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In the mud- 19505 a scientist came to Cambridge University hoping 10 meet Paul Dirac,
whio had carlier won the Nobel Prize in Physies. The scientist succeeded in being seated next i
-Dirae at dinner but, once in the distinguished man's presence, becanse specchless, Finally
turning to the bad weather outside as a convenient topie, the scientist said, "It is very windy,
Professor.” Dirac said nothing but, alter o fow seconds, rose and left the whle, The scientist was
mortified, convinced that ke had somehow offended his bero. Dirse went to the door, opened 3,
looked out, came back, sat down and sai{i "Yes o

Thet ancedote tz.,iix much of the story of madaern seience: searching for data 1o suprosi

even the most self-ovident hypothesis. ) '

St that vicw of science, ohvious 1o us now, has not abways prevailed. The arrival of the

Sciontific Revolution, whoen Galtleo and Kepier and Nowlon changed our vision of the universe,

dramatically changed notonly what we were able to discover but alsa how we were able to think
about the waorld arcund us,

There are many theories on what cansed the Scientific Revelution in Burope: the tiss of
religious plurahism; the increased status of scientists in soctety; the end of feudalisn the
invention of the printing press and its contribution to the rapid dissemination of information.

These changes in external society were mirrared by two changes interoal 1o hupn
thinking,

Fundamental was the separation of Scientific [deology from Scienufic Fact, No longer
-would the faws of motion be what Anstotle suid they must be; no longer would a geocentric ™~
theory of the universe be free from challenge; no longer would medical studests observe an
‘ AWOpSY. while professors of medicine fead from Roman zang that were mi}vzmzsiy wr{m;;,, bt
{iwmit Iy fol Gwaﬁi

A sgcm&d fundamental {,Imz‘iu, was that scientists am] invantors were now free from
rmirzz,izv{, nestions <>i wii ﬂzm {:aaki achicve. They were tru: 1o utg,ag{., ina pmfouud!y
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aplimiste enterprise - the discovery of scionce and the invention of echaology.

Bath aspeets of the Beriiage of the Scientific Kevolhation are criteal o us today. First, the
contest between xicology and fiwy, in the context of the federal budget. is a clash betweey those
whe imagine the world as conforming 1o rigid ideology and those, ke President Clinton, whe
ook to the {ucts and seek conerete rosults for the American people.

Second, the freedom o ke advantage of now oppontunities is reflected in the President’s
comumitment {0 progress that creates jobs and strengthens familics.

We arc now {acing in Washington a debate about the work of government. The President
and the Republican Congress have both proposed to balance the budget. Yet the great divide that
reraiig 15 over the priorities that tis nation will endorse over the next decade. And whether, as
the President and | behieve, science and technology must remain a Key prionity of our budget.

Look at the evidenee,

From basic rescarch to product development, public and private investment in scicnee
and technology bave made this nation the most innovative i the world. We have generated new
knowledge, spawned new industries, created new jobs, sustained econonnc and national sceurity
and ncreased our stundard of tiving, Research by government and private industry working
together has lead to the computer, the Internet, lasers, microwave ovens., atreraft, satellites and
medical devices that have changed the way that we work, play-and tive. .

These are the {acts.

Sinee Workd War [1, innovation has been responsible for at least a quarter -~ and possibly
as much as half - of the Nution's cconomic grawth.

It is no aceident that industries that grow from federal investments -- in agriculture,
serapautics, computers, botechnology and medical devices, o name a few, donunate world
markets today.

Tuke, as just one example, the Internet, Begun as an experimemal partnership belween
the federal goverament, the private sector and university researchers, 11 has grown into a vibrant
platforn i'a_r education and creativity,

Azxﬁ for commegree, sales of ;'zm:iucm iigi}ugiz {}:%Imc services are expected to soar from
& }023{ $200 miltion this year 1o $4.8 bitlion in 1998, {}ﬁe magazine estimates that more than
. 21,000 busingsses - up from just aver 1 000 in 1990 — arc connecied to the:Net. We've all read
» aboutthe carly success of stok o 3{’:?&:23,% in mm;}azzzw ihai ;}z’ogw% to make use of the Interneat
{,&Sit.i‘ angd more f}{s‘?{ti%ii‘é& : h

I other words, the feders] govermment, through a frsighted and wise mvestment,



atlowed us as a oation to do wyether what no one would have sceomplished alone. And then gat
out of the way when ity swork was done.

Yet, desphie this evidence, Congress has proposed to dramatically reduce funding for
seience and techmology. The American Acadeiny for the Advancement of Science estimates that
the Republican budget resolution cuis federal investiment in crviltan R&D by one- ﬁzzrd aver the
RCXI SoVen yoars.

In the name of ideology, the Republican Congress is taking particular aim at federal
investnents w high-risk, lonu-tero R&D - and in particular those merit-based, cost-shared
efforts that bridge the gap between basic research, on the one hand, and commercial developmunt
of products, on the other,

These are investments that are highly leveraged, with huge potential pavofis (o the
ceonomy. And they arc 2 small, but absolutely eritical, part of our nation's R&D portfolio.

Let me emphasize that this s an ideologieal chotee made by the congressional majority,
nat an economic necessity, The President’s balanced budget preserves critical science and
wechnology investinents,

The congressional cheice reflects mispuided ideology - the view that the private purkets
will immediately replace lost federst support snd continue our techaological leadership in the
world,

Fhere is no doubt that the private marketplace 13 the prime drver of science and
wehnology., Thure is no doubt tha the freedon to compete bas made this naton a world leader
in information technology and in lelecommunications, 1o name Just 1wo areas of success.
Competition improves the quality of products, lewers prices and mercases consumer choice,

But the markeplace i3 fallible and can f2it to devote sufficient resources to research and
development -- esprecially long-term, risky projects whose benefits are difiicull for any single
firm 1o capture.

Markets themselves, and our econemy as a whole, are facing new challenges that make
our present support of future technologics even mere importunt,. Ag o nation. we face twoe
dominant rends: the noreased glohalization of markets and the st pace of advancing
technology. We face relestless competition from all sides, at home and abroad. Companics now
- Jneasure pmdzzu iii'v(,yi,im mn zzmzzzﬁ‘zz“ not vmr\

Hisa fact, S;mrmd }}v e c%mny“x H1 aur {.mnomy lhai i‘&murican lnmnm today 'ipCIld"?
”mziy about S pcr{:ca{ {}i’t?ﬁcz: R&D doilars on baswc ru;earoh

1

1tis a fact that public and prwdtc sector'investment in R&D in the Unied Qtaicf, h*‘zs bf;’cﬁ
anemic for more thana decade,

o



[s 2 act that premier US. lngh-techaology fiems continue 10 reduce long-tenn {&5
investments, iastead focusing an short-iemy prodoct conunererslizaton, Since 1992, componics
hke AT&T, General Electric, [BM, Roduk, Texaco and Xerox — warld conowned {or their
investment in long-term R&D -- have dramatically reduced their BED sponding.

imz% a fact that our foreign competitors grasp the cconemic importance of research and
developrient Japan currently invests 35 percent more than the United States on g per capiia basis
wid recenty announced plans o double the country's R&D spending, by the year 2000, Germany
snvests 30 percent more on the same basis. Bven emerging economic powers like China, India,
Faiwan, Stagapore, and South Kotea have been agpressively promoting uwcszmuzi 1 and
deployment of technology. Just this year, Chint announced that it wall incrense publicly-
supported R&D by nearly | percent of GDP by the year 2000,

In the absence of private-public efforts, will the private seetor siep in7

That's not what the evidence suggests. Independent analysis shows that over the past 30
vears 4 degrease in federal funding of R&D on average is followed by a decrease in industry
spending onr R&D on veor later, In other words, lower federal spending in the future will be
muatched by lowa private spending.

We cannot, a8 a nation, afford 1o spiral into technological obsolescence, particularly when
rechnedogy is bccetzzirb more important (o ceonomic growth and quality of life — notless. Tobw
u :*z;*c,tzlzv*, our nation st balnce aui i‘x*;eé,g?gz st ensury that our ‘&‘{‘zl%u& contnge by i 13;;

center of mnc.wau(m aumuhg el wiu-ﬁ <>31<,‘1i d{l»f&ﬁ(:a,°
Technology underping America's fastest growing industries and high-wage jobs.

That, in thie end, (s why e President’s vision -- and plan -~ for a strong and prosperons
future maintains mvestmenis in science and wehnology, including pragmatic industry-led
wechaology efforts like Commarce’s Advanced Technology Program; wehnoloyy transfer
programs like Encrgy's Cooperative Rescarch and Development Agreemiernts; support of dunl-use
teehmologies, trough the Defunse Deportment's Technology Reinvestment Project] and woil 1o
gnhance markei-ted solutions to environmmental challenges, ke the EPA% Eavironmental
Technology lnitiative.

This 15 work that must not be abandmzcd.‘

And that fact is ruc%mmd by busmcsses and acadernicians wha reject thiese prop{;ﬁeé
culs 4s unwise, unaccppwbic dnd unhecessary. '

Consider Robert Cross, chiel exceutive of Nanolhase Technologies Corp., a tormu
participant in the Advanced Technology Progeam. He said, "F'm a Republican and fiscal
conservative. T hate government programs... . But tis one works.”
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onsuder the fostitate for Bleaneal and Glecronics Eogineors, winch warned gt the
"current proposed cuts to Federal RED funding {are] shortsiphted, disproportionate, detrimental
te the profession, and potendiaily barmful 1o our coonomic and ehnological competitivencss.”

Or consider the Industnal Roscarch Institute, which prudicied that the "proposed cuts
clearty will have 2 long-range inpoct on idosuy’s capacity 1o canry on technclogical innovation
and compete globally in the next century ™

This is not about "basic” versus "apphied” R&D, a3 some have tried te cast the debate. As
you all know, those are simplistic, artificial, and unregiistc distinetions, This debate is about
cnsuring that our nation has at it disposal all the wols necessary for generating new ideas,
promoting innovation, and helping American companies and workers conpete and wih in the
global economy.

Qliver Wendell Holmes once said that "|t]he life of the law has not been logic, it has been
experience." Yet today's lawmakers scem determined to barm our nation's competitiveness
through bad logic that ignores experience and the facts.

By contrast, President Clinton has emphasized that bis budget is based. not on ideology,
hut of a firm commilment to sceuring a strong, prosperous and optimistic futire for this nation.

Thatis W'-“:ll the Presidents balanced-budget wiil sccomplish and that i why i must be
enagted uoe -

We can only be successful, however, widt vour imlz‘z Each of you, in this distinguished
sudionee, must mmke your viows Known, urge you o i,zmgga,s% what vou and | both know —
that the investments in scicnce and technology - like the A?i L TRE, CRADAS, and
Environments] technologies -- must be maintained,

fZven when that fight 1s won, however, our work will not be finished. We must confront
doubls abow the heritage of the Scientific Revolution.

The Scientific Revolution helped intreduce the idea of progress because it was, after all, a
profoundly democratic change, 1t meant that the truth need not come from the ancient scientists
or established authboritics. It meant that truth could be discovered by anyone and that any
persan's discovery or opinion was worthy of as much respect as that of the most revered seholar.

, !i} Ope ninb opporiunity, it unleashed L,I(.(ill\’il\’ and HNNovation.

Iniiu:d it is not, 1 believe, wholly coincid;::mal' thaf the creation of modern political
democracy follewed the Scientific Revolution: the Age of Enlightenment and the fmuldmg of
this great natiom secured upon the principle, which we have ever worked to realize, thal in the
political reatm ay well, all of us are created equal. '

Nor i3 it whally coincidental that the authar of our Declurstion of fndependence also
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wrole that "Science 1s more important in a repubhic than in any other government.”

In other words, our nation exists not as heirs to dynastic conquests or ancient empires, but
as an experiment in democracy led by people schooled in the epic of the Scientific Revolution.

But to attack the pursuit of science and technology is wrong -- and tself dangerous.
Science is knowledge and technology is a tool. The knowledge we have gained and the tools that
we have used have improved our lives, safeguarded our children from disease and created jobs
and industries for the benefit of the nation.

That is why we must keep in focus, however, what the founders of the Scientific and
American Revolutions kept uppermost in their minds: That knowledge and opportunity are ours
to achieve.

After aliit is science and technology that help us to discover the nature of global
warming; the hole in the ozone over Antarctica; the means of communicating knowledge acrase
great distances. It is science, carried on through the GLOBE program, that permits children i
over 1,900 schools and over twenty countrics to monttor our environment, share their data gond
learn the importance of science by doing science.

‘That is why we must remember that the legacy of the Scientific and American
Revolutions is a story of optimism and a causc for hope.

If we are determined to ensure that technology will create new jobs and new markets for
new products and new services, then we can work to that end.

If we are determined that information technologies will enrich the education of all of our
chitdren, then, as Prestdent Clinton and | recently emphasized, we have the power to do that oo,

_ If we are determined that television will not isolate us from one another: then we have (he
yower o strengthen communities and families.
B

[ began by telling a story about one Nobel Laureate. Let me quote another now, When
g hj g

William Faulkner won his Nobel Prize in 1950, he was celebrated for a body of work that

included "“The Sound and the Fury”, a book whose last hine said simply "They ¢ndured.”

BBut when William Fautkner dCCLplLd his Nobel Prize he did not counsel mere aceeptaney
of ﬂm. Instead, he said: "1 believe.that man will not mt_rt_ly endure; he will prevail.”

We can stop supporting science and technology and Lducalmn and yet we I]ld)" Lndun,
Butif we are determined o prwatl we niust do more.

Last week, President Clinton and | travelcd to San Francisco to announce a private cffait
that will, by the end of this school year, make Internet aceess available to every Caltfornia K-12
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sehond and that will wire 2000 of the K-12 classrooms i that state.

These commilments se 8 major step forward: but, as we made ¢lear, they are enlv
beginming. To be effvetive 101s not enough merely to have comections] to b effective educniion
isedf must be enriched.

‘That s why the President and | made plain our national goals: To ensuie that pvery
siudent has access (o computers; o ensure that cvery clagsroom is connected to each other wnd
the outside world; to cnmure that teachers are frained in the use of technology; and o boast the
creation of challenging educational software.

We made i commiunent o establish these goals as a national vision of what we must do
to enhance the futuse of our children, This fall, we will mect witd businesses, staie and fogcal
governments, teachers, and parents. With them, we will create a national vision that w1l e
implemented and led by communitics and parcrsts across the nation.

Through these efforts, and with the spivit of optimism that has alwavs characterized
invention, we will prevail,

The Draper Award is, in my view, is a symbol of that optimism. Past wisners include
the developers of the semiconducior microchip, the jet engine and the first generslanurnose
programming language for computers.

These works demonstrate concrotely thar we can busld and wosper ogcther -1 we s
willing 1o expand our knowledge and invent sew wonds I we build on experiener and facts snd
ignore hysteria and blind weology,

It is the responsibility of an mformed citizenry, but especially of vou, whoywatk every day
as heirs to the Scientific Kevolution, to remind and teach and counscl cur fellow aitizens; o
remind and 1each and counsel them about the prospect of scientific and technolnygicnl
achievement -- and about the hope that it brings {or ewr future,

Thank you.
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Urepared flamnarks ol ¢
Vice President Al Gore

Amariean Assaciation for the Advancemend of Science
Baliimore, MD
February 12, 1996

The Technology Cliallenge:
What is the Role of Scicnce in American Society?

Over the next three days, T will be delivering three speeches on America's technology
challenges.  Tomorrow, in Vireinia, 11 aske How must we update our nolions of salf-
B & i
: i am i ar i e T 27 Aednesday, &
government “md bring them into harmony with the Information Age? On Wednesday, in
Philadelphia, Pl eclebrale the 50ih anniversary of the ENIAC compuier and ask: Are we
providing the spark (o agnite pr 1\’ai€z innovation, new industries, and | batier jobs?

But todday, before this extracrdinary collection of minds, P ask the guestion that in
many ways nast precede the others: What s the role of science in Americsn society? Why
daes science maller anyway?

These are comples guestions, Amd ne on¢ porson has all the answers, | cortainly
dan'l. Infact, before o proceed Turtbor this morning, T want (@ recalibiate vour
cxpectadions. Ag vou listen during the next half- ilum' feel froe to think cur sessiny as o

Biology closs. But don't think of mw as theprofessor. Think of me as the froe

S0 let mie begin by desaribing adeep - bat littie nolized - change in the pond of oy

pitblic Tife. WNot oo long ago, the metaphors of science migrated casily te the realm of

Iu'“-l*' tical wond cconomic affaws. In }Hcvif'm% sengrativns, the logic and linge of science -
from Newtaning phiesics 1o the industrind saience of Froderick Tony ylar - mformed our public
convermation. But not waday — o at Jeast not very often. When when | day that ouy
current, chaotic political cofture reminds me of ii‘r“t Prigogug - fhat because our systan
has sore and more crwrey coming by it will i\l‘\'a_i%{iz;i““, 2&"{.-?:.;‘,&!12212.‘: iseif inte a complicaied
and anpradicible pow systam L pobaedy has a clue what Pintalicng about

At result the Inneunge we use o disces pub woblores b loss vivid gl Jess
vobast inn 1 onehe fo b i,?.um Hieory sy i fq clies tm when soveripnent should
intervens 5 the ooy, Lconomic polioy pe rhaps sheuld focns Ea,.a,«. on Tprinuag, the
pomp® - hore an "impnatpg the JNA %-.oiu-:(m cauld olfer msight into our sooil
structures, B sUUnnmonient, wy zi‘j\ e vog xh,)iiidl\ e even b egin wzr‘f. disenssions.

Wi cathig avoid sclentific nwetaphioss altoserher —~ o we koan againgst the ereh of

Pcdnteiad ;\.-'\l- zzzz-i.\p!zm's‘ that ore oafintering with ases i;‘a rartcniar woy conbinoe to z’z:-i}'



on the mtaphor of the faciary - of mechanized oo prodaction - well after it has
exhanstad much of fte supportive forre,

Sa today, in the spirit of academic inquiry, let me propose an alternative metaphor
arcupdated metaphor . a metaphor more appropriate o the tmes and more
musculnr 0 s power o explam. I s the mataphor of distributed intellipence

-

Py H'Kw i?ﬂ"llliﬂi}é‘, Ur the mai E{f DR C(*i’l['?lli‘&"' el “QHI!‘U!(’Y‘“ I‘Q}iiﬁig ﬂ]{'{l(?"ﬁl Iﬁfiiﬁy Ol
hage central procassing units smioum ad by large fields of memory: The design was much
fike a mass-production factory. Tha CPU would send out to the field ok merory for raw
infarination that needed to be ;Bwa.w:z{zd bring it back o the center, do the work, and then
distribrte the answer back into the field of memory. This technique performed certain
tasks well — capecinlly those that benefited frony a ngid hierechy or that depended on the

outer reaches only for rote tasks.

Then along came a new architecture called massive parallchsm. This broke up the
procossing power into Iots of tiny processars that were then distributed throughout the
field of memory. When a problem was o (,wgili*‘m, all of thye proecessors would bepin
working simultancousty, t.:u:h purfarmring s small part of the task, and sunding its portion
of the :mmvu 10 he colimu with thi rest ﬁf the wark that was going on. It turns out thay
for most problems, this approach is more elfective

Bt somehone this idea, revolutionary as iowas i the compsster warld, sever
travethiad to other regions of our Hife - and didirt come @ u’w‘%i}rv nuar potities, And that's
a shanwe, Hecause in fhe realnt of politics or sconomics or g?z.hl.{.p{}:my,j?w metaphos of
distributed intellipence has enormous explanalory power, 1 offers an insight into why
Jemacracy has trinmphied oves SOVErTNLIS that dependad exclusively on a central
muthority, And it dhaninates w !zy private suclm' oremngations are s%wddiliv thalr nuddie
lavars and pushing power, information, and mflaenge o fronthne workers, Taken a siep
forther, oven hudps ovplan pleoamena as diverse a2 virtual vonpnantiies on the Interned

amd whevision proprams ke "Ameriors Famnest Mome Videos”

Al of wihichy esines a (§§3t:“[ix‘=é‘z sirch Bl they one d 22\“ Vorddin asked o i:%:ét vk
whien the Prestdent signad intle nw Imdownk leeisioton 1a‘im%1mw A
teloconynunicatama, As | teied (o explain something o her during the bl
creremoeny, ¢ ?iv - ;;{*tu’liiy Bep chrnclor, Brngsiine the SUNIFHEOT o asked mie i Vo i\:nnw

it
IS zzmy

5o much, how come youre not signing te Bil? L other words, # ihis is such a o it

mctaphor, why himo't it taken babd?

plords one possible explomitions Dve gotdwieng . Porbaps the mctaphor af
dhistrilyatad mlf.iffwu Hah wn‘p!x TR p{ I R R ! tred o
1 T
- o Fleres anethor posssibihiie: thegoorensnm, wvmmu Athon Ol soc u,i's' ~ A gl alar, the
sogptenbahmd ol schentitie dieipliees A0 hede Baa s theocieptifie voanmnite and the

s veraiiy comnmonile viibody e Bleal of chatrdasted inzwiii;*;zzzf:s.:. T ,*rn.h% AU LS
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sebenes doerives in it feonn ;T-px:t.jf;}?i?;:ii{_zi% il {%if}gfi}}i’i{‘,{js‘ Hut mueh of the oW sine
comes from open criticism and commuumcation agross disciplines, Indeed, sonw of the mos
significant discoverios have emarped from the productive friction that occurs when
different perspoctives rub against cach other and produce the spark of new insight. But if
the physicists don't talk to the cheniists, and the chemists don't talk to the economists, and
if the econdmists don't talk to the cimatologists, then distributed ielligence is more
aspiratiem than reality, 5o a second explanation for the sbsence of this metaphor is that &
describes o phevomenon that itself disappearing,.

