications networks, .
- database software, electronlc/optlcal sensors; b) electromechanical devices for materials handlmg I
]
|

“t o

in facmtres and vehicles; c) vehicle/fleet related specialized equrpment and d) decision Support
or system design and analysis tools (see Figure 1, next page). In’the context of a. broad base of
. relevant technologles three genenc busmess problems motivate techmcal work in the industry:

lmprove customer percelved value of service offered €:g. communications and computer '
technology that allows relrable trackmg and time- deﬁmte delivery. Co

. lmprove efﬁcrency in productlon of loglstrcs and transportatlon services, e.g. matenals |
handling‘and tracking technology to drive transportatlon and handlmg cost down or increase
volume of. packages handled: at same qualtty T : S

R e O

[

oA

s The orgamzatlonal difficulty ¢ of marrying | new information technologles to transportatlon servnces to reduce
' dlsmbutlon costs and improve ﬂexnbllltv and productlvrty may mean that new implementations are easiest.
Compames that grow up in‘an environmenit where these toois 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, sénior vice president and COO, UPS Worldwrde Loglstlcs and o

s emty
N .

e - Mlcrosoft has developed and launched somethmg it calls the Value Cham lmtlatnve Mlcrosoﬁ’s operatmg
. svstem software provides--under this initiative-- a platform for integration of different software packages that ...
+, perform logistics- or value chain- related functions. -As of March 31,.1998 the best description was available at - ]

hup: ’/mlcrosoft com/mdustry/trans/

T et e T
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Flgure1 [
The Technology Base for Express Package Transportatlon and Loglstlcs

Fac1lmes Equipment and Rolling or Flvmg Stock »
- Hub or cross-docking facility design, maintenance and opefation
- Materials handling—hub, warehouse (cache areas), in-fleet
+ Equipment e
.+ Coding, tracking, sénsors ‘
+ Software, databases, communications (LAN WAN GPS)
- Fleet De51gn Maintenance and Operatlon—alrcraft and vehicles
+ Spec1allzed de51gn
+ Fuel efficiency
+ Operating procedures/demsnon support for maint. and operatmg control
- Packagmg/Contamers
- Dlstnbuted communications, database coordmatlon/mteracnwty

Suggortmg and Provxdmg LOngthS and Value Chaln Management

- Distributed package collection systems (“retail” package CO“CCIIOH)

- Customer site shipping systems (’ wholesale sites) .

~--Provision of outsourced distribution and vem for customers , ,

- Global (multinational; multi-site; package transport; sortmg and trackmg) system
* design, maintenance and operation - - - :

“Strategic Business Analv51s and Dec1510n makmg

-~ Data mining-
- Operations research; modelmg and sxmulatlon in support of network design or operatlon »




. Enable creation of new markets e.g. technoloey that allows a company to offer new servrces

(supply chain management mtegrated logistics) or to- operate in new. geographic regions

(integrating a cross- dockmg facility in Loulslana ora hub in Asiainto a tranSportatron

. system) | } , . R e

The technologlcal underpmnmgs of electromc commerce and express package

transportatron—and of their marriage in appltcatton to business problems—are diverse. In
_general, however, the core technologies are primarily information technologies (sensors, .
~ databases and networks) that can provide value-chain visibility.and enable control of the value
.chain. Critical supporting technologies, include operatrons resea.rch matenals handlmg anda:
broad range of transportation technologtes Y o

.. The industries that provide’ these services, as mentroned above, are not tradrtronal R&D-
1ntensrve industries. The technical work (research, development and. demonstratlon) performed
" by compantes in these mdustnes is constratned by several factors o .