Finsily, hare's a third possilality why the notion of distributed inteiligence has not
migrated 1o our public conversation: the growing disconnect between science wid
democracy, Walk throuph the halls of Congrass, s you'll see the Gueg loalurs of
corparate iobbyists, but nol the white Inb coats of American scientists. Page through a
directory of members of Congress, and you'll find well over 130 lawyers, but only six
scientists, two cagineers, and one science teacher among the 535 peaple in the House and
the bepate,

A vesult, seientific concepts sometimes clude the vast majority of our clectied
officials. That s inherenty unfortunate, because we want weli-reunded feaders.

But fet ma dwell a moement about some of the harder vds?c{l consequences - i the
Fopes that iwill solidify my case for Hns new metaphor Lack of scientific undarstanding
undercuts suppart for e pursuit of (urther understonding, which fosters degper ignornes,
which i b further wrodes suppeort for battling that ignorance. [ n vicions oye aler.

And s already vnderway, Lagten 1o what some members of Congress have boeen
saying recaly.

T ek after tha Nebel Prize tn chemistry was swiarded to saentists for ther
wirk on ozone depletion, Texas Congressmman Tom Delay soid - andd P quoting -~ "Hhe
science wderiving the CFC ban s debatable™ The aorecment o ternmnate the ase of
CFCs, by sand, was “the rasult of o medi scare”

Congressman Deday alsa safd that DT was - and Pr quoiing - "not hassdall

And st o fewoweeks ago o a bearing, oo clemn drinkong, wiver, Oklaboma
Congressnun Tom Coburn saicd . mud i queting, ouce aghin to assure vor P net making,
this up - " want o reush an aryprosporidium for o minate. o this disease con somciines

by x>’<‘::‘_\" ’zza:}p['u!,:ixzf:nu::a: H Iiuz!;x;_ TS £<iuzztify thome wha ?z“'z‘;‘:é Ry émmuzw'cmt:pf‘amirzc;zi,*”

Thicsa (nzzzmwii» mzuizi i) s med shivers v, our BB, eciuse thay sugeest that tho

im!m o sciontific ‘uvmplmz 15 trer Ev the symplom. of a deepur tfl‘»]l.‘,’a':ltl {u; wctcm sl
and further prool of he Vicious ¢ yohe | ne pione wd o :n ta z‘z}u‘amm}ix “p0.
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And that's precisely the epprosite of how it should waork i Amwerica. For much of
this century, Americans have benefiled from a virtuous circle — n vinuous cicle of scienee
andd succuss. As the nation penerated wealily, a portion of that wealth swas nvested in
resenech, science, and technoloagy. Those lnvestments helped answer what scemed
answearable — and cventually spawned sl preater wealth, which was then invested in st
more research. O and on it woend, I this virtuous circle -~ Iaunched with Dipartisan
mgracinent - prosperity genernted fnvestotent, Tnvestmerns generated answers, and answors
pencrated furiher prosperity.

Bat now - because of the woelu! Tack of knowledge thal von just heard - that
virteous circle risks coming undone. At the very mement a new age demands continued
mvestments in sclence and technology, there are some in Congress threalening (o turn the
clock backward with the largest cuts in 15 years.

In their most recent budgat, according to AAASS own study, the Congressional
ic wlership proposed reducing federal funding for scence and lechnology by one-thard by
the year 2002, adjusted for inflation. And get this: several years after the Cold War ended,
defense R & 113 going up, while awvilian s\&‘ D is going daown. Mere for Star Wars, less
for cnvironmental research, At the very momen <*i¢:)%3ﬂ econoic competition and giobud
cnvironmental degradation denand & ilinn rose; szc'z and the techngdogies i often producas,
this Congress 18 proposing thae sharpest cuis in nondefense research sinee Amearica was

v

fwn‘ g ‘&"-:)z?d Winr 1.

, This organization's study o' few months ago fald cut the nonsbers plain apd simpie,
The only investment the Congress wants 10 morease was in health sciences, And that's
greal, Bot in almrost every other raalin, thev're approaching scivnce with all the wisdont o

a patted plunt.

Kesearch on igsees that will affec the healiiv of our ohildran, the condition of our
planiet, mad the vibrancy of aur eoonomy - risks being slashad o the bone, Global
watnning ... downs Supercomputers . desen, Nuchar poppeohifcnnion L dewns Now
wstarials L L way downe Solor cnergy o way dosn Envirannaniol salallites L dowrn

Woter gunlity o L down,

£l

s il thoy're Hving oo gnvity-defyving aniverse, Bvarything that ought to be up
8 Jdoweny, T_A.t‘[}‘ihll?" tint aughi to be opan s osed. Thaeir scionce podicy 5 straig il o
of soience Ticnon, A Lew ny ialk like ?fiiiziiﬁ}' PANICHNG, D e snpoest g,vo%ia,‘i{:r;
dastuned for Frad-Fii Hustone, Thoy promise te bokdly oo where ne Congresa-has gone
hufore, Imi their i’%ii.;%z[ péa:z‘.w,i!}‘ i;r!:x: trs i;'zm the };rmmd ‘ - -
i“zcsga ent Chinton setoad nf..\mni of ’mtfa muzzalmn'f thuse culs -- bt not %"af:{ma
st sihedr side shut down iim S e, ami iw?(mz*hmi l!‘smzx.nu soaf poveriument
Aved Fiohl nos, soveral amencies - ine nmlzﬂ_ul i, thie Naional Seence Formdation

srlendings,
shasent s,*n;m”;hk to plan pued

e are Spitoring stong wodly Stapoan bancding FHa ks 1
THH |s§‘. cvess Lo Dinance dave o dav orsieiine,
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And that's precisely the opposite of how it should work o America For mwsh of
this century, Americans have benclited from a virtuous cirde - o virtuous gircle of science
aud sucoess, Ag e nation ponerited wealth, a portion of that waealth was invested in
research, science, and technolagy, Those investments helpoed answer what scamed
answaoerable -« and gventnally spavwned still preator wealth, which was thon 1nvested in st
mare research. On and on i went, 0 this virtwous circle « launched with bipartisan
agroement - ;ncmruliy gvf_nem%u} investmont, mveshmaent yen{zr"éied angwers, and answorsy

ganerated further prosperity.

But pow - because of the woofud ek of knowledge that you just Tward -~ that
virtuous cirche risks coming undone. At I!i{: vary mnoment & new age denunxds eontinued
myvestments i science and echnolopy, there are some in Congress threstening to tarn the
clock backward with the largest cuts 1n 15 years.

in their most recent budgel, according to AAAS's own study, the Congressional
leadership proposed reducing {ederal Izmduzb for science and technol logy by ong-third by
the vear 2002, adiusted for mflation. And get thin several yoars after the Cold War ended,
defense R & D is going up, while avilian T\éi D is poing «;izswﬁ Maore [or Star Wars, loss
lor environuneaial rescarch. At the very monent 5;[(}23“; ceonenne competition and globn
shavironmentnd degendation demnnd civé’ii‘m resenrch and the e moft;w: s it ofien ;umiu&:,,

this Congress 1s proposing the sharpest culs in nondefense research since America was
fiahting Workd War 1

This organization's study o fes months ago bid sut the numbaers plain and simple.
The only investment the (_n,zgju,:.i:, wWanis 0 increase wias In health sciences, And thaf's
greal. Botin abmost every ather roalm, ifm}*‘s'zz approaching science with :z%i the wisdanm ol
a puticd plant.

Resonreh on i“‘%l‘(*“ gt will alfect the healih of cur chifdron, the condiion of onr

-

phagel, Aans the 9ibancy of oor g o Fisks %‘n.;;u siashed oo the bone, Globad

warmning ... Jown. Sif;'mcz‘cm]‘mul::m L down, Nuclear ponproliferation L down N
miterials © L sy down Solar cpevgy L Dway ddown Eovironoeniol satellites o doewn,
Water quality  _ down,

s Bke theyre Tiving oo geavity-defying miverse, Bvaryihing that aughd 16 be up

s down, Bve :vE%znw that usz;_;!zi Lo b opoiy s closed, Their scicnce policy is straight out
of seience Tietion, A few may talk Hke Jobnpy Muocmomid, but most support pobcies
designed for Frad-Fiimtstone, They preinise to boldly gowhere ve Congpresihas goue

iefare, b thoir uw,ﬂ p‘.m will, -..sz e inm 1]1;:’310&311&\ : ) e .

P i(.‘\iifl Nl Clatlon vcloed sev g,ml ol Iiu_ miia {ummmiw those cuts - bl nol ’nafm‘\:
st sther sidde shut dowie the ooy Granent, e furlotg st Chousands.of sovernment’ <
r:(.’i'\‘lﬁlﬁii; Al ni?h! Py, ‘»;v\:z':mi spancics - reparticndar, the National Science Foandation
o vy spnsitering ;z?u;z;.; with stopeap tinedio that makes i3 abineas m;p{ma; 1'.<* {53 plan agsd

hilthot dvent to Bnnnen doy (o ‘f v actividies
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Bat the saddest part 15 that 3t deean’t have o be this way. Last woek, President
Chintun proposed a budgct outline that lends to the first balanced budget n seventeen
yearg, Andd he pefs there withou! compramising our valugs, without abandoning our
comimnitments 1o education, the environment, and science and teclnalogpy.

Of course we've pot 1o balanes the budget, but there's both a sensible path and a
dangerous path that can take us there, Consider: federal invostments in basic rescarch”
aow total D27 percant - that's (627 for any hananitics majors in the crowd - 0.27 percent
of Americn's pross domestic produoct, That's considerably tess than American housebolds
spend cach your onopet food or braakfsl corcal,

Only a few years ago, the United States - public and private combined - invested
three poercent of its GDP in research and development. Today, #'s sunk 1o 2.6 percent,. But
il that weren’ enough, consider the long-term consequences if thuse deep cuts are irmposed:
by the year 2000, for the first time in history, Japan will spend maore on research and
development than the United States, inreal terms. Not more per capita, or sore ag a
portion of thetr Gross Domestie Product, More. Perntad. Even though Japan’s economy is
considerably smaller than ours and its popelation is about hal I our size.

i our guiding e :zphm is the [actory, such proposals s Aol seom eutlandish, After
adl, the gosl af tha !:‘mu;y is to erank ot more and more of the satw thing at a Jower and
lovewr cast. Shaving o e here and fittle there is smart busmass,

Batif the guiding metaphor is distribuied intaibgence, such proposals ara teeribly
misguided. Because dast‘ibz*i\,d iteliigence combinad w’fih this virtuous cirele of uuz«.
and n:ﬁ-“:%s'c‘i! ix needed now more thap ever, apd hag ajread vomade a difference i this
counivy,

For instance, the discovery of the structure DNA led to new drugs {or Low Gebrig's
disease, The Hubble Toescope, Desides SPENING Bew vistas on oo wmverse, helped
]*--f-zc?n-x to s breatiments for breast cancer. A tadenativesupporied agenay, the Nations
Acasdonie of Scunces, seendad the fst slorm tha chiorofiorocarbons swere wredding e
PR I.zf ars The MRE was a pradugt of four separate discoverias i foa separaie fgidy o
seictific mguiry. And the Fansn Ganenee Project i now detennining the focation s
seguence ol an estimated 100000 hoorn genes, nad - genernling now strotegivs (o battle

shhrons g ddisensa,

owve alensdos: our cornmddosent bee scienve, and a0l o mesdersiand the provey of
distribited wrelligence, this is what we'risk fosing - the chisotic, '{mvolu& o wpeediclsbig

broalihieughs that Dasie soience.- p mhu s,
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ez v abs sislc fosing w:‘ii}h‘[f?i&\“ CYen PR ’w'mm ant, Cthe offerts of which couhl
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Howondd De trapuy i the pichost nation on the plimet, I} et it ncton, tald e
oswir future that discovery doest't matter. Anybody who has Kids - or semombers b
ane - kpows the {eracions i“iillﬂ%zf} that Babbleg in our youngsiers. s caplure {m?
ardd ask questioag about clouds and wonder how cars work. Kids like you never stop ppudd,

Best if wi extinguish that natural creativity with a fire hose of necdless reductions --
il we broadeast an anending stream of signals that discovery doesn't matter, that science is
for someane else -« then all of us will pay @ emaotional and lipancial price impossible 1o
caleadate. And i wa (il 1o rdform owr schools ~ away {rom the needel of the factor ory and
toward the model of distributed incllipence - we will have only ourselves 10 blame.

Fortunately, Prasidanst Chinton s trying to do better. On edducation, he's rmade yenl
progress .. . launching direct student foans . .. opening the doors of college o more
Americans . establi qhm;, education stundards so every diploma means something L ..
promoting education technology in the classroom | ., proposing, a tax dedaction far
families' investments in higher education,

And on scrence and technalogy, he's also scored big -- 1 large pant because he's
Liclded » scientific dream team. Jack Gibbons has becomae the nwost influaitial science
aavisor the White House has seen in a generation. Cabinet seorctarieos like Bruce Babbit,
Koan Brown, Carol Browner, Hazel O'leary, and Donna Shalala have {ooght for a cleane:
enviraninet, a strang technolony base, national laboratorics, and bealtlo g research. Lan
Goldin bas helped take NASA {0 the slars, while keeping the costs hove on Earth,. And
every layer of the Adminiaumiion g ;?af{s;;iu\i witho wanren sod men doedionted to discovery

And That team has deliverad resulls, We've extended the R&IY tax eredit far thiee
yoars oL Tosvered Snpatal goons Lades Tor investmants oy cinarging conpanies | sealed
back the anti-trust barriers (o joint ventures i research L. . beeted up protection of
telicctunt property, piviig inventors real protections for thaeir patents -, boosted funding
o the notion's Haeship vezearchunpencius . monchiad oo cducaten ahnalegy mitintive

+

cestablishand the Notonad Science and Techinology Conncit L sopported resgarely into

shobal Shoate change L L and wosoeed oy arvtionmenial rooniatimes et the fests o

COBBON Sense and cutling-vdoe saence,

Rt w cansob do it alene, That is nod how democracies warle Aved this s whoere
VR 1:0;22;_: m. Demewracics, oo, Jepend an o {\t:tbtzlud intutligence. And his demacracy
rezads the sound of vong voleesaad the dedication of your Bearts, Yeu gust loka up tio
call for knowiadge You st cilist it acmy of persisasion sohose battle ary ;aa,\":%
LlEO‘ML\i"’z_‘ ) 1:;;;3{! fland fon koo aimj% sare Bedapse when vau soy something is ‘
Aemportant «ad vene sav b wit *éfm'-iz farca - othens might poy attention. Bal i ven
Vicw \m;; vy st of f\.nﬁw;ui-u as divorond o Hw nations pursai of }?ZQ“I(«R%

.

iullz A SIS witl fnll shodt of their ﬂ'uz?

2 soneen, ot the eduee O g rew dentary, wo luve acheke ol fovo paths, One path
vetrents feom wdorsisadding, thachvs inthe face of ciallonges, oad disdoios learaing, s o

i
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Kiowspothipg society - o suciy in which i!w storchonses of knowdadpe dwincle, the
spigots of disenve ry ave twisted and wurmed off, and inissions of explemtion are stalled on
the ground. This knowenothing society bases ?i.f’l]i ions an suspicion instead of science,
says that DIDT isn't barmiul, and sdaims that alobal wanmning is the omnpirical cquivalent of
the Easter Bunny.

That's the path we will be torced onto if these Conpressional culs become the faw of
the and, because seatiered throughout their proposals are cuts in fonding -~ andoutrighy
prohibilions o researah, The guiding principle is an ofd srwin? appited to a noders

nation: wiat we dor't know won't tuat us. Troubde s, that's the recipe for destroction in g
distributed mtelligence society.

ut there's anothar poth - infinttely brighter, considerably more American. It's
But there! thar patl finitely brigit lerably A ity
patls on which gpoverriment continues funding basic saence and applied techinology. ii
path that keeps the virtudus circle of progrins and prosperity alive and functioning, It's
paih whose signposts say "education is a matter of national secur lty * fenvironmental
orotection 13 a matter of natiomal security.” It's a path dotled with investiments thal open
the doors of education 10 all nur peaple. It's a path that apphies what we've Jeared from
science to the rest of our vy,

And it's o trail that's within our pdwar to blaze. We have in our hands and our
minds and our souls the power Lo create this learning socicty. That's partly what this
year's presidentiod elections will be all abouw,

Last year, another Preselont «- Clhuck ‘*’wz Prosivaent {:n' MIT e degided 1o ]'u'v:;z:*n‘- jits
annual report o a series of questions hig [cudty old ham were the most urgenl ones in
thew fields. Wihat b told s inodhnt repar unm:z:«m{)zes the nead o agebiver v these {:mr:é;t!
mvestipents in sdehce and technolagy,

Flo o ranided un thi wee dont™ Roow "wliseh aspeets of alimaig iz'znn are

Procichabie™ And we ead 10 Roow,

Wer (onsy’t Bnow "how Dest (o ase our informatan Infrastruactre ad new nusdin o
prodnote barning amog childrsy” Aoed wo need 10 know

W ddon's know Thow ey pradiuey noteringg \v%%?‘. TR L ALY l> ;)Itmm A we
flowd 1o Doy

We don't know "how toaasieet all the enorgy Drom existing teed sooeces” At we

*

sweediiaknow, T R ) : ) . A : ) .

W ot koovwe oy msdd weloeegdh die)” Ao noed 1o o,



W sdan't know "how koo obhd the mnvense s what i moade of) or whn! 8n iae
with e we oo nob undorsiand what mechonism caneratan mas v e ibiling blocks of

matine" Adud we noed {o knowe,

We need 10 know these things, We need o anderstand these things, We need o
discaver these Hangs.

W need te crente o lenrning sociely, a soclety that harnasses the power of
distritanted dyleliipence and uses 10§t our dives, And as the very embodiment of thng
ideal, vou have an abligation to help make it nappen,

As always in America, s possible -- bot it's up to s, A3 alvweays iy Amaricn, its

possible - begause iUs up o us, Let's got 1o wark,
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Romarks as Belivered by
Yier Presudent Al Gore

Commencenment Exercises
Massachusctis Institute of Technelogy
Cambridge, MA
June 7, 1996

Dr. Gray, President Vest, siembers of the MIT Board and faculty, Mayor Shota Russcll
parents axd familics, alumnd and ahnpnee, students, and especially those of you who are
praduating sensors:

Thank wou for inviting me this moming. 11 s fruly an honor to be MIT s Commencement
speaker, 175 a pleasure to return (o this city where | myself graduated 27 vours ago, from g
school just up the river.