Only a few transportatlon service compames command enough of the market to _]UStlfy
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 matenals handling equrpment for example.

because they can apply. such technologies ifi a large number of assets. Software companies,

as suppliers to both transportation services compames and to users of logistics serv1ces have -

~ abroad base that _]UStlfleS R&D investment.

e The 1mportance of systems mtegratron——for 1ntegrated carriers ltke FedEx and UPS, for thrrd
. party logistics suppliers such as Ryder Integrated Logistics, and for manufacturers such as -
Hewlett-Packard—means that companies often focus on assembling and deploying
compatrble technologies, rather than performing traditional R&D. Industry leaders shop
globally for technologies such as computers, software, communications-networks and
o matenals handling equrpment and they rely on vendors to do R&D
e In the delivery of package transportatiori and logistics services there are few controllmg
o technologres In contrast, for example, to pharmaceutical research where a patentable product
_confers'long- lasting advantage there are few unique technical solutions to those problems
' confrontrng companies. Consequentlv even the most technically advanced companies in the
industry do little research. The dominant technical work is engineering research or system
‘development that i is directly motivated by specific business problems. Companies are
éngaged primarily in the development of specialized new function/performance equipment or
o sortware and all that pertams to therr system desrgn testrng and deployment
The global techmcal base for tlus industry is, therefore best understood in 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 '

commumcatlons systems handlrng millions of packages a day and what compressron algorithms

Rl o




work best for the tvpe of data bemg handled" What technologlcal constramts limit the nablhtv -
and value of alternative fuel vehrcles in package dehverv truck fleets° ’

' The second part is expensrve and techmcallv nsky mvestment in systems mtegrauon——

* -such as electronic links between flower growers and flower buyers nationwide. This is a type of

technical innovation that is perhaps best charactenzed as'demonstration rather.than R&D. A
company “demonstrates” the viability of a technology-enabled organizational innovation to the

" ‘market."! In this type of technical activity there is rarely a separate R&D organization and

¢ompanies 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 teéhnically :

demandmg as traditional product R&D (remember Federal Express ZAPMarl”)

In summary, compames that dellver value- cham 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 techmcally or

" economically superror to those available from U. S compames

Apphcatlons and Impllcatlons

>

. Example 1 Founded in 1984 ‘Calyx & Corolla has revolutlonlzed the flower retallmg 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 partnershlp with Federal Express, Calyx & Corolla put shipping
hardware and software at grower’s nurseries and--worlung with a software consultant—built
“an ordertaking and shipment tracking system to make ordering flowers for next day delivery
dlrect from the grower as easy : and 1nexpens1ve as, ordenng flowers from a local retarl ﬂonst

- Example 2: Ryder System the largest tlnrd party loglstrcs company in the United States,

- handles and manages all inboundand outbound logistics for the Saturn automobile
‘manufacturing operation in Spring Hill, Tennessee Materials and components arrive at a..
" specific loading dock of the factory'in-15: mmute windows, shortly before they are to be
“used. Replacement and repair parts for Saturns-are shipped directly from the factory to
- dealers “on 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
.contract with Saturn that covers the inbound materials and component logistics—and the
- contract terms-are such that Ryder has a continuous incentive to squeeze time and cost out of
the very complex logistics operation that surrounds automobile assembly.

R

" An interesting example of this is DHL’s Diblin Clty Centre Mobile Office, a city center-based bus
providing the facilities of a DHL office. This “innovation” was in part responsible for DHL bemg 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 associated parking problems -- and allows DHL to deliver
shipments earlier in the mommg and fater in the evenmg. with the back up of the hi:tech commumcanons equipment
on board.” : . S .




Example 3: Herett Packard is movmg toward hawng the majorrtv of its value cham
visible. for its highest volume product—mk jet cartndges ‘HP outsources all transportatron to
common carriers.and the majority. of tactical warehouse operatlons to third party logistics }
companies. However, HP maintains strict control of the design, engineering and dlstnbutron ‘
programs for these outsourced warehouses. They are also working closely with'selected.
carriers to maintain the v151blllty of the goods-while in‘transit. The goal of the work in HP i is
visibility of the ink jet cartridge value chains from raw materials through end consumption e
regardless of the sales channel, From HP's perspective, this-visibility allows a high degree of
control over both the techmcal aspects of production (quality) and the business elements of
- ‘... disttibution. This level of control; long exercised for large capital goods such as aircraft or
machine tools..is a considerable competitive advantage. for product that retails for less than

$50 00 and is sold in volumes of' hundreds of thousands per year

1‘\'