‘That school, Harvaed, and MIT have had a long and sometimes tumultuous relationzhin
In the cardy days, beginoing in the 1B60s, Harvard tried (o absorh MIT. But this school's Ionm.u,q
and very first President, William Barton Rogers, fought back. Me was adamant that an institution
devoted to fostering scientific knowledge and a hiberal education must remain independant,

Many things have changed since those days. For example, tuition for fissteyear studnits
in 1866 was $104. ' ‘

President Barton. incidentally, Hirerally gave hs file for this institution. When hesafayned
after his retirement o deliver the commencement speech in 1882, right in the middle of his
speech, be died. Asaresult, L ave the rare comfort of knowing that whatever your reaction
today, | will not be semembered as the stiffest speaker in your school's history., T am fully
arepared, however, (o be remernboered ae the second stiflest,

In preparing for this spesch, | engaged in a dinlogue with the graduating class by way of
thu Internes and vour university's conputer nelwork, the Athens systonn,. More than 100 of you
responded mosome detal and [ thaek vou very much, For thase of vou who didn'teesysnal, |
know who you are. | read every response thoroughly - on the Workd Wide Web -- and 1 hunnod
a great deal. Among other things, several of you emphasized the fact thay MIT net onky cdposton
serentists and engineers but also architects, hnguists, aicsigncr‘s. CC(){]:{'"}I}li:il:i-, ever poels,

Nevertheless, becausé this s MIT, [ want to sharé sogic: lhi)u;,hls today about, the
. miatmmi‘zz;) between science and technology oti the onc hand and immaukmd and SOCHE i\? an the
- atler,
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When Winston Churchill spoke bere i 1949 he spoke aboat the selatonstip ot seienee
and society. Ten vears later, 10 a celebrated iectuﬁ: i England, seentist and writer CF, Speaw
mtroduced the concept of the “two cultares.” [0 his subsequent bouk, ertitled 7o Coltires. he
wrote that the cuitare of science and the culture of socicty s Titerary arts “had ahnost censed 1o
communicate at all.” He noted that the popular culture in England and America spoke the sane
cuttural Junguage. But both "had nbout as much commuemcation with MIT as though the
serentists spoke nothing but Tibetan”

Why 13 there such 2 gulf botwean soience and society”?

This sehism between scivnee and the rest ol society -~ which began ot feast s corly ax
Galileo’s trial in 1633 and continned with the trial of John Scopes In 1925 i my home st of
Tennessee -~ his not narrowed since the publication of Snow’s fumuous book,

+ Indesd. »::igh!ccn months ago, Sheiln Tobias examined this schism and cencheded that i
has grown worse. “Science itliteracy has entered a second., more pernicious stage, fuching
widespread nj,epeszzmn o seivnee” she said. seting that physicist and scicnce histovian Gerabid
Holton has written that this sew oppasition 1o science “threatens to topple the Enlightenment-
based traditon on which scientific discourse and democratic politics are hased.”

Two cubtures sepwrated by a gront divide.

Oné of the consequences of the widening of this divide is that the metaphors of scion
are no longer migrating inte our popular culture at the rate they once did. 1o the early dz,c:s\zc.\, «55’
the seientific revalution, duving the 17t contury, there was an expiosion of naw muetaphors e
crossed the permeable boundary bevween science and eulture. 1t was more common in thar ers
for individuals to be fully conversant in both sctence and the rest of culture. And there win fuss
0 mastcr before the scientific revolution speeded up. John Stuant Ml was desceribed as "the sl
man 1o know everything.” In that age. people generally seguired an intaitive sense of Newienisy
physics, and spoke of the universe as an apporatus that ran like clockwork, They spoke of soctil
organizations sesembling muchines. Later on, Charles Darwis's theory of naterad selection
suppiied metaphars for competition in économics and 3ife, and still later supplied the lanpuape
for a social movement that misused his theory and borrowad his nae.

But now, m the second hall of the 20th century, while the number of sew discoveries
Howing out of the wiill aceeterat ng sclentific revolution is at least a thousand-fold greator) tha
fiow of these metaphors into the réat of society has slowed 1o 8 tnekle. :
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I believe 1t1s tme tor a new effort 1o build bridges between these two cultores. 1 agiee
with my late friend Jerry Weisner, who said i his inaugural address as President ot MIUT in 19714,
that it is our responsibility "o understand what our learning and discovertes may do to man ol
society, and to transmit that knowledge to new generations -- to . . . leaders who may be wiser
than we in applying it. or wiser in judging how slowly or rapidly these technologies may be
absorbed.”

I am convinced that a more robust discourse between science and society could empower
us to fruitfully apply some powerful new metaphors from science in an effort w better
understand society and better understand the relationship between science and technology and
our society.

Let me tllustrate what [ mean with an example. T have a friend who's an MIT graduie,
named Danny Hillis. A few years ago. he patiently explained to me the workings of a massively
parallel supercomputer by pointing out that the first computers relied on a central processing v
surrounded by a field ol memory. To find the answer to a particular problen. the CPU winndd
send out to the memory to retrieve data, then bring it to the center for processing. The resuk:
would then be placed back in the memory. Three trips. back and forth, consuming precious iime
and generating unwantcd heat.

The architectural breakthrough associated with massive parallelism was to break up the
power of the CPU and distribute it throughout the memory field in the form of smaller., ~.(,|1'=.r,.uc
processors, cach co-located with the memaory 1t processes, 'When a task has to be performet
of the processors begin to work simultancously and process a small quantity of information.
Then all of the separate parts of the answer are sent simultancously to the center where they are
assembled. One trip. Less time and heat.

When vou think about it, the metaphor of massive parallelism, or "distributed
intelligence.” offers a nice explanation for why aur representative democracy is superior to 2
governmental system run by a dictator or a king. Where totalitarian regimes rely on a centinl
processor to dictate all commands, representative democracies depend on the power and insiphi
of peopte spread throughout the society. each located adjacent to the part of society in which he
or she 1s most interested. :

Or take capitalism. The Soviei Unton's cconomy collapsed because it relied on a cenfis!
processor to make atl economic decisions. [t didn't work very well. Innovation withered i
corruption‘took root. The North Korean cconomy continues 1o rely on a central processor, and
' today its pcoplc ‘m, starving.” But LdplldllS( economies distribute the power to-those Jocated
outside the center -- entrepreneurs and CONSUMers, who make their own decisions independent nff
cach other, and those accumulated activitiés create a stable system that marries supply and
’dundnd and- keeps prices stable.



To take sthrd example, many of e baesl fechigues frons the world of managoment -
as graduates of the Sloan Schoot know very well - rely on the same principles of distribued
intelligence., even i they don't call it that, By distribating intelligence and information and
responsibility sy workers on the front lines. organizations are transfonning themselves, serving
customers better, and producing greater vidue,

Each of these examples relies for its success on the same basic architecture. Instead of
insisting that all decisions be made in a single place, the power is widely disteibuted throughowt
the prganization, Bach individual's portion of the answer is then asscmbled as part of a cotloctive
conclusion. In capitalism. w's called supply and demand. In representative democracy it's called
self-determination. In cach case itig esseatial that all the individuals involved share some basic

characteristes: for example. the freedom 1o obtin information that flows unimpeded throughow
the systen.

It organizations that are based on this design. it is crucial that all the individuads who are
part of the organization fuel a sewse of cohesion that 18 based en a conunen zmdcmtzmding af the
organization’s gulding vision, 101 crucind thot they all undersiand the organization's hasic goals,
and that they all share the same basie values npon which a decision can he bascd. whetber it is
made by the CEO or a clerk bebind o word processor.

Some organizations find this cobesion deceptively casy to estublish, simply hecause
they're new, and evervone trvalved has hoen present at the ereation and 1s eaper 1o aevomplish
the goals casdy kept in mind until the mital burst of enthusiosm wanes, For example, NASA put -
a man on the moon and retarned hvn sadely i fess than 10 vears. 1owas an nspiding spring, Bt
once that goal was achicved. the orgeniraton’s culiire began 1o quekly erode nnd has had

Crecently 1o be painstakingly rebuiit,

Likewise. some of the mstitisns of government created b the burst of enthusiosm we
gall the New Deal were remarkabiy soceesslul unti} the first generation of muanogers passed from
the scene, and then we began 1o see buregueritic rigor moris set .

The challenge for any orpanization is not stmply to establish these canditions and gain
the advantages of distributed intellipence. but 1o nurture and sustain this creative state. There's
no better example ol how to do that than the V.S, Constitution, with its checks and balances and
careful design intended 1w sustaim the creativity of self-government, even afier more than 200
FUNTS, fl}ur Constingtion 1. in g sense, the software guiding the np»rdluma ni a4 massivelv pamiiul
sy%iun or prt;&.msiz% pailmal f.in:usmm : :



Our Pounders rejected the idea of' a pure democracy. not as some suppose begiuse thae
iformation wechaalogies of the 18th century simply couldn't accommadate a plobiscie on eversy
guestion. Rather. as the Federaliss Papers make clear, they msisted upon the impuortinee of 2
reflective process. with an intermedinte mstitution placed between the people miud the esorcise v
power -- an institution capable of reasoncd debate and deliberation, which would ool passiony
aund dissit judgment and look beyond the prosent moment 1o the future conscqguuences of the
decisions made.

Many prople feel that valuable processes like these in our soctety are threatened by the
stitl accelerating scientific and sechnolegicnd rovolution. They wonder in this eose, Tor oxampiu,
about the impact of television and 30-second conunercials on our ability 1o be deliberative and
reilective mn our political degisions as a navon. Passtonste beliefs held by a wmporary majority.
whien powcered by the extra force of new wehnology, miay sot be cooled or slowed down st gl by
the institutions of our self-government,

This concern that scienee and technology now regularty unleash forces that ucuten w
seriousty damage some delicate halances important to the fabric of socicty is one of Uk principsi
sues our sociery must resolve inorder 1o establish a healthier relationship between the two
cultures.

Until recently, this dinlogie was difficult to even begin because of a philosophical
nreference (i the scigntific method for marrow spectalization. witch aflen resulied o the spditting
of large questions into smatler and smaller component panis. cach of which was then analyved by
expert specialists —~ independent of those studving the other {:0{1};5032&&:‘11 panis. Not only wag
communication difficult betwesn scientisis and generalists, I was diffionlt botweon spesialisit
once field und specialists i another field, Tlw often frustrating result was g wndeney 1 tgnore
important relationships between the different pants that made up & whale,

As Gocothe said i anger and frustration, "How olten da they strive (o divide that which,
despite everytiing, weuld always remain single and whole.™

" in more recent decades, there has been a new appreciation within scicnce for the stedy of
whele systems, Mere ot MIET o the early 19605, for example, the System Dynimies Grougs was
founded by Jay Forrester, a professor of electrical engineering, And the new emphasis ar.
svatems crenfes new possibilities for a fruitful dialogue between the two suftures,



For example, i;mi* eultures can desenibe o the sovention of nuclear weapons rudicadly
transformued the age-old habit of war, The destructive consequences of adl-out war between
superpowers beepme onhinkable, and o "eold war” emerged in i place, In the ssme way, o
frge cluster of new seeimalogies that enhanee sur capacity to exploit the carth for susenange hus
radicallty rransformed zh relationship between humankind and the global environment. For
example, the air we are breathing i this greut court contains six times as many chionne atonis in
each longful than it did when these buildings were constructed. The same is troe of the air ot the
North Pole and the South Pole and the Eguator and everywhaere on carth. )

The concentrasion of chlorine 1 the eatire atmosphere o1 the carth has increased sixtold
i ondy o fow decades begause of a single new hmily of chemicals invented in the 19308 and
used ia Jarge quantities only since World War I -- chiorofluorocarbons. There wre, so Tar as wo
know, no direct heahh conseguences of hreathing six times a8 many chlorine atoms. Bul the
impact on the varth's covironmental system is quite harmful. The hole in the stratospheric ozone
layer and the increased trradiation of the earth’s surface by stiraviolel rays is a diregt
consequence of this new technology.

Similarly, the burning of fossil fuels by five and a half billion people and the destruction
of fovest fand at an onprecedenied rate worldwide is now Jeading 1o the rapid accumudation of
carbon dipxide and other greenhouse gases in the almosphere of the carth. The resulting globn
climate change is increasing global temperatures, threateniog the disruption of the etimite
balance wo are used to tha has remained relatively stable for thousands of years, Iis also
causing the rise of sca level at six millimeters per year, the retreat of nearly every mwounain
glacier i the warld. the rapid disintegration of important tee shelves in Antarctics, and 0w
disruption of Goportant ecosystems upors which much of the diversity of i on carth depends,

A third potentially destabilizing set of new technologies is what is conunondy cabhed
genetic engincerieg. One gradusting MIT senior wrote that recombinant DNA wechnology
represents "a poweriul 1ol for countless therapies. However it could also be very harmibnl i e
wrong horgis '

B all these exaoples, there is a clear sense that what is needed and what 1s at risk s
balance. The new capacities conderred by new discoveries in science and lechnaology clealy
have a prosmising potestial {or good anl benehieial offects, but simultancously pravoeke
widuspread and deep coneern thit the wee of these cew powers can be disruptive and harmiul,
Another graduating senior expressed his concerns in these words: “T helieve that tecdmology
any form is anew power that can potentially disrupt society, With the current pace of advauaas,
our gociety 1s undergoing a destabiiiziug revolution constantly, Mamtmmng the deficate balanec
that we have achieved hetween individual lbeny and societal needs requires diligence and a
watchiul eye. FPailure w do thiv will Jead to either ¢l 105 {. ard of {hc F ltcs), or lyr.mny (198543,

How can we create a richer, more productive di inuwu abt)iii these ;}{}:ésihililics thal ix



aceessibie 10 mon and women whoe inhabit both of “the two caliures™ .

Let me suggest a second metaphor that bs based on u new discovery 1 science, which
Feliewe has explonmtory power dircetly relevant o the socicty's newd for a discussion of this
problern "Complexity Theory” is o new science useful for describing what are called non-bneny
systerns that exist “at the edge of chaos,” By that definition. our socicty cortainly goalifics a8 1
complex systen,

Here 1s low the suthor Mitchell Waldrop deseribes the phenemenens “Complex svisions
have somchow acquired the ability we bring order and ¢haos inte @ special kind of balance. This
balanee point — the edge of chaos - is where the components never quile lock o place. and v
never dissolve into turbulence exther. The edge of chaos is where life has enough stabihiy to
sustain fsell and enough creativity to deserve the name of life

“The edpe of chaos is where centuries of slavery and segregation suddenly give way 1o
the civil rights movement of the 1950s and 19605, where seventy yeurs of Soviet comnmuninm
suddenly give way (o political turmoil and ferment; the wdge of chaos is the constamly shifiing
battie zone botween stagnation and anarchy, the onc place where a complox system can be
spontarcous, adaptive, and alive”

There are g number of societies in our madern world which appear to be in a stute ol
cguihibriam and badance, But move suddenly toward chaos or otalitarian stagnation,

Constder, Tor example. Somabia, The clans swhieh organized traditional Somali sovicty
aften engaged in confrontation ut the boundaries of their respective territories. in clashes which
consisted largely of symabolic conilict with fow casualties,

The introduction of automatic weapons in farge numbers and then (he mouming of
machine guns on light prokup trocks << a combination that became known as "technicals” -
tragically transformed the consequences of these onee symbolic confliets, and the entire sysien
shipped out of equalibriurm and usto utier chaos.

To take a second example, in Sarajevo, the staduum that was the centerpicce of the
world's eclebration of peaceful competition at the 1984 Winter Olympics became a cometery o
few short vears Ister when that socicty slipped into chaos,

In the 19305, fragile demacracies it Germany and Haly moved not toward anarehy aad
chaos. but z(m'afd zm;;%izzzrianism with ?zon-iﬁc CONSEQUENCEs for much of the world, -+

“IThe chatlenge for- mnféam societies - zzzdzzdlng our srwn -~ 15 of course o avotd eithicr,
utrcmc - gither chaos or stagnation - by matmanuug, the Lbb&(?ildl ba] ance ba,iwu,n stability mnd
creatiy zt,y '
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And pant of tie chalienpe 13 how to uegraie the ehanges that ow ont of new
technalogios and sew sedentific knowledge, the new powers and enhanced capabilities, aud sy
o dx & sourse af energy lor adaptive change i benefis sociely ax a whole,

There is a made! for nnderstanding how such chunge ocours that 1 have found heipful.

Mineteen years ago. as a freshimun Congressman. [ met g seientist named  Hya Prigogine
who had just won the Nobal Prize for Chemisiry tor desenbiong how systema can adapt 1o sudden
and dramatic change.

He described charaecteristes of what are called 7open systems” -- meaning systems where
eriergy or matier {or both) fow in and through and out the miher side. Wihen the llow of energy
i osuch a svstem suddenly and dramatically increases, the system responds in o two-step process:
first, it breaks down: sceond, it reorganizes al a higher degree of complexity.

Societies can behave the same way, when there is o sudden and dramatie increase in the
flosw of energy through the society - autamobiles i place of horses and buggivs, massive waves
of nmigration, new teading relationships with new flows of products, surges of new information
with 1he introduction of new technologics tike televigion or the Internet, First, [ong-stable
patterns break doawn, Then new ones emerge at a higher degree of complexity.,

Societies are valnerable to misinterpreting the (irst stage as o descent into ¢haos and then
overreacting with the imposition of a rigid. stagnating order.

The seienec historian Gerald Holtan wrote. “Histary has shown repeatediy that o
disatfection with seionce and itz view of the world ean tom into fiy more sinister movemens,”
So while we are right 1o mise Questions about the challenges 10 cur secicely posad by new
teehnologies -- as many of you did in your c-nwils 10 e - we must strongly reject the neo-
uddite voicss inour seciety seen in their most extreme and repugnant form n the writings and
actions of the Unabomber.

By contragt, the conditions that meaxinmive a society's ability to integrate rapid change ina
healthy pattern include: the maintenance of the free Bow ol information: the maintenaoce of
strong intermedinte institutions such as familics, schoels. places of warships, civie associaiions,

-and commmunities: and the avoidanes of gross inequitivs. As one graduating senior put it, ¥l fear
thatt technologicnl sdvances, if dorw 1o the wrong wav, will cut off the poor or anvene who
doesn't hiave Q:cz‘,awss 1o ihcz&c changes,” ’

I individuals wz%hm a society ary left behind when othérs gain HOW ;“m& wrs and
capacitics. they can lose therr attachment 1o'the society, begin to fu,l powcrimq and then dgf‘zm
‘their relationship o the w hole in terms of anger and ‘zimmlmu,



For four vears President Climion and | bave been working 1o ensure that as we euter ths
new ape, our natien addresses the challenge of maintaining 2 free flow of intormation. avoiding
HrOss nequities i the access o such knowledge, and in sustaising the private mstitutions that
promote disseraination of this lkearning,

-dust fast week, the President aanounced a new plan to put two years of college anthe
grasp of all Americans - younp and old -- with a refundable tax credit that would make wition
free at most conymunily colleges. We have also proposed mew tax deductions for educational
cosls, fessened the cost of student loans, and promoted as ambitious plan to have every
classroom and library in the country connected 10 the wiarmation superbighway by the year
2040,

Noew intormation technoiogics bave a special power to engender dramatic change in
society. For example, the invention of print technelogy in the 13th century distributed large
quantities of civie information, thereby creating the condstions which made possitide the
emargence of the nation-state and ev entually represeatative demacragy,

in our day. the new technologies of radio and televiston broadeasting bave dramatically
increased the flow of information throughout the world, In Tianenmen Square, fax machines and
CMN were seen by Chinese authorities as deadly threats to eivie order. The Ayatollah Khomeint
spread his revelunon inside Tran weth audio cassette tupes and zeic;*imnc Biwes. Fhe Internet will
soon digtribute a rmllmn trmes the information accesstble in print to bz]iwezfé of people o every
continest, ' ‘ : :

As another member of the graduating ¢lass savs, "Bach of us may spesk with equal voice
and be castly heard by any who choose to Hsten, The ;k.»ww%zz% af rich nw Jonger have the
monopsty on Mass cormuunications.”

Along with the Internet, the most imponant puw tool we now have to extend our ability 1o
crewte new porsonal paradigms of understanding s the computer. Computers can magnity our
shility (o cope with the information explosion in four imporiant ways:

Firat, they can sift through vast quantities of dat scarching for the ovedles i the
havstacks that are dueetly relevant 1o 1the questions of Interest o s,

Necond, they can iimn these data into patterns 122& are far more sceessible ' our braing
than emi% s Bty of zzziermanon zsimzzsa together ss,qumz:dli} '

’ “Third, zhcy can aﬁiﬁciaiiy alter the seale and-speed of the world to make images too large
ar toe small tor our chomprehension just the right size for us ' understand. Processes that are
extremely slow can be speeded up for our. mapuctzon anud processes that gccur naturally at the

bligk of on eye can be slowed down for our convenient analysis,



And Nnably, the largest and moest powertul of these machioes have led w the emergence
of a completely new forny of krendedpe croatton, e sddition o imductive reasoming and
deductive reasunimg, we mnwy hive o vew vartety that Bends aspeets of thie first two.
"Computational scietice” can crente artnfictal reatives within which experimenis can
conducted.

How will soctety adapt to the dramatic ehanges that will accompany this new reveluon”?

The reemergence 1 o sworld ol nigxd, stultlying, fandamentadist idesiogies can be seen
#s une extrems I reaction to the vast increase i data that 18 now washung theough world
civilization.

At the epposite extrenie, the fear of chaos was expressed by another graduating sendor
the Athena system: “Free speech uncontrolled can break down our social norms and conumnon
beliefs, allowing extreme opinions to {ind and strengthen cach other or allowing unsubstantiated
unfounded “truths” to be dissemianted withowt clallenge or resistance.”™

Hees 33 a concern | shiare, For example, | belicve we have an obligation 10 assist parents
who wint o exercise responsibility for protecting voung children from materials which they as
parents helieve their children are not ready {or,

But let me also stte my olear and wneguavocal view that o fear o chaos cannot jusily
unwarranted censorship of free speech, whether thut speech aceurs i newspapers, on the
broadeast sirwaves - or over the Inteowt

Chur best yeaction w the speech we loathe s ta speak owt, 1o reject, to respond, evan with
emotion and furvor, but 10 consor - no. Thut has not been our way for 200 vears, and i shoudid
1oy Become onr Wiy now, '

In 1962, the great historian of science, Thamas Kuhn, deseribed the way i which our
undersianding of the world evolves when faced with a sudden increase in the amount of
information. More precisely, he showed how well-established theories collapse under the weighu
of new facts and shservations which cannot be explained. and then accumuiate 1o the pont where
the onee nsefud theory is clearly obsolete. Agnew [aets continue (o accumulate, a new threshokd
i reached, bevend which a new patiern is suddanly, pereeptible and @ new theory explaining s
pRLen SHwrgey,

Cris an important process not only at the societal level but for each of us as individuals as
we try 1o make sense of the growing mownain of hiformation ;}l:‘,a'::(;d at our disposal. '



But white the hreakthroughs in understanding thal we need in order w adant 10 chunse
nmay be facilitated by the new canabibities computers and the sternet make possible, they will
be cauved by computers wid they will not ke place iside compuiers. They will anly ke phee
i our fives, They will only have meanmg 1 relation to human values,

The omse level inour civilization 1s nising. The Hood of information on cvery subjedt
makes the task of understanding change more ditficult than ever. The temptatian o rely ap o
technologies as z substitute for reflective thought is a dangerous trap.

How many of you have tried {o see the hidden diree-dimensional images in maodern
compuicr-generated pictures coalled, by one brand name. the "Magic Eye?" Could 1 see a show of
hunds? For those of vou who have not seen these novelty pictures, they consist of camplox
pattems that seom Hike busy, partly inecherent designs, and they are intended to ba viewed faa
special way, My children taught me the technique. You hold them close to your eye and tocus
on a distant point beyvond and through the plane of the image. Then you wait until vour broais has
processed the mformanian i the image, which then reveals a three-dimensiona! sictere that
comes inte sharper focus when vou slowly move the mage back. keeping your eves {seused
beyond the plana.

The maost imporiant breakthroughs and advances in undersianding can only e whon
wi take the time o Iook boyond the surface of the problems we face and focus onwhi i moal
mmportant in our Bves, The same i troe for vou odav,

[f you wre seeking a decper uaderstanding of what vour life s all about, vou will g [
that meaning on the surface of your fife. You must loak bevond and through v Hie, nwd e
an a distant powd far from s plane and be patient

Nor ¢an vou understand your life in isolitton from #2 context; yvour family. vour
community, your nation, vour workd, and the fabrie of exastence of which youware o port, 1 yau
are secking healing in your fife, healing is to be found 10 these relationships. W ovou miv genhing
spiritaal meaning i your life, you witl not find 1t by thinking of what vou wam o do ot lnd
rather by reflecting on vour whele Hie in s largest context.

If vou are pursuing happiness, it will not be found in a set of rigid nostruma, noe i e
sadigeiplined porsuit of pleasures, but is more fikely 1o be found by iving your Bie vt cnnnel
stubiliny o fanthinlly discharge vour responsibilities o others. zad also with wavagh ooy
to adapt continuatly to the new challenges you will encounter and 1o seize the new oppatinsiies
inherent in a life with creaiivity and balance. : ’

" That is iy wish {or vou.” Gad bless you: and good luck.

i
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Pavid Gergen wrote a reeent editoriad in which he argues that the federal investment in
R&1 has dechined every year for the last 4 years in real terms and further argued that we epdl for
another cut next yvear. He wrges us stead to inerease federal spending on R&ID by 7 percent
fext year contending that 7 percent is enough to make up for past inflation and 10 reverse the
trend. '

8 Years of lncreused R&)D Investment .. .
We have a record to be proud of on R&D Invesiments. This is the filth vearin g row t

we have proposed noreasing research sad techuology funding while muking deep cuts in other
speading, The President’s FYU8 budgetinereases R&D Tunding by more than $1.6 bitlion over
1997 to roughly $75 billion -« a4 percent Increase over 1993 and a 2.2 percent increase over
1997 And the President’s haseline outyear budget plan propuses civitian R&D grow by 2%
{nomisal) butween 1998 and 2002, We have gone from 70 billion to 75 bithon or an inorease
of about 7% since we've been here,

S0 why does Gergen argue ihat we have cut investmenis every yvear? The difference s In
how vou calculate inflation, the fnct that he ignores the ond of the cold war, and that he ignores
productivity gains we have seen i resesrch. When you aceount Tor inflation we are preserving
aur overal] commitment 1o B&D, Owe eivilion R&D investments are not only increasing i
sominal teems, they are growing Taster than infiation ‘
The Real "ﬂtﬂ"} is in Defense vs, (;wllmn R&1}

. 1Us important 1o drat a distinetion between civilian R&D and éciwsc K&D, which
" Gergen unfortunately docs not do. With the end of the cold war, we can vest relatively more in
pmductmlv entuncing civilian rescarch, Under our E‘szz%cﬁ; civilian R&IY spending has risen by
Y pererit - (o 8340 bitlion Tn 1993 1o $34 billion in 1997 That {3 fastey than the itllb ol
aversll imflation of 9.8 percent. As u share of il Foderal R&D investments, ¢ivilian R&1D has
risen from 42 purcent in 1993 0 43 porcent this vedr. Hs also ciear that Basic, Applied and
Civilian R&D did much bﬁ{m than 43&!{.1‘{12] dﬁcmimm y funding between 1993 and 2062 under
our i}nég,u : ‘ L 8 A
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The budget agreement proposes $74.9 biffion in FY98 R&ED funding, 0 3.3 pereent
wcrense -~ less thas what we originally proposed but sl anincreass.

We are doing more productive investments.

As demoenstrated by NASA, (unding levels arg not the best way o justily R&D. MNASA i
daing more rescarch with fower resources by focussing on smaller, cheaper, and faster missions.
The same can generally be said across the hoard. As the very technologics that basie research
cvertually spins off make it back nto the lab, the efficiency with which we do research inereases.
Far instance. (he numbur of genes that we can now seguence 10 a day has increased several fold
aver the last fow years because of some of the developments that come out of our human genome
efforl. Thus, we are now secing some of the most productive years in science.

Another False Prediction

Every year it seems there are s number of well-publicized predictions - fears may be a
beiter description — within the soience community that balancing the budget would require
deep cuts in civilian resesrch programs -~ cuts on the order of onesguaster (o one-third over the
next five years. Every year that we have been hear, we have heard rumors of the imminent
demise of nur ostion’s S&T enterprise. This vear 15 no different. The ¢t is that we have
protecied our comymitment © R&D « cven in the oulyears - while Republicnns would g
these investimenis.  Inereasing our 78 billion investment in R&D by 7 porcent woudd require
coming up with snother $3 billion in new money - something that is politically undoable,

Republicans would gut sur investments

Let's not forge: that Republican budgel proposals in the 104th Congress included cuts of
more than s third o the nation’s science and wechnology budget. cuts that would have
decimated our nation's ability to perform workd-class research, develop new technologics to
sustain economic growth. and train a new generation of scientists and engincers,  Fortunately -
w prevailed. "

Summary

Should we contintic to increase investment in R&D m the fulure - you bet, Gergen is
right when he points outl that hatt of all ceonomie growih since Waorld War 11 is reoted
novelion, That s why maintained our conyniument here, 1ot he s wrong 1o imply that we arc
not commitied o svesting in basie scientifie roscarch.



FY98 R&D BUDGET OVERVIEW

The President’s FY98 budgpet increases fetal federal research und developmoend
fundiag by more than 81,6 billien over 1997, to reughly S73 bitlian {ay teaditionaily
reported). This is the fifth year in a row that President Clinton has gropased w0 inersse research
and technology funding. at the same tGime that he has cut the budget deficit and has put our
cotntry ot track for a balanced budget.

The President’s FYUR budget boosts funding for basie researel. The budgel proposes
$13.3 billion for basie research, an increase of $414 milhon (3 %) over 1997, Thisichudes., for
example, a 4% increase for R&D 4 the National Science Foundation on the civilian side, and n
5% increase o delense boasio research. Basio research funded by the Deparimew of Bnergy is
slaled 1o increase hy more than 4 %, [n the outvears, basic resenrch is projecied o increase
stendily by nearly 5% to the year 2002,

The President’s FYY8 budget strengthens aniversity-hased rescareh. University-
based research is key to America’s future: it provides new knowledge and new technology, while
at the samee time training the next generption of seientisis and {:zigiucc:\: We are proposing o
increase aniversitywbnged researeh by $289 mithion, to a towd of $13.3 billion i FYYR,

The President’s FYY8 budget provides minjor mew suppeort for technslogies that
ensure that America Benelits from the revolwtion in infermation iss:im{}lu;,x‘ Tnvestmuents
in computing and communications R&D are increased by 10 %, 1o $1.1 Billion. This includes a
3-year, $300 million Next Generation [nternet initintive. This initiative will create the Bundation
for the networks of the 21st century by connecting maore thin 180 ULS, universitivs and nuional
labs ot spends that ave 100 < 5,000 times Taster Gwe today's Internet - with an abibily 1o ransmi
voice, video and virtual reality in o secure and reliable fashion,

The FYY8 Budpet provides signiftcantly increased Support for programs that will
bring the power of modern information {echnology to classrooms throughout America.
The budget includes 3524 miltion for research and development in education wehnology, This
includes $78 miltion for the Technofopy Innovation Challenge Grants program that funds
competitive grants for consortia of schools, bukinesses, universtiies, and other arganizations 1o
develop nnovative apphications of innovative echnology. o addition o these R&D programs.,
the budget more than doubles, o $425 miltion, the funding for the President’s $2 billioa, $-
year, Technology, Lileracy Challenge Fund designed 1o stimulale puh]iuqéz‘%venc partnerships
focused on fully zme},raimf,,, tx}ﬁcaiwn u,clzmiz}w 21110 teqcizez;g an:;l lcau THng.

The Prcsa{iezzt & FY98 bwig{:i increases mvesﬁmni in tecimalagles eamztz.}l for

_' ensuri ing cantmued U$ ceonomic ¥6di§&1‘%h1p and 592} creation. ‘A & % increase io civilian

applied research ensures that the U.S. will bsm!n from a continuing flow of technological  ~
advances. The budget boosts investients in critical teehmology initimtives Bke the Advanced
Teel mology Progran at the Department of Coperce:, which gets 0 22% zmzzﬂm over [ Yéf?
{in, $275 million). izrzzi\mmuies A.36% ingrease for the M‘uwfacwrzm, Extension Z’a:mua{u;) .

fg}mgmm 1hdl operates in L!O% LQ(};‘}LMII{)}] with state wvcl DMENCS 10 efisure that our nation's
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simall and midssized Conpumes e able 1o vompele worldwide with state-of-the-art technolegy,
Funding for the Partpership for g Now Generation of Vehicles mitiative is increased 7%, 1
$281 mittion*, and funding Tor the construction and building wehnologies intative is
mereased 15%.

The President’s FY 98 budget includes tax incentives to enconrage private sector
investment in research and technology. The budget propeses a one year extension in the
Research and Lxperimeniation tax ¢redit, In addition, benefuts of the Forgign Sales
Corporation tax credit would be extendsd ta computer software praducers whose produs sie
licensed for reproduction abroad,

The President’s FY98 budget incresses funding for environmental rescarch.
Science and technolopy investanents are eritical for enhancing environmental quality, wwd this
budget funds vital research needed (o ensure clean atr, pure water, and safe food. The FY98
hudget allocates $5.73 billion for environmenal research, a four % increase over FY97, Thig
funding supports a4 brom! research agenda, incloding sustainable use of natural resources,
preservation of hiodiversity, ecosystem mapagement and restoration, social and geonoinic
dimensions of environmental problems and environmenial technotogies. The targest
component 1s $1.9 hillion for understanding and predicting global climawe change snd iss
regional mmpacts. =

“The President's FY98§ budget provides increased sapport for health, food and
safety research, The budget for the National Institutes of Health (NTH}Y contains 1 2.6 %
mcrease, primarily going w investigator-initinied. peer-reviewed resewrch grams, Ting
increase wilt fund high p; iority researeh arens such as HIV/AIDRS related dinesses, breast
cancer and other women's health issues, minonty health mitiatives, disgase prevention
research and spinal cord ajtiry research,

The President's FY98 budget continnes the President’s strong support for the
nation’'s eivil space prograra. The budget maintains funding for the International Space
Station program at $2.1 billion; strengthened commitment (o Mission to Planet Farth wt $1.42
billion {2 4% increase over FYS7Y amd solid support for the X-33 Reusable Launch Vehicle
program (3330 million) and acronautics inftistives (3456 million). Io addition, NASA™s space
science budger has been augmented by $1 billion over the next five years.

The President’s FY98 request continues 10 support the investments in rese; wrch ‘mé
" technology that ensure our nation’s security, We arc t:mphas;zmg investments which
sustain our military defense capabrhtleq ;}ttz\%ni conflict before it &:{:ws and &iﬁ{i!‘{}%x oithe
global threats to the wel] -betng of aur nation.

[!I the yeurs Trefsween 3‘}98 azit(i 2(382 the President’s plan will preserve civilian
vesearch funding while uzm{}i{}iszig the jab of balancing the budget. The President’s
baseline putyear budget plan proposes civilian R&D © prow by 2% {nominal) between 1998
v+ oand 2002, This represents a solid investment, given the fact that the budger will climjnaw the 7.

- deficit (azzé ﬁx‘zmiiy produce-a surp m} over e sime zzmz, pt.,nod ‘
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Fresident’s FY 1998 Budget

Gverall R&D Fuading. The President’s budget proposed $75.5 billion in 1998 for R&D
funding, a 4.0 percent increase (8 percent real decrease) over 1993 and 2.2 percent increase over
1997, The budget proposed $73.4 billion for 2002, 2 1.2 percent increase over 1993 (18,9
percent real decrease). Overall discretionary increased about 7 percent between 1993 and
2002 (a 14 percent real decrease). ‘

Between 1991 and 2002

- Basic. Increased 20 percent (a4 percent real decrease;.
Applied. Increased 18 percent {2 6 percens regl decrease).

- Development. Decreased 10 percent {a 28 percent real decrease}.
Civilian. Increased }7 pereent {a 6 percent real decrease}.

- Defense. Decreased 10 percent {a 28 percent real decrease).

Cenclusion: Basic, Applied, and Civilian R&D did much better than overall discretionary
fanding between 1993 end 2002 in the President’s FY 1998 budget.

Agrecment

Overall R&D Fuoding. Worst case and on average, the Funetions that contain R&D in {998
wiit be reduced about 0,74 percent and about 2.81 percent in 2002 by the Agreemem. Thus, the
Agreement proposes $74.9 billion in 1998 for R&D funding, a 3.3 percent increase (8.9 percant
real decrease) over 1993 and 1.5 increase over 1997, The Agreement proposes $71.3 billion for
2002, 2 1.7 decrzase from 1993 (21.2 percent real desrease). Under these sume assumputions,
overall discretionary would increase about 4 percent between 1993 and 2602 (a2 17 percent
vesl decresse),

Between 1993 and 2062

- Basic. Increased 16.5 percent {a 6.7 percent real decrease).

. Applied. Increased 14.3 percent (a 8.4 percent real decrease).
Development. Decreased 12.4 percent (a 298 parcent real decreasc).
Civilian. Increased 13.9 percent {a 8.7 percent real desrease).

- Defensc Decreased 13 percent {2 30 pereer real decrease).

Conclusion: Basic, Applied, and Civilian R&D also did muc?z better than owrail é;sc:wanaxy , :

' fwzdmg bew, een }993 and 2002 i in the Agreement.

As demanstrated by NASA dollars are not the best wag m justify R&D ’\EASA is dging
Cmere reseamh w:t!: fw er resources by focusing su samller, cheaper, aad fasier nissions.

S&TAG
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THE WHITE HOUBE

WASH I MGEBTON

June 3, {947

MEMORANDUMN FOR THE VICE PRESIBENT
FROM: JACK GIBRBON "

SUBIECT: - Gergen Op-ed “The 7-Percent Solution” (U8, News & World
Repory, May 1997 p. 7N

Grergen renterates the broadspread concern that support for science and technology. especiully
federally funded R&D. has stackened and s headed dawnward as we move toward a batoncad
budpet.

As yvou reeall, the Hodth Congress tried to deeply shish R&D but persisient efforts by owr
Administration and alies outside g gnvam;mzll fargely blunted those efforts. Things are
soamewhit easicr with the 185th Congress hut we mre 2 Tong way {rom home. Fou example,
Congress 1s wying ta deeply cut the P “%Id""i{ s regquest for R&D u renewable energy
wehnejopy. energy officiency. and global elimate change just when we need such aetivities morc
thas ever, - -

Some members of Congress (.o, Gramm (science in general), Mack Guedical research)) have

eatled for a doubling of support for research over 10 vears, roughiy equivalent 1o the 77 poreen

soluion” (hut only in autherization, not appropriation). George Brows submitiod an Javesimen

Buduet Bill wineh would significantly increase {about 3% per vear) civilian research,

Ezzizgzslm;iura and cducation and stil} balance 10 2002 by not ncluding ax cuts, His bilt lowt (91-
3397 but b beheves he's belped raise the level I of awsreness,

Paw discussed with funet Yellen the notion of the Administration wking 1 posiiion of "
mainisining our basic rescarch budget at'least at constant dolars but. as we pmg{,&% 0 4
* balanced budger. mz‘;viﬁg fowird'a suppod level thaz rises prepzvizoz‘miciy with §m&»zcmz )
acozzmmc growth. This could be called the 5 percent sofution. Yellen g{.zzcmiiy agrees with .
b, n{}z surprisingly. Raines doesn’t favor our laking such an explicit position at this time. The
;mxz{zon Ftook at the 1997 Aﬁ;&‘i S&T Policy C{}?i{}{;zzmm {April 23} on the budge favars z»zza,}z '
“a deng-term divection {see hzz})izg;zi on ;)&gc 2 of attached)
Jow Stighitz {i,, A} bl )Ld a paper 18 montls ago ol my urging which underscores the Iigh
'_si;g:iiii rate ol return on mm*;i . The paper; which includes Michael %%{‘.‘skin‘s‘pzzpc} by reference
~ has been widel }'\qx}uia‘{éx RS ) T S X



My bottom hine s that | bope e Prestdont wall be able o contime and perbaps make more
explicit bis "profection” of the KD badget espeaially [or buste research,. Given the strong and
growing support for research in Congress and clisewhere. 1 hopue we e stay abead of the curve.

Altached are some addidonal background materials und taiking poinx {or vou,

Attachments

(1} Background and Tatking Poipts
{2) Gibbons AAAR Specch

(3) Gergen article



June 3, 1997

Background: Juint Statenient on Scientific Research

On March 4, (997, 23 organizations spanning the scientific and engineering conmumunity
issucd a Joint Statement on Scientific Rescarch calling for an increase in federal rescarch budgets
i the range of 7 poreent for FY 1998, (Full text of the Joint Statenient on Scientific Research is
attached.) They called upon Congress and the Administration "o renew the nation's histarical
commitment o scientifie rosearch and education and indicated that funding increases of this
Jevel ate necessary for meeting the challenges of the next century. The statement firther
indicated that Alt)o constrain stll further federal spending on their scientific programs would
Jeopardize the fuiure well-being of our nation.

The effort was notable because the 23 urganizations represent a cross seetion of scientific
and engincering disciplines, representing 108 different socteties, associations, and organizations
with well over 1,000,000 mombers. Several members of Congress, Represenutive George
Brown {D-CA}. Seaator Phil Gramum (R-TX) and Senator Joseph Lieberman (D-CT) released
their own statements foxcerpts attached) in conjunction with and support of the Joint Statement.

The Joint Sticmen and the commenis by Rep. Brown, Sen. Gromm, and Sen. Licberman
emphasize the importiniee ¢f soience and technology Investmients for our nation's economic
growth and overall siandard of lisving. They express a growing concern that it will be nnpossible
for the .S, w maintain weehpological leadership unless federal investments in R&D are given
priority. Among the statistical trends cited which indicate the croston of the U.S.'s commitment
to tnvestment in scienee and technology:

» Federal investment in basie yesearch has declined inreab terms for the past five vears,

. sinee 1970 Japun and Germany hove spent o arger share of their GDP on rescarch und
developmont relative to the US. and :

. - research investments a3 a pereentage of GDP are approaching a 80-vear Jow.