/t' -

o These three examples are 1llustrat1ve of a pervasrve trend that mtegrates a. specrallzed
' transportatron service with management systems, transportatron facilities, materials handling,
and information technology to dramatically improve: the productivity and flexibility of both -
‘manufacturing and service companies. In many ways, these are traditional. goods transportation
activities, albeit with some special characteristics—the goods travel relatively fast (from °
overnight to a few days) and in units with relatlvely 'small weights and volumes (few bulk
shipments, train carloads, or. truck loads). What i is lost; however, in thmkmg of thisasa. -
traditional transportation industry is the way in whrch these transportation services, when'
-integrated with enterprise software and ‘supported by sophisticated tracking and materials
handlmg technologles are. revolutromzmg both service and manufacturmg industries. - . -

Not surpnsmglv the loglstrcs provrder ] mdustrles clalms for cost savmgs and mcreasec

customer satisfaction are leglon ‘And;indeed, relatrvely neutral professionals who have
publlshed analysis and case st‘udles in a wide range of industry and professional journals have
*-Although it is difficult to generalrze about the 1mpllcatrons of :

substantiated such’ clarms
logistics appllcatlons there seem to be three major elements

¥

"
t .

. The total drstnbutlon costs-of goods (and services such a ﬂower retallmg) can be reduced per
" unit of value delivered to'a customer. In many cases this is a straightforward reduction in cdlst
and cycle time (and; ultrmately, price). In other cases, a buyer’s willingness to pay for goods
and services delivered to his or her door may be higher; costs may be greater but the |

product worth more to a buyer Thrs is often described -as gains in-customer’ satrsfactlon l

The applrcatlon of mtegrated logrstlcs toa wrde vanety of mdustnes is. dnvmg structural

tradmonal role of drstnbutors or. wholesalers

-change in many industries, the primary consequence of whrch is to: reduce or elrmmate the

e The growth of mtegrated lOngthS is lmked mtlmately to the growth of electromc commerce ;
m all forrns—from telephone catalog sales to drrect replemshment systems that electromcally

17
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those publlcanons lrsted in [footnote 1.

See; for example any issue of Busmess Logrsucs publlshed by the Councnl of Loglsncs Management a}nd
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link a widget factory to the manufacturlng 1n1t1at1ng order at another factorv that makes
‘components for widgets. :

Estimates of the ultimate impact of integrated logistics are certainly beyond the scope of

. this paper and, in all likelihood, beyond the ability of most forecasters Only time will tell how
' fundamental and pervasrve the changes wrll be. - o ) -

i

The Various Markets'

The 1996 U.S. market for “expedlted cargo” is estimated to be 4.7 billion shipments that |
generate $65.3 billion per year in revenue for transportation carriers.” A few-companies

‘ " dominate this diverse market—UPS ‘Federal Express, RPS Inc. and the U.S. Postal Service. A

very large number of trucking companies competes for 'small shares of this market by providing
less-than-truckload (LTL) transportatron services. There i5'an analogous—but much smaller
group—of cargo air carriers and passenger airlines that handle cargo in this category. While a '
few companies are dominant 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 expedited.cargo wereit. handled ona contractual basis with a transportation ca'rrier.

The international express package market is somewhat dlfferent in that it is best
characterized as a segment of the air cargo business. The striking things about the international -
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 1,182,000 tonnes, and U.S.-Pacific Rim was 1,762,000 tonnes. In contrast,

*Intra-Asia/Pacific Rim was 2,868,000 tonnes, Intra-Europe was 983,000 tonnes, and Europe- =~ .
Pacific er was 1,139, 000 tonnes.'* In the international express package market, DHL and TNT -

~ . join (and in many cases lead) UPS and FedEx as dominant carriers. For example, one recent = -
. estimate of the Intra-Asia market for express package services estimated that DHL holds about

36 percent of the market; TNT has 27 percent of the market; FedEx has 13° percent UPS has 5
percent and all other camers spllt the remammg 19 percent

It is much harder to esnmate markets for lOngthS servrces both vendor provided and in-

. ‘house setvices. In'the Umted States, accordmg to oné estimate of the 1995 market, the largest

U.S. third party logistics supplier was Ryder with $867 million in logistics revenues and the
largest 20 loglstlcs ﬁrms had combmed revenues of over $5 1 bllllon e The global market for -