Analyses of the Administration’s FY98 request for seience and wehnology have found the
recommended funding level to be stable or o slight decrcase over FY 1997, depending on how
ene adjusts for inflation. The House Science Committee found the FY98 budget increased the
adminisiration's hudget request for NSFE,

Highlights of the Administration's R&D Budget Proposal

» . The administration’s Scicned and technology investments acéountéd for approXimately
© 2.5 percent {875 billion) of the Federal budget in the President's FY98 request.

s The Administration’s FY 1998 budget angmented stable funding levels wath targeted
_inereases including: '



[

A 3V increase In the fronding of N cond In scicnee, engingering, aud ednustion
R&D ar the Nativeal Science Foundation.

. Np . , . . .
A five-year, 1 bilfion dolfar increase in NASA's space science budper, funding
research into the origins of the galaxy and the possibility of Hife beyond Barth,

An 8% increase in the basic vesearch hudyet of the Defense Department,

A A6 %% increase in husic solence reseorch programs of the Deparisieni of
fhergy,

A 3289 miition increase in funding jor university-hased voxeareit o strengthen the
Iniversity-Glovernprent purtnersiip and o $497 miflion ingrease in peer reviewed

R&D programs.

Talking Paints

« The adminisiration is completely convinced that federal research pays high returng - CIEA
csiimates returns greater than 50%.

+ The adoimstrution strongly supporied lederad R&DD inour Y9 budgit and we expect thut
our R&D programs will be supported within the framework of the recontly negotinted budget
agreciment. . o

.+ We have taken pains to provide funding within the context of a balanced budget. Increases

i rescarch world puy high rates of return but these federal investments must be weighed

against othoer budget priontics. We are willing 1o discuss increases in RED but unly i the

context of wn overall budget which achieves balance.



Joint Stutement on Serentific Research

As the federal government develops s spending plans for Piscal Your 1998, we call upon
the President and Members of Congress 1o renow the nation’s historical sommitment to
scientific rescarch and education by providing the requisite funding for the Gederal
ageneies charged with these responsibilities. Our call 15 based upon two fimdamental
principles that are wel accepted by policy makers in both political parties,

The federal investment in sctentific research s vital wo four national geals: our ceconomic
competitiveness, our medical health, our national scourity and our guahity of life.

s Seientitic disciplines are interdependent; therelure, a comprehursive approach to seience
funding provides the greatest opporiunity for reaching these gools,

We strongly believe that for our mation o meet the chiallenges of the next comury,
ngoneies charged with carrying out scientific research and vducation require increases m
their respective research budgets of 7 pereent for Fiscal Year 1998, These agencies
include, among others, the RRF, NIH, DOE, DOD_ and NASA. The inereases we call for
strike a balance between the current fiseal pressurgs and the need o invest in aclivities
that enablc long-term ccononic growth and prodactivity. Such increases would anty
purtinlly restore the mllationary losses (hat most of these agengivs suffered doring the tast
few years. : - : oL ~
Prudest ;?imm%wg argues or strengthening :bc resprective activites of major research
ageneivs, as already recopnived in pending legislation. Vo congteain 2ill further fedord
z>pcfz<iuzg_. on their scientific programs wmlld jeopardize the future well-being of our
nation,’

This stlement was endorsed by the Presidents (or the cquivatent olTieery of

American Association of Physicists in Medicine

American Astronemical Sociely

Amuerican Chemical Society

Americon Geological Institate

American Geophysical Union

Amcncan Institute of Bielogieal Sciences

American Institute of Physics” :

The Amierican Instituie of Professianal (zwif}gzai‘-

Amencan Mathematical Saciety

The Ametican Physical Society _

American Society of Engincering 12 ducation

" Association for Women in Mathematics

Ansoctaiion for Women in Science

Astionumical Soaciety of the Pacific . o
Councit on Undergraduate Reserreh - .
I n&,st}gumb i}{,,ms Cowncit, ... . o ‘ e
' . A IR
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Federation of Matenals Secietes

Geologieal Society of Amenica

The Institute of Electrical and Electonies Bngineers, Ine,
Materinls Research Socicty

Muthenmtical Association of Amcrica

Optical Sociely of Amcerica

Society for Industaa! and Applicd Mathematics



Joint Statenent on Scientific Rescareh:
Excerpted Statements by Membuors of Congrexs

13

REPRESENTATIVE GEORGE E. BROWN, JR:"] ain very pleased 1o see that the
Nation's scicnce community i speaking out against efforis to balance the Federal budget
on ihe backs of research and development investments. | hope that foday's press
conference wd joint statement will be the first of many actions taken by these prestigious
argamrations.

“Investments in rescarch and development programs are among the most impartant
expenditures the Federal governiment can make. Lconomists estimate that as much as half
of our Nation's economic growth iy the last hundred years is due to technological
mnovations, [ we continue 1o under invest 1o seience and icdz;zo?ogx’ our offorts 1o
balance the budget will leave our children a less prosperous future.

“Fudaral R&D has, as i the jont statement of these science arganizalions poinis oul,
declined i real torms over the {ast five yewrs. Further, every balanced budget plan
ofterad by soy Republican or from the Administration calls for further reductions in these
investments over the next five vears. While there are some on both sides of the aiste that
have called for either spending increases i pacticular arcas of research fuch as hoalth
research} or across the boavd in seience, nose of those proposals identifies how such
nereases will be accommodated m a balanced budget scenano, Unul vou ke that «,‘cp
yol e just playing with monopely soney..

“Just as we have o generational abligation w halanee the budget and not nake the next
generation pay for our consumption, we aiso have an obligation to continue to invest i
thuxe programs that will leave the nest generation i a position W enjoy 4 rehust, growing
ceonainy. 1 believe that my budget proposal does that, aad T hope that the sgreige
conmitity e work to educats others in Waghington abous ziz; mnportance of these
wvestnenis”

SENATOR PHIL GRAMM: " want to thank the leaders of the American Chemigal
Neviety, the American Physical Segicty. the American Astronomical Society, the
American Mathematical Society, and the other socicties here today for theie support for
increasing federal investment ndscience. This (s oxactly the gonl of my legisiation, which
wouid double the amount of federal Invesiment In basie science and medicnl research -
over lcn ycars..,_ s . _ I oo N ' :

Irwensa country da nottestore the izzg%z pﬁ{}rz{y 0;‘;{:9 af‘f’mégd seience and wehnology
ot the federal Budgdt amd mcriase fudéral mvestonent in research, i€ will be fmpossitile to
maistain the United States’ position as the technological leader of the world.

“Sinee V70, Japan and Germany have spent a larger share of their GE on sesearch and
development relative o he 1.8, We can.ne longer afford to fall behind. " Expanding the
nalion's uunmtlnu.m tor research i hasic seience ami ‘mediciie s hoentically imporiant
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avvesiment in the foere of sur gation.™

SENATOR JOSEPH I LIEBERMAN: "Scveral months age during the heat of the
sutnmer of 1996, Presittent Clinton and cvery niember of Cangress reecived a fetter
signed by 60 Nobel Laurcatés which contained o simple message: Amerion's ivvestment
in rescarch over the last fifty years has been o vital source of our ccononic and politics]
sirength asound the wosld, as well as the quality of life Americans enjoy ot hame. It has
aniy been through the Federa! Governmient's pationt investment m seicrice, agned the
Mobgelists, that Americans have benefied o so many extinordinary ways from adwinees
iy the understanding of our world,

“ am...oplimistic that the stabc is set to move forward on policy decisions that will
guarantee inereased cconemiic growth and national sceurity, and represent a very
Important investent o Aumnerica’s future,

"My opthnism s a product of two recent events. The first was inrpduction of §. 124 by
three Senutors Gramm, Mack and Huichison entitled the National Rescarch {nvestment
Act, ealling for & doubling of federal investment in bagic science. technology and medical
rescarch over the next ten vears. Second., 1o last month's release of President Clinton's
budget. seience and technotogy programs were inereased almost across the board abéut
thiree pereent on average, whicl is significant given the considerable Gscal constrminis
and the intense serutiny to which every program and agency is subjedio

' believe the aplinyism of the present moment comes prizarily !xmu‘; of seme
trowhiding facts which have convincod membors of hoth mirtdes fhizt senneliing mere nust
e done to stimulaie good rescarch and dovelopment. . 1 vau believe as |ido, that our
errrent prosperity, intellectuad leadership in scicnee and medicine amxd the growth of
entire new indusiries are directly Hoked 1o investments madethirty. years ago. then ven
have got w ask where will this country be thicly years from now? [t is Hikely that severul
countries, particularty in Agia, will exceed o a per *;z;'}ii’» busis. the US sxpenditure in
science. Japan is already spending more than we arg in sbsolute dolars on non-defense
rescarch and development, These facts fed Erich Rloch, the former head of the Nutional
Neience Foundation, w write that the whole U8, RED systeim 15 30 the midst of a cructal
trunsition. [is rate of growth hag leveled oft and could decline. We cannol agswm thit
we will stay at the foretiont of science and technology as we have for Bty yers.”

"Although difficult, the panis&m conflicts and rifts of the past several years may have

- performéd a useful servicein clarifying the debate over when public funding on mac;mii
is justified. 1 believé it is a misiake to separate research inte (Wo warring camps, one

- Alying the flag of hasic science and the other applied science, E{‘zz serthe research
Cenlerprise Fepre s{,mu 1 broad’ spee clrwh of oo (iuzvziy with hasic and’ appl hed &mfwzzu
al either end but not in apposilion: Vvery z,om;}azwzzi along the spectrumvproduces
returns - eeonontic, social and intellectnal gains for the socivty as a whole, 1 we can
this division hehind us) we can examing regions within the s spretrun winiclh newd federal
suppoft,-those best developed through the eocouragement of the: markdr, and {inatty,
thase which require a ml:«{:gi approach.” This is & pmu,hx iy whmh pragmatisia, x!lmzid lzu

i



encourdged.

"The chullenge that faces us is o ke the remarkably broad consensus for fudersd
esearch and build o sunilar consensos as to what actions can belp us o achicve our
shared goals. Participants in'the complicated dance of science inctude the federnl
government, private indusuy. nutional laboratories, Jarge and small universities,
arofessional sogicties and entreprencurs willing to risk their wealth on the commsercial
success of a new idea, [T we are to maintaim and build on one world leadership, the
Federal government must continue o play a plvatal role”



Remarks of
JOHN H. GIBBONS
Assistant to the President for Science und Technology

Director, Office of Science and Technology Policy

AAAS i’oiicyg Collogquium
April 23, 1997
Washington, DC

Science and Technology Policy

in the Dawn of the Twenty-First Century

It ix svith special pleaswre that onee agatn [ greet thos distinguished bady. The range and
depth of seieniitic alent gathered here represcnt not oaly continued American ingiu’sth ut the
fromtiers of science and technodogy, but a vital commitment 1 ensuring o better quality of §ife for
fure generatons of all Americans.

Siinee | last addressed this eolloquiam. we have witnessed a remurkable string of scientitic
discoveries and wehnological advances. Hardly a week goes by withowt major breakthroughs
reported i the pages of tha lewned jownal of science - The Waskingioa Posit possible sater on
aur maen, atd perlups on one of the woons of Jupiter, the prospect of apcient hiv on Mars,
clonming of o mammal from a folly differentinted colf, confioming the existence of a third branch of
Hic on carth, Girst steps toward demeonstration of an “atom laser” Just fast week, wo read of the
pue of satellite dat w document 2 significant response by Northorn Hemisphere ceosystens 1o
glohal-weale xs*zzzzzzing durtng the 1980s. which can be desenbed as a longer growing season i
high letitudes, The Bist goes on and on, Albare magmificent discoveries. all yenerating a new
series of guestions gnd possibibiies.

{;zzzzimrv o tiiuc recent noteworthy dlS(.U\'Lrlf..b it isaremarkable how. much of the %& I
policy discussion remaing stuck on gloomy “budget talk,” agency fortunes, and the outyears,
There have been many dire predictions that balancing the budget would mean deep cuts in |
civi imu research programs, on the magnitude of one-third over the next five' years, Every year o
this office, | have heard these rumbles. And every vear | have warned that our research budgets
seere o peal perile This yewr is maore hopeful, although tw veliow candion flag s sull aut

o«
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Eawill return to the budget Jater, B ] first want wo dwell on the overarching netionad
fmerest - with an cye on the future and ifs constituency.  You are wn integral part of that fuiure
and erefore have a stake in the fong view of policy that OSTF secks to provide as interageney
coordinator and advisor to the President,

s

Budectary and Policy Climaiw

First and foremost. It me assert that the President and Viee Prosident remain unwavering
m their support for science and technology as crucial lnvesuments i our future. They share our
canvictions that such investments enable our nation 1o compele aggressively in the global
marketplace, protect owr cavironment ard mansge our natura) reseurees in a sustainable manner,
safeguard our national security from emerging theeats, and spur the technological innovation that
hax contributed so much 10 our ceonomic prosperity and quality of life. Despite the prognosis of
seme pundits, tast vear we often sailed against the wind. but we always hetd our rudder true.
And, as a result, with a lot of help Trom ouvtside government, we suceessfully held the Yine in the
purchasing power of the aggregate Federal S&T budget.  This s the fith vear in o row that
President Clinton has proposed 1o increase rescarch angd technotogy funding. while at the same
e putting our countey on the path to fiscal sanity. This is especially encouraging news, and |
believe that ence Federal spending is brought under control. our Federal S&T mvestments should
grow and track at least with the Gross Domestic Product, )

Within the seientific community and in Congress, there have been calls for significant

inereases i federal R&D budgats above what the Prosident has requesied. Some proposals ure

gamnting, Others are hittle more than nicely wrapped, rhetorieally-Bled, empty presents. Yot
these enlls for more rescarch support signad an endorsement of ane of the Administration’s

prioritics, and hint of a welcome retusn 1o the traditional bipartisan political support for investing
in {{IQ’J”‘ research.

I am heartened by those scientists, university and industry leaders, and policy nukers
advoeating greater Federal investrment in R&RD. Such activisny Aoy made a dsfference by
amplifving the seientiflic commanity’s voice. Butmake no misieke: the constrainis on Federal
research funding are driven by a budget deficit and national debt that eceklessly tripled during the
1980s, und that still stifles invesument today. Would 1 like to sce an increase in federal funding
for susearch? Of course! Do | believe that our nation's taxpayers and futue gﬁmuaimzx woull
be well-served by greater 1nvu,1n'1mtx? '{&bxgz utehy! Would better understanding ol how 8 8&T
changes the livis of our: citizens help the ‘cause? Ungquestionably! For | believe that the future is
best-served if bthI’lf:e ani 1c¢§znai<xg} are widely az‘zéczsw@z}-and valued. |

-
-

- Wy struggle wz{h these difficndt choiges c;zwre, as i%zc President C(}ll\-l‘ilt‘l!i]\’ ;tzmnts out
it "zi?c fiture does indued fave o constituency.” S&T funding is a high-stakes, high-leverage
iveshinent in the Natior's contintad stability and prosevrity. Our President’s ceonmtiie plan s

|2 2



working. Our deficits are lower, Our economic growth is lngher. And itis this steady growth
that fuels the cconomy, making it casier to increase S&T investments and still reach a balanced
budget by the year 2002, Look no further than the President’s R&D budget projections that are
Jar more favorable than anticipated. For the first time since 1981, 1 repeat, since 7987, the
budget deficit could stip hefow $100 billion this vear. thanks to a robust economy that 1s boosting
1ax revenues.

Shaping the S&T Portiolio

How can you help shape the S&T portfohio? You need (o continue to be political activists
1n explaining the intricat¢ processes and beneficial outcomes. revealing the compluxity,
uncertainty, and inherently long time horizons that characterize your research and innovation.
While the S&T enterprise may not be growing at the rate of the,1980s, our job is still 1o nourish
American science 1o all its vitality, We are shaping an S&T portfelio that is consistent with
cxisting budget projections. that addresses national goals, and that is faithful to the exciting
opportunitics we glimpse daily.

So how will we effectively expand the frontiers of knowledge under current budget
scenarios? As the Cheshire Cat pointed out in Alice in Wonderland. “how vou get there depends
very much on where you want to go.” In the final analysis. our Federal S&T investment
prioritics must be balanced against aff orher needs to invest in infrastructure such as
transportation and environment, crime prevention. national security, housing. health care, and
cducation.

Liven as the Federal budget dehcit is tamed. the Administration has protected the level ol
investment in key Federal basic science programs. not only those in the National Science
Foundation and the National Institutes of Health, but aiso those in numerous mission agencics,
such as the Departiment of Energy, and the National Acronautics and Space Administration,

Our S&T policy is a national — not just a Federal — policy. The benefits of research are
not fashioned i Washington. they are forged in factories, laboratories, and universities and
Eoll_cgc_s_acmss America. We are shaping a national program to address national goals.

Therefore .a centerpiece of the Adrhinislration's portfolio is our‘commitﬁiénl o' S&T
par tnerships between the Federal government and universities, states, and industry. Such -
collaboration is not only desirable: it-is essential. No scetor, sponsor, or performer can do it
alone, The linkage of rescarch’and education —,nu_h(m,d iy universities but practiced in facilities -
buili. staffed. and shared by state government and industry — has proved an exceptionally

‘el
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cttective public policy tor decades, IFrom planning to execution to evaluation, we are bringing
to the table all the plavers in science and technology — the business community, research
universities, non-profit insututions, and state and Federal governments.

in many rescarch ficids, the productive path to scientific advances increasingly involves
international collaboration. Major research endeavors, such as space missions, particle
accelerators, astronomical observatories. the quest for fusion energy. climate change rescarch,
and mapping the human genome, are so resource-intensive and necessarily onc-of-a-kind that
international cost-sharing, exchanges. or in-kind contributions have become commonplace.
Reflecting the global growth in sources of innovation. working with other nations on rescarch
activities for mutual benefit has grown as a priority.

The Federal investment in university-based research is about $13 billion annually
university research alone. This investment has yiclded new knowledge, technological
innovation. and a scientific and technical workforce that remains the envy of the world, But
national, political, corporate and education leaders have advised the President that the Nation’s
universitics are experiencing growing stresses and strains. Such pressures stem from a
constellation of changes. and the President’s Committee of Advisors on Science and Technology
(PCAST) recommended a government-wide policy and administralive review of our university
research system. in response. last September, the President ordered a multi-agency review of the
university-government parinership to identify the principal arcas of stress. and to recommend
ways of coping and adapting without sacrificing excellence or pr oduullvll}h This review will
assist us in developing strategies that promote cost-effectiveness, allocate research costs fairly.
strengthen the rescarch-cducation linkage. and develop appropriate measures ot accountability.

As many of you already know, the White House and the Nation’s governors recently
agreed 10 work together in an Innovation Partnership to promote cconomic growth by
stimulating the development and use of improved technologies 1o areas such as advanced
manufacturing, education. health care and electronic commerce. We. will also extend the
capacity of the Manufacturing Extension Partnership to help modernize the nation’s 380,000
small- and medium-sized manufacturers, We will continue the work we have begun to
streamline the regulatory enviromment for research and technology.

We will also persist_ in our efforts 1o have Federal agencies work more closely with each
other; and with the private sector: We have had some notable quccesqcs mcludmg the
-Pdrmershlp for a New Generation of. Vehlcle's a coopt.rauvc effort dmong numerouc
government agencies and the U.S, automobile industry, to-preduce a produulon prototype’
vehicle capable of 80 miles per g allon by 2004. Another standout is the Commerce
Department’s Advanced Technology Progrdm which forms partnerships with companies that
have the greatest potential for developing technologies to achieve broad-based economic
benefits with high rates of social return, These programs are now approaching a level of



gxpericnce that showid pernnit definitive review and optimization of future invesiments.

Chher excHling ierageney inttiives include the Global Climate Change Research
Program, the High Performance Computing Initiative. convergence of civil and mititary
weather satellites and advanced aviation and space ltaunch technologies, and a major effort on
Emerging and Re-emerging Infectious Discases.

Feannot stress enough that biparbsan support wall be entical for shaping a sustainable
agenda, The Amcncan people want us 10 be parlners, not partisans, and the vast majority in
Congress support & strong Federal rescarch program. The scientilic and engincering
commuonitics also have the opportunity and the responsibibty 1o help forge consensus about the
future’s reguirements for Ameriea’s rescarch and education investments, Fistory suggests that
the cost of not making these key nvgsimmh in technteal and human resources will be far greater

than that of moving ahead,

Toduy, the chablonge 1s 1o make the best use ofthe Foderal invesunent -- to make cech public
dallar purchase more scientific impact and atiract additional finding from ether stakcholders in
the R&D enterprise. Lean ad accountable rescarch sdnunistration. both in the Federal
govermnent and in the performing institttons - universiics, medical schools, and national
laboratories -~ will help sustain our cosmpetitive pdsition, even ds expendituney arg constrained.
Comsequently, the Administration has begun o process of management reforms 1o improve the
effectiveness of the invesunent. Examples include: revising and streamlining regulations and
agency directives, identifving regulations that see cutdated or add ve value; sutomating research
SUPPot functions: and dev cloping purformance-bused arganizations. 1denttfiabic goaly,
measures of progress, and accountability for the outcomes achieved with Federal S& T dudlars are
also necded - and, | nught add, a responsibility of rescarchers. The Government Performance
and Resubts Act cadifies this and will assure the investors in S&T, the American pubbic, that thoir
X doblars are well spent.

In the FY98 budget request, we continue to promoic the growth of programs thal benefnt
basic rescarch:

» NSF and NIH would vach be mereased by 3%;

«  Jasic research tunded by DOE s proposed for a 4.6% increase above FYS7 funding kevels
(remenber that previous out year projections had DOL progriams sharply deercusing):

. ihe pwr«»rw*eu u}'nputtlm_ grant programs at both zlu, L}Sljz‘& {the NRZ pm;,rzz"n} and E ¥’z«’a
(the STAR program) are up 38% and 21%, respectively;

. E?(?)D basic research in the 6.1 account is up by almest 8%; and

«  Scicnee rescarch at NASA is up 3%: including a projetied 7% increase-in academic R&ED

~,  Support for environmental research, as well as health, food and safety cesearch also rises,

+ * Investments in conpuiting and communications grow by 14 percent. There 1s significamiy

enle "};,.d suppor lov | rograms 1o bring modem technology o Ameriea’s clagsmons to ruisy



students” schiovements to rigorous and ci‘aiiiif.:zzg,ing Sizmdzu‘ds.
o Drvestyvient increases are also included Tor R&D cssential for ensuring continued 1.5,
ceonomic leadership and job ereation,

T sum, o mmaximize bakimce and effectiveness of the S&'T investment portiolio, the
Administration is promoting R&D programs that sre: selected through o merit-based
competitive pracess: are planned. funded. and conducied jointly through parinershipst provide
realistic and objective measures ol progress and perforomace: enable technology écvciogamczzz
through sustamed micractions with industry and state and locnl govermmoentss hbuild profossional
capacity in the workforee. and promote lnternational cooperation.

The Researeh-Fdueation Link

Let me return 10 an issue [ only alluded 1o earlier. The S&T portfolio must reconsider the
Hnkuge of research and educiation, the connection between discovery and learning. v his recent
Swie of the E}z‘:.an message, the President clearly placed the next generation at the top of lus
priorily list, He has redoubled his commitment to excellence iy edpcation and s Lﬁigfi}li\hlﬂi.

performance goals. starting with 4% grade reading and 8™ grade mathenatics exams beg znmzu. i
1999.

Lo a Directive issucd last moilln the President created an NSF-Department of Education
Waorking Group to Improve Math and Seience Edueation, coordinated jointly through ONTP and
the Domastie Policy Couneil. In June, we will recommiend an action stralegy to improve the
weaching and learning of mathomatics and science pegeed o internationa) benehmarks.  We will
focus on incorporating the best pracuices in teaching. identifying challenging instructional
materials, and intograting technology Inte classrooms, Porhaps mostimportantly, we will seek o
mobiiize the professional communities o eonvinee students thiat the math and science learned in
the classcoom teday 1s eritically related to the skills they will need in the jobs of the 21% century,

We need o think of science and math as part of 4 seamless web of formal cducation not
for a select few, but for aff children who carn a high schoa) diplonw, a two-vear, or o four-vear
degree. Today's | -vear-olds will be voters in 2004, “[hey wil? reed o i.z*zéo:’f;i;z'zé and routinely
use what we in this raam consider “specialized” knowledge, That is the leguey of the hink
between rescarchand cducation. and between science and focial progress. The Nation's colleyes
and universitics must view. theis mission as the retinument of ‘”\s’if;zix:wéz;«»;}mg,zw»" it begin, ax
researchers at Jast week’s White Jouse Conference o Early Learning reported, long before

children enter scbmi Thus, the procss Qf zxcm;zmmi aml g g,raw{iﬁ st Sirt with- u.xmmu,lm
long ixim’c studenis arrive on a {:{}iiega CAMPYS,

A
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of applying the teols of selenee md technalogy w eritiend natonal oceds. With a shilt inour
national prieritics. our seienee policies. traditbons. and practices nust also evplve, Togather we
st seive the epportunity w shape our national rescareh agondn and tackie vther lirge,
teehnotogically complex problems that enbhance vur quality of ife and national seeurity. For
while we respect the principles of excellence and competition that underpin the future health of
LS research, we must continue W nurtare the blonan capital that educates, invents, and
administers — not jost for the sake of science and technology, bt for our suciety as a whole

Once again, allow me 1o wnderscore this Administaton’s viston fow seience and
wehnology:

’ Advances in S&T - spectacular and aften budlh on ;}zzzizw{s%zpq - are anseparable from the
Nation’s fuiure. _
. Duespite dire predictions, we have held the Hing in the aggregaie puichiasing power of

Federal S&T. Two years ago, during a period of S&T budget frenzy on 'L.-ipiml Hill, 1
quoted the wise advice of Thomas fefferson whe once coumseled “A litile patience, and
we shall see e e of witches pass over. their spells dissolve, and the people
recovering thetr tue sight. restore their government 1o its true principle.” [ belseve that
afier we ve finished the task of getting the hudg&»t deficis under gontrol. support for S&T
should grow and track at least with the GDP. 1Iam;a, with our suceess in denonstrating the
added value fram such invesiments. :

. Research lnks with educanion are shsolusely vssentinl, and aot just in graduaie schocl
since developing human copital is a long-term. overarching goal.
. We are inventing new wavs of doing business. By coupling reseursh choices more

explicitly to national priorities, we reshape the &7 portfolio, with advanees i
fundamental knowledge at the core

* CUnless the scientific community stays invelved and wlks 10 18 “iavestors”™ - citizens and
their elected representatives « we witl suffer in the budget wars through “silenee” wid
forfeit our competitive advantage.

This is part of 2 new social contract, one that dervands explicit Haks between knowledge
production and its applications in policy and pracuce. As Prosident Kennedy onew reminded us,
“heientists alone cmr establish the ebijcotives of thoeir rosearcly, but sociely, i extending supporl
10 selvtee, st take zecount of g own needs.” T arge you 1o look under, over. and beyond
budget trend Hoes, Wo must emphasize stategie ‘-izinkhzg andd (Wgzmi?‘iti{}ml change. ni
budgets per se, since resourees will inevitably fag var ’-.i}lhl ions und promising ddeas. As
C{}z;i,rcssmarz Gegrgz Brown wmg:iv p()l[iii-. out. 1 we are 1o pr eserve the future hewlth of dw
Nation, we need 1o focus on S&T polmy not solely bm!gl! policy, The twa are clearty linkedt.
but 100 afien we lose sight of the Tong-term S8&7 policy wisile getling exersised annually over
numbum in the budg,u ](.,(1!...0 ‘ ) B : o

In thc davwn of the fwenty- Fi centiny, T do pot ohsse on o somber note, Tor ot has hoeo
a century of seientific conquest snd techoical trimnply,

ual
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Nuver in our country s short history or even in the longer history of scicnce has the
prospeet been brighter, or the need greater for collaboration between those in government
shaping S&T policy and those of vou who work at the lab bench,

The challenges swe grapple with today are without precedent in human history, Letus
always remember that wisdom is the child of experience as we move wward a new ¢ra in which
seience will be ereastngly chatlenged to fulfill its promize, And as we lean into the future, ot
us also resolve to encourage other talented voung men and women W jain us i these disciplines
whicl require so nuwh from thent but which luve so nuch 1o give 1o aur citizens and ta the
prople of the world,

So w each of vou [express my deep appreciation for vour contributions so the welfare of
mankind, 10 the priceless storchounse of knowledge, and (o the options of new teclnology so

essential for the futne,
by, Tam reminded of what the great Froneh Murshall Lyvautey ance said when he
asked his gardener o pland o ree. The gardener protested that "the tree would not bear fruit fora

hundred years. “In that case.” Lyantey responded, “plat @ this afternoon.”

That 1 bew | feel abowt vour work, Godspeud 1o cach of you, and may the best be yetwo
conye!

Thank vou very muh
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The 7 percent solution *

Funding basic scientific research is vital to America’s future

s many of us gazed up at the Hale-Bopp comet this

spring, wondrous and serenc in the hoavens, an

angry Hemall rpped through the scientific com-

munity below, Bt was written by Alan Hale, onc of
the men who diseovered the comet two voars ago.

Hale, i# furng out, carsed a Puid in astronomy from
New Mexice State Uriversity in 1992 and hias singe had
terrible trouble finding decent-paying work, His wife, 4
nurse, is the family's main souree of tugome. So distilu-
stoned is he with Amoriea'’s "sclentific HHeracy” and the
drying up of research jobs that he
would not encourage todays stu-
denis ts pursus scientifie careers.

Por many in the ficld, there i
potgmant irony in Hales story. Heis
one of many yeunger PhD% whe
conid put thelr names on new dis-
coverios in science and sechnolory
in the years ahead. A recent visit (o
the Califoruia Institute of Technolo-
gy and the Jut Propulsion Laborn-
1oty noarby found seientigte bub.
biing with excitement about
prospestive breakthronghs, Yet
there is & legitimate and growing {ear nmong these spme
peopde that the natien really dossnt understand or sup-
port thelr endeavors. Fow are as gkmmv #s Hale, but
itearty all share his concems.

Down, down, dewn. The clearest form of national support.
for selenge is the feiicﬂ] al budget, which funds 60 porcent -

i For decades, mpemms
increased. I gach of the past four years, however, foederal
investment by resaoarch has dedlined, and President Chin-
Mm%mmmﬂlm;z pextyear,

Since March, in an unprecedented show of unity, the
heads of over4o organizations representing morethan 1.5
_million sclemtists, engineers, and mathematicians have
- endarsed a joint statement expressing alarm that re-
'-m&mh-mmmﬁnmmmwlmaf GixF are approach-
Jnp a 40-vear Tow. T e that federal spending on
etisearel and dwclaz}mcul be inereused hy 7 perecnt next

©_year—gpangl to make up for past inflation and o reverse

i trend, A growing number of Repudsiicans, d by Texas
Sen. Phil-Ueavan {a defielt lieek), and some Peamocrats

E. f_}:',f?%} ff%m "
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are joining the fight, Gram wanis 3 doubling of science
spending over the next decade,

The argumeanis for substential increases are compel-
ting. Some believe the end of the cold war means we no
longer noed sclentific rescarch to protect our security.
What they ignore is that the lag time between bagic re-
segreh and military application ig ofters 20 to 30 years;
weapong used in the Persian Guif war, for example,
emerged from research in the 1960s. Who can say with
certainty today thay wa will not need advanced mili-
tary teehnology 8 quarter ceniury
from now? )

Economists beliove research s
also essentid to growth and keeping
aur competitive edge. Stanford’s
Micimgz;&%mm:n Balf
of all long-tern economic growth
stfice Workd War 11 in_industrial-

b ized nanions 18 due to technological
da VE T

i _progresscyhich, in_tum, is reoted
in basie veseargh, Al the University
of Pennsylvania, Edwin Mansfield
has found that academic research i
science has a “social rate of reteen”

,m«:f:z zA "

in the forn of lower prices, botter products, am} higher

productivity that exceeds 20 percent.
Finally, we should understand how science advanees

our quality of life. Allan Bromley, science adviser to Presi- -

dent Bush and now doan of engineering at Yale, pomts
gut, for mmple. that in_the past five :

learned more abgut the human hr@z}_an;i,;;gn_r;ai pervous
SYStein than in all prior history,” thanks to imaging and

chemical tests developed by enginieers from basic physics,
chemistry, and mathematics. Sinee brain-related disor-
ders send more Americans o the hospital than any other
disease group, this progress is very good news indeed.
.Ata the of scarce resourees in Washington, itis tempt-
ing o sce the sclentific community as just onc more
hungry elaimant: That's shortsighted, Like public 2duca-
tion, serious funding for science is & vital nationa) invest-
ment. The men and women in sur laboratories stand at
the threshold of dazzling new breakthroughs, and the
uation should be standiog there with them, supporting

their wark and shoring in their jovof discovery, Co-
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Novenbaor 26, 1997

MEMORANDUM FOR RON KLAIN

FROM; JIM KOHLENBERGER
SUBJECT: SCIENCE AND TECHNGLOGY IDEAS

Yesterday you asked for 8 collection of big new ideas in Science and Technology. T have
attached two separate picces.

L Science and Tech Big deas, The first piece s a collection of big ideas that we
could do 1 we were in a perfect world, More staff work would have to be dope 1o
move {orward on any of these. This is more of a wish list of iems,

» Science and Tech Prioritics New for FY99 That Are Already in Play, The
second piece 1§ a collection of FY9Y ttems that we are working towards and |

think are achicvable in the FY99 budget process with some lfling.

"Lt me kpow if these are what you are looking for.



FY 99 Budget Priorities

21st Century Teachers.

For about $200 million, with some coming from existing edtech budgets, we
could train every new teacher and provide a technology specialist in every
elementary school in the country. This new initiative allows teachers to catch-up
with the rapid deployment of technology in the classroon that our various
educational technology initiatives are bringing ($2.25 billion a year e-rate and
$500 miliion in other edtech money). It also helps to dispel the notion that all we
care about 1s hardware and don’t understand that for it to be successful, teachers
must be trained.

Digitizing National Treasures

A new $17 million public/private partnership to capture the cultural and scientific
treasures held in federal collections in digital form, make they widely available
through the Internet, and develop interpretive and instructional programs to make
them more accessible. We can put over 5 million national treasures on-line by the
year 2000 from the collections of the Smithsonian, the National Park Service, the
National Archives, the Library of Congress and other Museums across the
country. We would launch a 5 year program funded at $17/year . The federal
funding would be matched by donations from private firms. The request is for
Smithsonian'5M, National Archives $2M, National Park Service $2M, NEH $4M,
NIZA $2M, and IMLS $2M.

Increase in Cancer Rescarch

Increase cancer funding by $250 million to $714 million more than more than the
FY 98 request (32.442 billion for FY 98) for funding to fight cancer. The funds
will be used to: 1) enhance cancer prevention research, 2) improve carly detection
and diagnosis to make cancer more treatable, 3) new interventions 4) more
patients involved in clinical trials and 5) increasc access of the American people
{0 state-of-the-art information about cancer and cancer interventions.

Digital Globe: A Next Genceration Information Infrastructure

The Vice President has long envisioned a “digital globe” accessible to anyone
unywhere that allows rescarchers and others to “drill-down” to information in a
digital version of the planét in an Inteinct like infrastructure. This cffort, to create

" a.geographically based information infrastructure, is comparable to the original
“federal investment that led to the Internet itself. The request is for $25 million o

+ year for to launch the first step which wouild make available | meter resolution
imaging of the entire earth in a new digital infrastructure that allows scientists,

historians, and others to build upon this shzm:d clectronic resource.,

- l)ul)lll. Bruadcastmg s Transition to Digital Television - . .
C P13 hds submllled a proposal to OMB for $7?l mllllon over, lhrec )’Lﬁl‘b In new



federal money Jeveraging $1.7 billion total for an carly conversion to Pigial
Television, The FCC has mandated that alf station’s convert to digital
prograsmning by 2003, Public broadceasting has historically led thwe way in the
deployment of new technologies including satellite transmission and closed
captioning. We certainly don’t want to feave public broadcasting behind in the
transition to digital. And it could revolutionize educational technology.
However, there arc several questions raised by the proposal. Should their
transition occur ahead of the private seclor’s transiion? Could the cost of
conversion be reduced through public interest ebligations by commercial
broadcasters to allow tower co-siting or other means? Will Congress decide
instead to use the money for a teust fund to wall ofT public broadeasting from the
annual appropriations debate {as we have called {or in the past} leaving public
broadeasting behind?

R&D for Learning Technology

$100 million for R&D for evaluation and tool development in educational
technology. This meney helps us answer the question of how and why
educational technology works in the classroom. ($48M DOD, §58M NSF, $2M
$21)

Learning on Demand

Mew $100 sullion initiative to bring technology to hifelong leamning. Sperling
will probably take the lead. The Vice President just announced a new Executive
Memorandum that charged NEC with coming up with g national Learning on
Demand strateyy. ‘

Build National Spallation Neutron Seurce (NSNS} in Tennessee

In 1999, the project warrants about $140-157 million, o begin long-lend
procurcent and detaied weehmen! {Architectural & Lngineering} design, Failure
to deliver this funding will be an indication (o ihe Energy Community that the
Administration is not serious about buslding the NSNS,
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Passible Science and Technology Initiatives

Expanding the franticry of knowledge - maintaining our commitment o basic
research, To reciaim a Clinton-Gore priority {rom Congress and ensure that
America continues to reap the long-term bencfits of R&D, we could invest in our
R&IDD) budgels to beat inflation and beat Japan’s investiuent., Japan plans to doubie
their R&D spending by 2002, 11 UK. wends continue, Japan will overtake the
U.S. in R&D - in 1ot dollars, not just as a share of GDP.

i Seperately we could permanently extend the R&E tax credit -+ which is
currently scheduled to expire in mid-1998. We could also explore
additional eredits for indusiry support for ustversity rescarch,

° Expangion of univeraiy-based R&D could be linked 10 a set of “grand
challenges” - big questions we do not have the answer to, such as:

- How do we care cancer?

- How old is the umverse?

- How do we fcam and remember?

- How and why do cells die?

- How do we produce materials with ag waste by-products?

. Are planets in other solar sysiems capable of sustaining Hic?

- How cat we transfory raw data from a variety of disciplines into
new insights and useful knowledge?

Permanent Telepresence on Mary

Establish a permanent robotic presence on the surface of Mars by 201 thai can
serve as 2 virtual laboratory for seicntists and educators around the world using
the capabilities of the Internet and other advanced computing and communicistions
technologies,

i}ppm’iimlt\ for all in the Infsrmation Ape
We could expand investmient i the gaes of informuation lechnology, such as:

® ° lmproving the quality of life for people with disabilities with techmologics
~ such as speech recognition, text-to-speech “ ‘
¢ . . Cyeating opporiunity for working Americans to %mm ‘anytime, zzzywhere”-
~ through distance education : ‘
* Puiting govermment onling, de ma?\lng it more efficient, FCSPONSIVE, ami
 user friendly
® A “Digital Globe™ 121D map of the entire planet at 1 meter esolution] that

. would sérve'as a powerful tool for education, crisis management, and
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deciston-making on environmental issues (a “S8it Room” for the planct)

& ' Sceure electronic medical records that automatically let doctors know
about new freatment oplions for patients

. Digitizing America’s cultural heritage {e.g. Smithsonian, Library of
{Congress) as onec of the Milennium “gifts”

. Fighting crime by allowing swat 1cams from different agencies/level of

governments (0 conmunicate on secure wircless networks - and access
law enforcemunt ditabases froni squad cars

Expund investiment in maintaining US. leadership in information
technelogy. Information Technology 18 now the single biggest U.S. industry.
‘This would involve research fike:

Making U.S, networks “hacker-proof”

Developing easier-to-use computers that “understand” human speech
Finding a specific picce of information in a huge sea of digital information
Putting a “supercamputer-on-a-chip” that will allow devices like a Dick
Tracy watch that fits on a lapel pin

L Intelligent agents

. " » 8

National Food Genome fnitintive. We could achiove Global food seeurity by
the year 2015 by establishing a Food Genome Project to ensure and utilize our
bage of genetic resowrees. Food production is the nation’s largest industry
about 135 percent of GDP. By mapping the genetic sequences of agriculturatly
imporiant plants and animals, we can dramatically increase our agricultural
productivity and exports. This could cost about ${00 million a year.

. Preserve the Nation's Biological Heritage/Stem Biodiversity Loss

Establish mechanizsins and put them in place nationwide to preserve the vital
functions of our ecosystems, ncluding the diversity of fife they contain, by 20107
Complete the foundation of basic knowledge of spucics and their interaction with
the environment, Develop a solid, scientifically-based predictive capabiiity, an
operational "calentus of biodiversity”, Put in place, throu;mh public-private
partnership, comprehensive habitat manag,umn{ plais covering all arcas of the -
country, including a system of conscrvation areas, incentives for private property
OWHCTS, imd assurances for the development needed for growth of the country.