13

Colography Group, from “UPS Walkout Delivers Few Crises -+ So Far,” Wall Street Journal, Tuesday,
August 3, 1997. page B1. Expedited cargo lS deﬁned 0 mclude domestlc alr domesttc ground parcel, domestic
less-than-truckload. and U.S. air exports

a MGI Cargo Analyst, “World Air Frelght Forecast ” Fourth Quarter 1995, p. 23

5 MergeGlobal lnc The Wall Street Journal “Federal Express UPS Battle for a Foothold in Asia,” p. BI.

Armstrong, Rlchard D “Who' s Who in LongthS anary Charactenstlcs of the Major Players Annual
Conference Proceedmgs Council of" LOngthS Management 1996.



":logrstrcs services:is provrded by a wide range of compames mcludrng drvrsrons or groups within
very large industrial firms, such as Hltachr (Hrtachr Transport Systems; Ltd.),, that provrde both’

m-house and third party senrces

On a natronal basrs there appear to be two key features of the Unrted States that make ita- |

o leading location for logistics activity (provrder compames and user companies), that is linked to .
- value chain management. First, the United States isa large market with few internal political
‘barriers to the flow of goods. Truckmg deregulatron in partrcular has made natronal logrstrcs

L systems possrble

Second the U. S lead in the development and applrcatron of a broad set of technologres

that can 'be described as network technologres——pnvate networks, the Internet, and the software °
- .. to.use them for electronic messaging and commerce—is a another key feature. Although value:

chain management and logistics—in theory—do not depend on electronic networks, the

} 1mplementatron of these business practices in the modern U.S. economy are heavily.infused with
electronic commerce The application of value cham management and logrstrcs by US.

_ companies rides on the back of heavy pnvate anid publrc investments in network technology and -
information technology for transportation systems The core national R&D base for electronic

- commerce and express package transportatron is in networks and 1t isa very robust R&D base .

', R&D, Servuces and Competltlveness f'.' o

o

v Natronal competmveness isa functron of the abrllty ofa nation’s assets (locatron people
and caprtal) to add value to-products and services sold both domestically and in other countries.

There is a-well- documented conclusion that scientific and engineeéring research;, development and |

fl

. demonstration activities—and the personnel facrlmes and supporting educatronal programs, that
.- drive such work—oplay a key role in competitiveness. First, research and development jobs are. -

. often relatrvely high-wage activities, making a contribution to national welfare directly through -
. the incomes generated for individuals. Second, research and development can create effective- .
domrnance for company (ﬁrst-mover or fast-follower) with: long-term benefits to, the company -
“and company’s host country. Third, R&D can help create a locational advantage. that is not
specific to a particular company, by creating R&D assets in the form of a density of skilled
people and culture of technical entrepreneurs: Finally, R&D competence in mdustnal equrpment
or systems can create a competmve advantage and economic gams for user compames that are.

downstream from the compames performmg R&D U e i
Most studies of natlonal competltrveness and mdustry studies in support of o

competrtrveness arguments, have focused on manufactunng industries; it is widely accepted—

implicitly—that that a nation’s economic performance is directly connected to its natural .

resource endowments anid manufacturing prowess. However, in 1994, manufactunng, mmmg

" - and agriculture—three production activities often associated with national competitiveness—

combmed accounted for less. than 24 percent of U S ‘Gross Domestic Product (GDP) The

‘services that collectrvely account for the remaining 75 percent of U.S. GDP also account for 79 |

_“percent of U.S. employment: As services have come'to dominate the U.S. "economy—and the

‘economies of other industrialized natrons—rt 1s cntlcal that our thmkmg (and policies) changes"

to reflect the: changed nature. of our economy

[
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: The service sector inclUdes such fundamental SOcietal functions as:

Fmance insurance and real estaté (18 4 percent of 1994 GDP)
Wholesale and retail trade (15.5 percent of 1994 GDP)
'Transportatlon commumcanons and utilities (8.7 percent of 1994 GDP)

Traditional private services such as health care, private education, entertainment and repair
services (19.4 percent of 1994 GDP) . 17