Early dingnosis and treatment of diseasex with a genetic component {e.g.

- cancer) Thanks 1o the Human Genome Project - we-are well on our way (©
- xuqucnun& tim ultirc human g,{.nom(. ‘However, knowmg, where the genes are s

s T L. L e, . Ce . - e ey, i . LA



not the same as knowing what they do. For example, according to the President
of MIT, “we do not know all the specific genes whose mutations contribute to the
development of cancer, nor do we understand the mechanisms by which they do
it. This includes both "oncogenies,” which can cause cancer, and "tumor
suppressor genes,” which suppress excess growth and, if absent or damaged,
allow tumors to develop.”

Investments in the ficld of functional genomics will allow us to link specific
genes to specific traits and discases - which will eventually lead 1o more effective
diagnosis and cures of a wide range of diseases, including cancer.



Remarks by Wice Presidenm Al Qore
“Creating New Jobs for the 21st Contury: Investing i Research and Technology”
Aunouncement of R&E Tax Credit Extension, Genenteels
Thursday, January 29, 1998

Two nights age, in his State of the Umon address, President Clinton suminened al}
Americans o strengthion our pation for the 21st Century --to build the future that is now within our
reach: 2 future of new jobs for & new economy; a futwre that is stronger, healthier, and more hopefin
than any me 1 himan lstary, As the President said on Tuesday, a child born in 1998 may welt
ive to see the 23nd century.

And it s fitting o come here o Genentech, one of the leading Biotechnology companivs of
the world - company with an astonishing 2,900 patents worldwide, and another 1,900 pending «1o
el Amoernics what you ¢ lcarty know to be truer that in the 21s1 Century, a growing share of o
nrosperity witl be built on rescareh and discovery.

Of course, that is because the work you do here saves Bves, and improves lives -for those
who sufler from strakes and heart conditioos, for children with growth deficiencics, for women with
bzmst cancer, for young peop e with cystic fibrosis. Our adnunistratien’s comimitment to that ki

of puthebroakiog research is elear

This morming at the White House, | announced that we will propose the i;iré,{,s’ PISrCast 1
history for cancer research al ihe Natlonal Institoies of Health —-to unlock the dark scorets of discase,
and 1o help our generation become the one that finallv wins the war against cancer,

But here at Genenteeh. vou bave taught us another lesson: in the 21st Century, rescarch md
experimentation —-iinovation and ngensity -—-is about our livelinoods as well as gur Hives,

Today, the gh-tech industry is already the biggest employer in the United States —and #8's
growing. And high-tech means high-wage --with pay that 15 73% above the privale seolor avemge.

[U's not every day that we can celebrate an industry that is about new jobs and
groundbreaking, life-saving discovery at the same time. But President Clinton and | believe that we |

must promoty that knd of industry --as actively and as aggressively as our halaneed bl.zdgct aliows,

i{}{i«w I am pleased to announce that in the budget we will submit to Congress next week,

‘wé will propose an cxlension of America’s $2.2 bitlion Research and Experinientotion tax credit.

In o world where imagination is enly one simall step ahead of reality, 1 relentless focus on the futvie
~-and larpeted investments in research and dev clopment --are the hest ways for America to sueceed,
Thizs R&E tax el muans more 'ngihwzigc 1ebs for flz 21st Century, Here ot Conentech alone, 1t will
prean 130 now jobs for Californims, '

Naw tx cuts for ztﬂm:d and ”},;}{,rsmumvm} are JUst oue part of our conunitiient. As the
Emsszu a;zmzzzzcui zwo zazg}izgg ago, as p.n{ ef our vl"i o the pow mi‘icumum Wi are also
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nroposing # new Zist Contury Researeh Fund for path-breaking seientilie ingquiry ~-the largest
ipvesinenl in civilian rescarch and development in American listory. As pant of u one-third overal

increase in research fudding, this new find will iclude te largest-over inorenses m the budgets of
the National Scwence Foundation and the Nauonnl Institutes of Heahth

Takon together, the $31 billion inthe 2st Canury Research Fund will help us o cure deadly
discases; 1o find new sources of clenn enerygy, o subjeet T owill address when 1 visit Brsh
Petroleunt’s brand new solar plant in Fairficld tomworrow; o build the next generation of the
Internet, moving LO00 things faster ti the current onel and 10 continue to explore the heavens,

n the old economy, growth depended targely on capital and Iabor. But we have teamed tha
the true engines of growih today e idens --and the teehnologies and higher producuvity those ideas
creatg. As the econontst Paul Romer hus shown, as naueh as huil of our nationy’s coononic growth
in the Jast fow decades has been due to weehnological lanovation. And unlike investments (n plantg
or equipment, our tnvestments in innovation do not face the problem of diminishing returns.

That is why the impact ol W0day’s announcement goes fav beyond the high-tech ndusiny.
More research and development mwesos higher productivity, rnising wages, and Jower cosis
throughout our ceonomy.

Over the past half-cemury, we have split the atom: sphiced the gene; put men on the moon;
invented the microchip, the laser, and the Internet --and none of these sceomplishiments would have:
happened wilhout federal investiment. In fact. Genetech’s 3,200 jobs might nol be here st ull i our
federal government had not iovested in the rescarch that led to the discovery of DNA. These
achigvemcents have expanded our fronters of knowledge, spavwned entire indusiries, and eremod
milbong of jobs,

Idon’t kngw what mnovations will create the jobs of the next haff-century --but wiih the
mvestments [ am announcing wday, T ant counting on ail of you (o find o,

It huas been more than 200 vears since exploress st landed on O cosst of Califorma,
Today, you are Amerien’s now explorers —bwiding a betier Hie for ol oer peopie. Pm proud that
we are nvesting in making your job easier --so that you can boing more jobs and more progress o
Amened, 1o keep 1he State of our Union sirong.



Meeting with Professor Stephen Hawking
West Wing Office
3udt pm - 4:00 pom, Toesday, January 20, 1998

Mueeting requested by you,
Briefing prepared by Jim Koblenberger and Dan Tayler,

EVENT

You are mesting with Professor Stephen Hawking, one of the greatest minds of our day. Mo has
oiten been compared to Vinstein or Newton, While you and the President spend your day
working on the Jaws of the country, gs a cosmologist, Hawking spends his days working on
uzséemiazzéiagyi w lnws of the universe, Stace you didn't get 2 chanee 1o spend time with hin lagt
vear when he delivered onc of the Millenmium lectures, we thought this would be a good
informal opportunity to get to know him betier, Nete: this event is ¢losed press.

PROGRAM NOTES

v Professor Hawking 1 visiting Washington as part of an American lecture tour that
will also take him to Chicago. The night before your meeting he will deliver 4
fecture at the Kennedy Ceonter on “The Expanding Universe and the Power of the
Fhuman Mind 7

y As you recall, Prefessor Hawking was last at the White House on March 6, 1998,
as the guest lecturer for the second Millonnium Evening, His speech was titled,
“aegination and Change: Scienec in the Next Miflennien 7 You asked
Professor Hawking a question vin emat! {you were in New Hampshire), Note!
your guestion and s answer are attached, A picture of Professor Hawki 1w and
the President o this eveni leads off Frofessor Hawking s Web page.

. His best-scliing book about the cvolution of the universe, 4 Bricf History of Thme:
From the Big Bung to Black Foles, hag been trunslated into 33 lanpuapges and has
sold 9 millien cepies. Professor Hawking is the Lucasian Professor ¢f
Mathematics at Cambridge University, a position once held by Sir Isasc Newton,
He is also.the head of the General Relativity and Gravity Group in the Depariment
of Applicd Mathematics aid Theoretical Physics.

. Mawking's other books include The Large Scalz Structire of Sp?me Time (1973);
General Re;’arm{y An Einstein Centenary Survey (19793, Superspuce and
anpdrgravity (1 981 X an{i iﬁac}{ ;’{9;’{{& fm(f Ba 5}}? {}}zzverses and Other Essapy
(1 993) :



. Professor Hawking is scheduded to make o guest voice uppaamnce on the
anunated TV servies The Simpvons i April

. Hawking recemiby celebeated bns 37th birthdoy Qamuny 8). He s marvied 1o June
Witde, o linguist, aid bas three children: Robert, Luey and Timaethy,

ATTACHMENTS

v Professor Stephen Hawking's hio
- Hawking’s comments on lus disability
s Hawking’s Millconiunt serics lectare, “Seience in the Next Millennivn ™

. Q&A with Professor Hawking, March 6, 1998



~ A Brief History of Mine

Stephen Witlian Ma wkm&‘ was born on 8 January 1942 {300 vears alter the death of Gelideo) in Oxdond,
England. Fis parenist house wars i north Landon, but dur ing the sceond world war Oxford was
considersed a safer plice to have babies, When ke was cight, s 2 iy moved 1o 81 AThans, a fown abowy
20 miles sorth of London. A cleven Stephen went o 80 Abang School and then on @ Universiy
Cotlege, Oxlord, hig futhers old college. Stephen wanied o do Muthematies, although his father would
have preferred mediome. Mathenmatios was not available at Upiversity College, so he did Physics
instend, Afler three years ind sot very much work e was awarded o first elass honours degrec s
Natural Sclenec,

Stephen then went on e Cambridge 1o do research in Cosmology, there buing vo-one workag wn that
area in Oxford ot the time. His superviser was Denis Sciana, although be had hoped o get Fred Hovie
who was working in Cambridge. After paining his PhD. be became first a Rescarch Fellow, and later on
a Professonal Fellow at Gooville and Caius College. After leaving the lostitute of / Xsimzzomy in 1973

stephen came to the Department of Applicd Mathematics and Theoretical Physics, and since 1979 has
held the post of Lucasian Professor of Mathemstics, The char was founded 1n 1663 with money leflin
the will of the Reverend Henry Lucas, who had been the Member of Parliament for the University, It
was first held by Isaac Barrow, and ﬂlen in 1663 by Isaac Newton,

Stephen Hawking has worked on the basic laws which gevern the universe. With Roger Peorose he
showed that Einstein’s Geoeral Theory of Relativity implied space and tme would have 2 beginning in
the Big Bang and an end in black holes. These results indicated it was necessary to unify General
Relativity with Quantum Theory, the ether great Scientilic development of the first half of the 20th
Century. One consequence of such a unification that he discovered was that black hales should ot be
completely black, bul should emit radiation and eventually cvaporate and disappear. Another conjecture
ts that the universe hus no odge or boundary 1 tmaginary time. This would imply that the way the
universe bepan was compleiely determined by e laws of sciencee,

His many publications include The Large Scale Structure of Spacetime with U IF R Ellis, Ceneral
Relativity: An Binstein Centenary Survey, witlh W Israch, and 300 Years of Gravity, with W lsracl.
Stephen Hawking has two popular books published; his best seller A Briel History of Thoe, and his e
book, Black Holes and Baby Universes and Other Essays,

Professor Hawking bas twelve i;a}z‘zi}f‘ary degrees, was awarded the CBE 1n 1952, and was mwfi @
Companion of Honeur in 1988, He is the recipicat of many swards, medalys and prives a.ld iz a Fellow ol
The Royal Society and a Member of the US National Academny of Scienices,

Stephen Iifzwmm,, confimics to combine family life (he has three children and one grargiehitd), and his
research into theoretical physics together with an extessive progranune of travel and public lectures.




Disability advice

My Experience with ALS

am quite often asked: How do you feel about haviog ALS. The answer s, nota lot 1oy Lo lead as
normad a hife as possible, and not think aboutsny condition, or regret the things i1 prevents me lrom
doing, which are not that many, '

It was a great shock to me to discover that | had motor neurone disease. { bad nover been very vl
co-ardinated physically as 2 child was not pood a1 ball gamces, and my handwriting was the despaiv of
my ieachors, Mavbe for this reason, | didn't care much for sport or phymcal activities. But things scemed
to change when | went o Oxford, of the age of 17,1 took up coxing and rowing. | was not Boat Race
standard, bul T got by at the level of wter-College competition,

In my third year at Oxford, however, | noticed that | seemed o be getiing more clumsy, and | felf over
once or twice for no apparent reason. But it was not unti} [ was at Cambnidge, in the following year. that
my father noticed, and took me to the family doctor. He referred me to a specialist, and shortly afier my
21st birthday, [ went into hospital for tests. | was in for two weeks, during which | had a wide variety of
iests. They took a nwiscle sample from my arm, stuck electrodes into me, and injected some radio
apague fluid into my spine, and waiched it going up and down with x-1ays, as they 1ilted the bed. After
all that, they didn't tell me what | had, except that it was not multple scierosis, and ¢that [ was an
a-typical vase. | gathered howover, that they expected it to continue to get worse, and that there was
nothing they could de, except give me vitamins. | could sce that they didn'l expect them o have much
effect. 1 didn't feel like asking for more details, because they were obviously bad.

The realisation that [ had an ingurable disease, that was likely to kill me in g fow yeoars, wasa bit of a
shock. How could something like that happen to nye. Why should § be cut ofl like this. However, while |
had been in hospital, [ had scen a boy | vaguely knew dic of teukacmia, in the bed opposite me. [t had
not beert a pretty sight. Clearly there were people who were worse of { than nie, At lsast my condition

~didn't make me feel sick. Whenever [ feel inclined to be sorry for myself | remember that boy.

Not knowing what was going to happen to me, or how rapidly the disease would progress, § was ata
loase end. The doctlors 1old mc 10 go back to Cambridge and carry on with the rescarch [ had just stanted
in general relativity and cosmelogy. But | was not making much progress, because § didn't have muoch
mathematicnl background. And, anyway, | might not bve long enough to fimish my PhD. T felt somowhat
of a tragic character. | took to Hstening 10 Wagner, but reports in magazine articles that | drank heavily
are an exaggeration. The trouble, is once one article said i, other anticles copied it, because it made a
good story, Anyihing that has appeared in print so many times, must be true.

My drenms at that time were rather disturbed, Before my condition had been dizgnosed, 1 had been very
hored with life, There had not scemed 0 be anything worth deing. But shortly after | came out of
hogpital, T dreamt that [ was going to be executed. 1 suddenly realized that there were a lot of worthwhile

-things 1 could do if T were reprieved. Another dream that 1 had several times, was that | would sacrifice

my life 1o save others. After all, if T were going to die anyway, it might as well do some good. But i

didn't die. In fact, although there was a cloud hanging over my fiture, 1 found (o my surprise, that | was
enjoying life in the present more than bofore. | began to make progress with my research, and [ got
engaged to a girl called Jane Wilde, who T had met just about the time my condition was diagnosed, That.

. cnpagement changed my Bife: It gave me something to Bve for, But it also meant that 1 had to get a job if

1of3 -

‘we were to get married. T therefore applied for a research fellowship 2t Gonville and Caius (pronounced

Keys) Colloge, Cambridge. To niy great surprise; I'got a fellowship, and we got married a few moaths
later. - : . - : . . - . .

The fellowship.at Caius took care of my immediate employment problem. | was lucky to have chosen to
wark in theoretical physics, becauge that was one of the few areas in which my condition would not be a

" serious handicap. And 1 was fortunate that my scientific reputation increased, at the same-time that my
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disability got worse. This meant that people were prepared o offer me a scquence of positions in which |
only had to do rescarch, without having to lecture.

We were also fortunate in housing., When swe were married, Jane was still an undergraduate at Westfield
College in London, so she had to go up to London during the week. This meant that we had to find
somewhere I could manage on my own, and which was central, because [ could not walk far. [asked the
College if they could hiclp, but was told by the then Bursar: itis College policy not to help Fellows with
housing. We therefore put our name down to rent one of a group of new flats that were being built in the
market place. (Yews later, I discovered that those flats were actually owned by the College. but they
didn't tell me that.) However, when we returned 1o Cambridge from a visit to America after the marriage.
we found that the flats were not ready. As a great concession, the Bursar said we could have aroom in @
hostel for graduate students. He said "We normally charge 12 shillings and 6 pence a night for this room.
However, as there will be two of you in the room, we will charge 25 shillings.” We stayed there only
three nights. Then we found a small house about 100 yards from my university departiment. [ helonged
to another College, who had let it to one of its {ellows. However he had moved out to a house he had
bought in the suburbs. He sub-lct the house to us for the remaining three months left on his lease. During
those three months, we found that another house in the same road was standing emipty. A neighbour
summoned the owner from Dorset, and told her that it was a scandal that her house should be empty,
when young people were looking for accommodation. So she let the house 1o us. After we had lived
there for a few years, we wanted to buy the house, and do it up. So we asked my College for a mortgage.
However, the College did a survey, and decided it was not a good risk. In the end we got a mortgage
from a building society, and my parents gave us the money 1o do it up. We lived there for another four
years, but it became too difficult for me 1o manage the stairs. By this time, the College appreciated me
rather more, and there was a different Bursar. They therefore offered us a ground floor {flat in a house
that they owned. This suited me very well, because it had large rooms and wide doors. 1t was sufficiently
central that I could get to my University department, or the College, in my electric wheel chair. It was
also nice for our three children, because it was surrounded by garden, which was looked after by the
College gardeners.

Up to 1974, I was able to feed myself, and get in and out of bed. Jane manaped to help me, and bring up

the children, without outside help. However, things were getting more difficult, so we took to having -
one of my research students living with us, In return for free accommodation, and a lot of my attention,

they helped me get up and go to bed. in 1980, we changed to a system of community and private nurses.

who came in for an Lhour or two in the morning and evening. This lasted until T caught pnewmonia in

1985. I had to have a trachcostomy operation. After this, I had to have 24 hour nursing care. This was

madc possible by grants from scveral foundations.

Before the operation, my speech had been getting more slurred, so that only a few people who knew me
well, could understand me. But at least I could communicate. 1 wrote scientific papers by dictating to 4
sccrelary, and I gave seminars through an interpreter, who repeated my words more clearly. However,
the tracheostomy opcration removed my ability to speak altogether. For a time, the only way [ could
communicate was to spell out words letter by letter, by raising my eyebrows when someone pointed to
the right letter on a spelling card. It is pretty difficult to carry on a conversation like that, let alone write
a scientific paper. However, a computer expert in California, called Walt Woltosz, heard of my plight.
I1e sent me a computer program he had written, called Ligualizer This allowed me to sclect words from
a series of menus on the screen, by pressing a switch in my hand. The program could also be controlled
by a switch, operated by head or eye movement, When I have built up what 1 want to say, [ can send it (o
a speech’ synthesmcr Al first, I just ran the Equalizer program on a desk top computer. However David

.Mason, of Cambrnidge Adapilvc Communication, fitted a small portable computer and a speech

Synlhcmzcr to my wheel chair. This system attowed me (0 communicate much better than [-could before. -
I can manage up to 15 words a minute. [ can either speak what | have written, or save it on disk. | can

" then print it 'out, or call it-back, and speak it sentence by sentence. Using this'system, [ have written a

book, and dozens of scientific papers. I have also given many scientific and popular talks..They. have all -

been well received. [ think that is in a large part-duc to the quality of the speech synthesizer, which is

made by Speech Plus. One's voice is very important. If you have a slurred voice, people are likely to
treat you as mentally deficient: Does he take sugar? This synthesizer is by far the best { have heard.

: because it varies the intonation, and doesn't speak like a Datek.- The only trouble-i is that it. glvcs me an: . .

American dccunt Hao wever, the company.is workmg ona Bntlsh version.
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§ have had rostor neurone disease for practically aft my sdultlife, Yeust has not proveated me from
having 7 very atmctive iy, and being suceessiul in nry work, This is thanks 1o the belp T have
received from Jnne, my children, and g large nuber of other people and organisations. Lhave been
fucky, thist my candition has progressed more slowly than is eften the case, Bat v shows that one need
ot fose hape.

You can request information on ALK and Motor Newron Disease from The Motor Meurone Disvase
Associaiiog,

There is alse a helpline on 6343 626262, (Monday to Friday 9.00 ~ 22,30, Calls charged at localhwste
within the UK)

The Intenmtional Alllance of ALS/MND Associndions may also be aselul in providing informution’
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Setence in the Nexi Millensinm
Remarks by Stephen Hawlking

My theme gomight 1% science it the sew millennium. The popular picture of
seiuenae m the frture 1y shown on wlovimion every night in science lichion series
ke St ok, They even porsuaded oo o ke part, nol that 10 was difticuls,

FCHy tronns St Trok showsl]

Becimise ol the red alert Unever collocted nty winmings, | approached Paramoun
studios but they didn't know the exchange me.