1

The dommant role of services in the U.S. economy is not a new phenomenon—the
number of people emploved in service businessés has exceeded the number of people employed
in manufacturing and agriculture combmed since about 1950, and service sector employment
doubled between 1970 and 1995. However misperceptions abound. Services are regarded as
,,secondary industries that are technologically backward, not capital intensive and employ people
only at low wages. In reality, the technological mtensrty of service 1ndusmes is often high

' (transportatlon telecommunlcatlons and health care services, for example); many service

industry incomes are often well above average (doctors lawyers, investment bankers and airline
pilots, for example); and there is substantial capital investment by service companies -

.(transportatlon ﬁrms communications firms and national retail chalns are excellent examples)

Logistics and Package’ Transportation: The Challenge fo'r U.S. R&D Policy

Loglstlcs and package transportatlon isa partrcularly interesting (if not necessarily

: representanve) technically dynamlc service mdustry with an intimate connection to a ndtion's
competitiveness. There are two characteristics of the industry that muddy the water with regard

to the relationships between technology and national competitiveness: a) bothin the United
States and abroad, package transportation is historically a regulated and/or subsidized industry;
and b) the nature 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 benefits from effective logistics whether the services are prov1ded
by | the U.S. Post Offlce u. S compames or forelgn-owned compames '

‘With regard to’ regulanons and SUbSldlCS ‘there is a long history of transportation

_ regulation, at both the national and international level, that continues to play a role in the

- structure of the market and of competition. State and national govemment (U.S. and other
,"natlons ) regulation and state- ﬁnanced competmon for carriers have dramatically shaped the- ‘
" industry to date. Regulatlons in air cargo transport and inter- and intrastate trucking have shaped -

the development of the U.S. express package industry. Essentially, the regulations (covering
entry control, service areas, tariff filings, prices and commodity limitations) served to limit
competition by: a) impeding new carriers from dlrectly competmg for routes or commodmes
and b) regulatmg price competmon 18

Survey of Currenr 'Business ‘August 1996. Department of Commerce. p. 151, Table 1.
" Ayotte Mark J. 1994 “Congress Acts to Préempt Regulanon of Intrastate Transportation of Property
Briggs and Morgan www.briggs. com/preempt htm



Deregulatron of U S. domestic air cargo transport in 1977 and mterstate truckrng in 1980
_effectively transformed the competitive: enwronment for the domestic express package industry.
Deregulation led to increased competition. among package carriers—the number of carriers
authorized for nationwide general commodrty services rose from zero in'1980 to 5400 in 1987. 9
As a result of this.new competition, prrces dropped for express package operatlons—by almost
~ 25 percent six years after deregulatron The more recent (1995 and 1996) deregulatlon of
intrastate transportation is expected to increase competmon in U. S express package s

transportatlon

: A Govemment regulatlon of and mvolvement in, international competmon in expedited

. cargo (both transnatlonal and m-country) also has a long hrstory and many forms—regulatlon of .
trade, government financed- competitors (postal serv1ces) and laws restricting foreign ownership

of vital infrastructure industries. There is a long history of nations demonstratmg the belief that

there is an mherent national mterest in having a'healthy (1f not efficient), domestically controlled

package transportation system. Worldwrde government investments in postal services, and -
regulations making it difficult or impossible for companies based (and usually owned) in one
country to carry goods into or compete for domestic: business in another country, are clear
evidence of this. These expressrons of natronal mterest in mfrastructure dle hard even inan.

mcreasmgly global economy

, Wrth regard 1 the economic 1mportance of who owns loglstlcs provrders there is no
simple argument. National interests in controllmg package transportation—whether motivated by
national security or economic concerns—do not. map well onto a global economy. in which
materials, components and finished goods move across national boundariés with the same, .
frequency and purpose that goods move to and from a warehouse across the street from a factory
The 1mplementatlon of sophlstlcated global logistics and package transportation systems enables
globally dispersed and transnational patterns of. production and consuiption.: Théy allow Asian
_ manufacturers to serve U S. customers and south-of-the-equator produce growers to serve north-
of-the-equator restaurants, The growth and i increasing capability of these systems a]low Tapid
changes in the assets (locatron people and capital) in use. and—to a certain extent—unhrnge
tradmonal notrons of natlonal comparatlve advantage and competmveness

Further it is not clear how a country captures hlgh—value addmg actlvmes from a
techmcally sophisticated and effective lOngthS and package transportation mdustry In product
~industries a-good is produced and consumed in'one, two or several discrete places, and itis
possrble to understand natlonal’ retums from productron and consumptxon because economrc
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9 Smith; Frederick. 1988. “Air Cargo Transponatron in the Next Economy Tgc'hhb]pg';’r in Services. eds.
Bruce R. Guile and James Bnan Qumn l63 R o :

0 Moore T G. 1983 "“Rail and Truck Reform - The record s0 far.” Reg-ulanon (November/December) 38.

A See, for example “The Contment is Strll a Tough Nerghborhood for UPS,“ in Busmess Week, September

29,1997, . ‘
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passenger transportatlon ﬁnance and telecommumcatlons—are 1nfrastructure based “here both

production and consumptlon are netw ork based =
Two figures (see Figures 2 and 3, next two pages) illustrate how logistics and package-
transportation differs from some traditional manufacturing industries. Figure 2 was developed to

- illustrate the critical importance of, and controlling role plaved by, semiconductor manufacturing

equipment. In the case of semiconductor manufacturing equipment, upstream ° “control” of
technology has considerable downstream consequences. This picture of the industry is strategic
in nature and relates to the ability of firms in the downstream electronics industries to compete. .
The national economic benefits that this figure calls attention to are jobs in electronics 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 drfferent policies.

Inan mcreasmgly global economy, where the most efﬁcrent productron process for goods
and services demands that goods cross national boundanes quickly and without significant ‘
1mped1ment the value of domestic ownership or government control of the industry would be
outweighed by the value of efficient participation in the global economy. A country that is -
effectively 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’ ability to compete as a location
for logistics “activity,” and what will help assure that U.S. based companies reap the economlc
beneﬁts of logistics mnovatron" , .

Itis, 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 organizational innovations to exploit logistics-dependent
opportunities is robust. Finally, the component technologies (sensors, enterprise-scale databases,
materials handling equipment) for logistics systems are being developed and brought to market
around the world. There is little justification for public investment in specific-hardware
technologies when no specific component technology seems to play a controllmg role in the
success of. provrder companies. :

= .. Health care and education (network-based productlon with long-term consumption) occupy some middle
uround There are, of course, traditional location-oriented economic development policies that can capture value for
a particular region. The history of transportatlon is intimately connected to the geography of economic
development. Historically, cities rose up around ports. More footloose transportation 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, Amstérdam,

~ 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 serving

“the: major metropolltan areas of the east coast. See Wa.shmgron Posr Washington Busmess section “Retail’s Secret
~ System.” p. 12. February 24, 1997.
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There are, also a few classrc technology polrcv issues that are of cntrcal importance to
~ -the industry. Issues such.as radio spectrum allocatron public investment in transportation R&D
- and assets: issues relating to the use of the Internet. and to €lectronic commerce, generally are
-crmcal technology issues for the mdustrles that provide logistics services. Again, however.’
pnvate interest and investment in these i issues is already high, and it is hard to make an argument
' that there is a need for specnal logrstlcs-onented R&D programs or pohcy in these areas.

The prrmarv need for pubhc R&D mvestment in this broad area may in adva.nced
technical'education: The national demand for network- sophisticated computer science and

_-‘engineering professionals greatly exceeds current supply. Logistics and package tra.nsportatlon -

providers will have to compete with almost every other industry for that scarce resource.
However, federal funds (research center funds; individual investigator research funds,
scholarships and teaching fellowships) could play a key role in strengthening the-ability of U.S.
‘universities to develop and deliver loglstrcs -focused MS and Ph.D. level talent in Industrial
Engineering, Operations Research or Networks/Computer Science. These 1nd1vrduals—whether
they are employed by integrated express carriers, logistics providets, or by corporate in-house.
‘logistics groups—are probablv the most effectrve means t0 assure that the. economlc beneﬁts of
._'logrstrcs innovation accrue to U. S -based’ compames and U S consumers. v; A
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