The Star Trek appearance was great fun, but [ show it to make a serious point.
Ncaz‘ly all the visions of the fiture that we have been shown from MG Wells
apwerds have been essentially static. They show a socicty that is in most cases
far in advance of ours, in science, 1wt technology, and in polztical organization.
{The last might not be difficaly). ‘There must have bsen g great changes with thelr
accompanying lensions and upsets in the period between now and then. But by
the fime we are shiown the future science, technology, and the organization of
socicty, are supposed 1o have achivved a level of near perfection,

1 wunt to question this picture and ask if we will ever reach z {inal steady state
of science and iechnology. At no time in the ten thousand years or sa since the
last fve Age has the human race been in a state of constant knowledge and fixed
techinoiegy. There have been a fow set backs like the Dark Ages after the fall of
the Roman Empire. But the world's population which is o measore of our
technolopical ability to preserve life and feed ourselves has risen steadily, with
4 feaw hiccups like'the Black Death. lo the last two hundred vears the growth
hus become exponential, that is, the population grows by the same percentage :
cach year. Cuarrently the rate 15 about 1.9% a year. 1.9 % may not sound very
el but it means that the world population doubles every 40 vears. Other
measures of technological development in recent Limes are electricity
cansumytion, or the nymber of scientific articles. They also show expoanential
growth with a doubling tme of 40 years or less. Indeed, we now have such
%wg, htened expwzaﬂom that some people feel cheated by politicians and
scientists because we have not already achieved the Utopian visions of the
future. For example, the {ilm Two Thousand and One’ showed us with a base
on the Moon and launching a monngd, or should | say porsonned, flight o
Jupiter. | can't see us managing that in the nexi three years, whoever wing the
election.

There is no sign that scientific and teehnological developrent will slow down
and stop in the near future, Certainly not by the time of Star Trek which is only
about 300 years away. But the present exponential growth can not continue for
the next millennium, By the year 2600 the world's population would be
stunding shoulder to shoulder and the cleetriciy consumption would make the
Earth glow red hot. If you stacked the new books being publ ished next 1o each

* otlier you would have to move at 90 miles an hour just to keep up with the end

of the line. Of course by 2600, new artistic and scientific work will come in
electronic forms rather than as physical books and papers. Nevertheless, if the

E c.xponcn{lal growth continued, there would be ten papers a second in my Euzzzi

of-theoretical physies, aid no time to read them.

Clearly the present exponential growth can not continue indefinitely. So what
will-happen'? One possibifity is that we wipe oursefves out completely by some’

- disaster such as & nuclear war. There 1s a sick Joke that the'reason we have not |
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been vonteted by extra-terrestrials s that when a civiliztion reaches our stage
of deselopment it beconuws uistable and destroys el OF course it s possible
that LFO's really do contain atiens, us maay peaple believe, and the
government is Iy ushing 1 op. | couldo’t posstbly comment?

Personally 1 believe there's a different explanation why we have not beens
contietod, bat 1 won't go inte it bere. HMowever even withowot thal there is o very
reat danger that we will kil everything on this planet now (hat we have the
reelmological power o do s, Bven iTwe don't destioy ourselves comipleicly
there i3 the possibility that we suight descend into & state of brutadisio and
harhartty like the opening scone of Tenmnatoer,

But 'y an optimist. | think we huve a good chance of avoiding both
Armageddon and a new Dark Ages.

So how will we develop in science and technetogy over the next mitenninm?
This 1s very difticult 1(:« answer. 3ut let me stick my neck out and offer my
predictions {or the futurz. T will have some chance of being right about the nex(
hundred vears, but the rest of the millenntum will be wild speculation.

Our modeorn understanding of seionce began about the same time as the

Furopean setilement of North America. In 1687 Isaac Newton, the second

Lucastan professor at Canibridge, published his theory of gravity and in 1864

Clerk Maxwell, another Cambridge man, discovered the equations that govern

electricity and magnetism. By the end of the 19t century f seemed that we

were about 1o achieve 2 complete understanding of the universe in termis of

what sre now known as clagsical {aws. These correspond to what might scem

the common sense notion that physical guantities such as position, speed, and

rate of rotation, should be boil will defined and continuously vartable. But

CoOmMNIon sense is just another name for the prejudices that we have been )
brought up with. Common sense might Iead us to expoct quantitics like encrgy N
to be cotttinuous. But frons the beginning of the 20th century observations

began to show that energy came in discrefe packets called guanta. Hseems that

Nature 18 grainy not smoott, ' '

A new kind of theory called guantum mechanics was formulated in the early
vears of the 20th century, Quantum theory is a completely different picture of
reality so it should concern us all bot it s hardly known outside physics and
chomisiry and not-even properly understoad by many in those fields. Yetif, as |
hope basic science becomes part of gencral awareness what now appear as the
paradoxes of quantum theory will scem as just common sense to our childran's’
children, .

[ quantum theory things don't have a single uniquec history as our present day

common sense would suggest. Instead they have every possible history each

with j1s own probability. There must have been a history in which the Chicago

Cuhs won the World Series, though mavbe the probability was low, However

for large scale systems like basc ball games the probability is normally peaked

around a single history so there is very little unceriainty. But when one goes (o -
the sniall lengths scales of méwzézzzzi particles thie uneevtainty can become very R

large. For exa ample, if one knows that a particlé is at a point A ata cerain time
" then at & later time i can be arzywberc because it can have any path or bistory

To caleulate the probability that it is at a poisst B one has {0 add up the
probabilities for all the paths or histories that take it from A to B. This idea of
sum over all possible histories is due to the Amcr;can physicist and one time
bongo drum piaycr Richard ¥ cynman

B

g '?%"ze: ;&a}x};z%}ie p'mzcie izm{{}rzcs hzm tQ mcla(}c paths {hai lmve] lasu,r lhan bigg g;,hl .
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arwd even paths that go back i thne. Before anyone sushes ol o patent o tinwe
tachine let me say that in noemud circinmstances at Jeast, one can not use this
for time travel. However paths that go baek i time are not just ke angels
dancing on a pin. They lwve real abservational consequencex, Even what we
think of as empty space is full of particles moving in closed toaps in space and
‘z"m, That is 111(‘)* move forward in tme on one side of the loop and backwards
tie o the other side. These closed loops are said to be virtuat particles
i‘&muz&: ey can not b masured dareetly with pdrliclu detector, However
their effeats can be measured indirectly. One way is 1o have a pair o metal
plates close wogother. The effect of the plates is (o reduce slightly ihe number of
closed loops i1 the region bebwaen the plates cefative w the number outside,
There arg thus morc closed loops tting the outside edges of the plates and
bouncing off than there are hitting the inside edges. One would therefore expuct .
there 19 be a small force pushing the plates together. Thig foree, which was D
predicted by the Turkish physicist Hendrick Casimir, bas been observed
experimentally. So we can be confident that closed particle loops really oxist

The avkward thing is that because therd's an infinite number of points in space
ard fime there are an infinite number of possible closed loops of particles. Thiy
infinite number of loops didnt matter in the caleulation of the force between
two plaies because the numbers between the plates and outside them are both
infinite. There is a well defined way in which one can subtract one infinity from
the other and get a finite answer, It is a bit like the American budget. Both the
government tax revenue, and its expenditure, ase very large sums, almost
infinite, Yet if one is careful one can subtract one from another and gof a small
surplus, at least untll the next election.

Whare the infinite number of closed loops caused trouble was when people

tricsd to combine quantum theory with Einstein's General Theory of Relativity,

This is the other great scientific rovolution of e first half of the 20th century,

1t says that space amd time ave not flat like comunon sense ones 1old us that the -
Earth was flaw Instead, they are warped and distornted by the matter and encr g}

0 then .. An infinite numbser of closed foops »}f{mf’iia?i& would have an mfing

amount of energy and would curl space and time up to a single point.

To dead with this infinite energy requires some really creative accounting, The
key concept was a new-kind of balance or symmetry in nature calied super
symmueiry, which was first proposed by two Russians, Golfand and Likhitman,
in 1971, The idea was that as well as the ordinary dimensions of space and time
with witich we are familiar, there were extra dimengions that were measured in
what wre called Grassmans numbers. Of course, science fiction has been wlling
us for years that there are extra dimensions. But even sgignce fiction did not
think of anything as odd as Grassmann dimensions. Here the word “odd” hag o
technicat use as well as the usual meaning of peculiar. Ordinary numbers are
said 10 be even because it doesn't matter in what order one multiplics them, 6
times 4 is the same as 4 times ¢, But Grassmana numbers are odd i the sense
that x tiones v, is minug y Gmes X,

The existence of these extra {add (iilrzcnszons irplics {hiit avery spccws of .
particle must have a super pﬁr{ncr species. The super.pariner species will also
havé closed loops of particles. But the energy of the super pariner logps wild
kiaves (he opposite szgrz to those of the original species. Thus the infimte”
energies tend to cancel out. But as the President knows, balancing the budget is
a very delicate business. Bven if one removes the main deficit smaller deficits
have a nasty habit of appearing. Mugch of the work in theorctical physics in the
lasi twenty years has been looking for a theory in which the isfinities cancel

womplelely. Only then will we be able to unify Quantum Theory with Einstein's
(eneral Relativity and achicve 2 complete theory of the basic laws of the
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uiverse,

What are the prospeets that we will discover this complete theory i ihe next
millernsum. b wauld say they wens very good but then I'm an optinist, In 1980
}osaid | ihought there was a 30-50 chance thin we waould discover a complete
wiified theory tn the next tventy years. We luve made somw remarkable
progress in the period since then but the final theory seems abour the same
distance away, Will the Holy Grail of physics be always just beyoend our reach?

[think not. At the beginnipg of the 20th century we undersicod the workings of

natire on the scales of classical physics which is gond down 1o about 4
bundredth of a millimetsr. The work on atomic physies in the fivst thirey yoars
of the zentuey 1ook our understanding dovwn (o lengihs of & mil 2162»22 m a
millimeier. Since then, roscarch on nuclear and high encrgy physies has taken
us 1o length scales that are smaller by u further factor of 2 billion. It might seom
it we conld po on forever discovering structures on smaller and smaller
lenpth scales. However there 15 a Hmit to this scries as there is (o the series of

Russian dolls within Russizn dolls, Eventually one gets dows to a smallest dall,

which can't be taken apart any more. [n physics the smatlest doll is called the
Planck length and is a millimeter divided by a hundred thousand billion biliion
billion. We are not about to build particle accelerators that can probe io
distances that small. They would have (o be larger than the solar system and
they are not likely to be approved in the present financial climate. However,
there are consequences of our theories that can be tested by much more modest
machircs. By far the most important of these is super symmetry which is
fundamental to most aticmpts to unify Einstein's General Relatvity with
Quamtum Theory, This would be confirmed by the discovery of super partners
tor the particles that we already know. The Su perconducting Super Collider {the
SSCY weas being built i Texas and would have reached the energies at which
super partners were expecied. However, the United States went through a fic of
feeling poor and canceled the project half way. Atthe risk of causing
embarrassiment, [ have (o say | think this was a very short sighted decision.
hope that the U‘S», and other governments will do better in the next millennium.

| exgrect super symmetry wiil be confirmed eventually by experiments at CERN
it Geneva, But it won't be possible o probe down to the Planck length in the
lsboratory. We can study the Big Bang to get observational evidence at ugher
coergics and shorter kength scales than we can achicve on Ewrth, However, o
large extent we shall have ta rely on mathematioal beauty and consistency to
find the ultimate Theory of Everything. Nevertheless | am confident we will
discover it by the end of the 21st century and probably much sooner. t would
take a bet at 50-50 odds that it will be within twenty years starting now.

The Star Trek vision of the futurs thal we achieve an advanced but essentially
siatic level may come trae in respect of our knowledge of the basic laws that
govern the universe. But [ don't think we will ever reach a steady state in the
uses we make of these laws, The ultimate theory will place no himit on the
complexity of systems that we ean produce and 833 in tas complexity that |
think the most impartant developmcms of the next millennium wili be,

’ By far zhe most mm;)icx 8y sterns that we have are our own bodies Life seems
to have originated in the primordial oceans that covered the Earth four billion

years ago. How this happened we don't know. 1t may be that random collisions
between atoms built up macre-molecules that could reproduce themselves and
assembic themselves into more complicated stroctures. Whait-we do know is
that by three and a half billion years ago the highly complicated molecule DNA
had emerged, DNA is the basis for all life on Earth. 1t has a double hehix
structure, like a spiral staircase, which was discovered by I'rancis Crick and

* Jatnes Watson in :hc Cavendish lab at Cambrxdge in 1953 T he' two strands of”

L
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the double helix are linked by pairs of nogdeic scids like the weads (s a spiral
statrease. There are four kinds of nucicic acids, T won't ry 1o pronounce their
names because nyy speech synthesizer nukes o mess of tham. Obviously it was
tot designed for molecutar biologists, But [ enn refior to them by their initials,
C. G A, and T, The order 1n which the different nucleie acids occur along the
spiral stairease curries the geaetic nfornmtion that enables the DNA melecule
o assemble an organssm around i and reproduce #self As the DNA made
copics of wsel thore woukd have been eccasionnl errors i the order ol the
nucivie actds aleng the spital b most cnses the mistakes in copying would
have made the DNA unable w reproduce itselll Such genetic errors, or
mutations as they are called, would div out, But in a fow cases the error ar
nitation would increase the chanees of the DNA surviving and reproducing.
This natural sclection of mutaticns was {ist proposed by another Cambridge
grat, Chardes Darwin, in 1857, though he didn't know the mechanism for it
Thus the information content in the sequence of nucleie acids would graduatly
svolve and increase in complexity,

Because biological evolution is basically a random walk in the space of all

genetic possibilities it has been very stow. The complexity, or number of bits of

information that are coded in DNA is given roughly by the number of nucleic
acids in the molecute, Each bit of information can be thought of as the answer
to 2 yes no quesiion. For the first two billion years or so the rate of increase in”
complexily must have been of the order of one bit of informmtion every hundred
years. The rate of increase of DNA complexity gradually rose to about one bit a
year over the last few million years. But now we are at the beginning of a new
ere in which we will be able to increase the complexity of our DNA without
having to wail for the slow process of biological evelution, There has been no
significant change 1n human DNA i the last ten thousand years. But i s likely
that we will be ghle 1o completely redesign it in the next thausand. Of course
many people will say that genetic engineering on humans should he banned.
But | rather doubt if they will be able fo prevent i, Genetie engineering on
pianis and animals will be allowed for economic rensons and someone is bound
to try 1 on humans. Unless we have o totalitarion world order, someone will
design improved humans somewherc.

Clearly devcloping tmproved humans will ereate great social amd potitical
probiems with respect 1o unimproved humans. I'm not adv’owiinz, human
genetic engineering as @ good thing, I'm just saying that it is likely to happen in
the next nuilenniun, whether we want it or not. This 1s why | don't believe
sctencs fiction like Star T'rek where people are essentially the sanwe four
huidred years in the future. [ think the human race, and its DNA, will increase
1its complexity quite rapidly.

In a way the human race needs 1o improve Hg mentad and physical qualities if 1

s to deal with the iocreasingly complex world around # and meet new

chalienges Hke space travel, And it alse needs to increase #ts complexity if
binlogical systeins are (o keep ahead of electronic oues, At the moment
computers have an advaatage of speed, but they show no sign of intelligence.
This is not surprising beenuse our present computers are fess complex than the
brain of an carthworm, a specics not noted for their intéllectual powers. But

compiters obey ?fiwrc s Law put forward by Gordon Moore of Intel. This says

that their speed and complexity double every. 18 months, It 15 one of these
exponential prowths which clearly can not continue indefinitcly. However it
will pmbai}iy continue patil compuiers have a similar complexity to the human
brain. Some people say thatl computers can never show true intelligence
whatever that may be. But it scems to me that if very complicated chensical
molecules can eperate in bumans (o make them intelligent.then equally
conplicated electronic cirenits can also make computers act in an imelligent
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way. And if they are intelligent tiey can presumahbly desinn conygnues thiy
have even greater caomplexity and mciligeose,

Thig is why | don't belicve the seience fiction picture of an advanced bu
consint faare, Instead, T expact complexity 1o imerease af arapid rate, both i
the brological and clecironic spheres. Mot much of this will happen i the noxt
hundeed years, whieh s oll we can eohiably prediet. Bt by the end of the next
mitenniom, iFwe pet there, the change will be fundamantal,

fincoln Sweffens once said, 71 have seen the fture and it sarks” He was
actually talking about the Sovier Union, whieh we now know dilnt work very
well, Nevertheless, { think the present world order has a future, butitsw:l be
very different,

Mr Presiden, First Lady, This is sy view of selence Ty the next milienmunm,

Back to the Millenaium Council
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MILLENNIUM EveninG
QUESTION AND ANSWER SESSION
MAaRCH 6, 1998

MES. CLINTON: Oh. this guestion is from Al in Now Hampshire, (Langhier and applasse
That is, tor vur Brinish guests, A Gore, who s sever wiihout iy computer and, therstore, e log
ol anywhere, wnd wag very sorry that previeus obligatoens kept hum from being here. So bere i
the Vice President's guestion:

Within the past month, we have seen evidence suggesting a strong, repulsive {oiee inthe
universe -- an anti-gravitational foree causing the universe to expand, surprisingly, at an
accelerating rate, How surprised were you by thas finding? What are its most important
implications? And how could your mational cosmnlagy supercomputer help to prove or disprove
these implications?

DR, HAWKING: What the Vice President iy reforring 0 18 some observationa! evidence that
suggests that there may be 2o anti-gravitationad force that would cause the universe o expand at
an ingreasing rate. The existence of such an anti-gravitational force 15 very controversial,
Einstein first suggested i might exist, but later regreited it and said it was his grestest mistake, i
it iz there af all, it must be very small. 1t is difficolt 1o undesstand why it should be so small.
unless 1L were exactly zerd.

We probably won't know if there's @ small inti-graviiational {oree until obgervalions come in
from new sutellites that the U.S. and Evrepe will put up in the first years of the mifloinium, B
the data analysis of this satellite observations will require 4 supercomputer like the national
cosmology computer we have in Cambridge. 1110 turns out that there really is an
anti-gravitational force, i will mean that inflation is a law of nature. (Laughter and applause.}

THE PRESIDENT: Dr. Hawking, my position is we have epealed tha law, (Laughter.)

Let me say, first of all, in defense of my Vice Preswdend, you will all understand that be would
love o be here, but there is a peculiar gravitational force in New Hampshire that manifests tself
with a remarkable regularity, (Lavghter,) Let me afse say that in the visual presentation
accompanying Dr. Hawking's leciure, there was that remarkable prajeet stamped "canceled” on
i, This admisisiration opposed the eancetlation of 14 'm proud 1o sy, (Langhter) Dul swe hope
ihat the Swiss project will ke up the slack.



Remarks by Vice President Al Gare
“Croating Mew Jobs for the 21st Certury: Investing m Researeh and Technology
Announcement of R&E Tax Credit Extension, Genentech
Thursday, Janumy 29, 1998

Two sighte sge, in his Swie of the Union address, President Clinton samoned all
Americans to sirengihien our nation for the 2tst Century --1o build the future that 18 now within our
reach a future of new jobs for a new ceononty; o fture that is stronger, healthior, and more hopeful
than any lime in human history. As the President said on Tuesday, a child born in 19985 mny well
live i see the 22nd century.

And it s fitting 1o come here to Genentech, one of the leading Biotechnology companies of
the workd --a company with an astonistung 2,900 patents worldwide, and anoiber 1 %00 pending —to
tell Aumerica what vou clearly know 1o be true; that in the 21st Century, a growing share of our
prosperity will be built on rescarch and discovery.

OF courge, that 13 beeause the work you do here saves lives, and improves Lives --for those
who suffer from strokes and heart conditions, for children with growth deficiencies, for women with
breast cancer, for young people with ovstic fibrosis. Owr administration’s commutment to that Kiond
of path-breaking resenreh is clear,

Thig morning &t the Whaite Mouse, T announced that we will propose the largest increase in
history for cancor reswirehy at the National Instiiutes of Healih -0 unlock the datk seerets of disease,
and 10 help our gengrution becnma the ane tha finally wins the war ageinst qaneer.

Rut here at Genenteelr, vou have taughit us snother lesson: in the 2lst Contury, research and
eXperinentation «—innovation and isgenuity --is zbout gur livelthoods a5 well as our lives,

Today, the high-lech industry 1s atecady the biggest amployer it the United States —-and is
growing, And high-tech means high-wage --with pay that is 73% sbove the private scctor sverage.

[t’s not every day that we can celebrate an industry that 15 about new jobs and
g:,wzzzzi i}zc:v{zzw I;f%: w\’z-z diseovery af { 12 gme Hime, But I’rcs:dcnl Clintan and | believe that we

Toduy. Fam ;}ic wed 0 anounce it o the busiget Ave will submit w Congress next week,
we will propose an exiension of America’s $2.2° l}zlizﬁn Research and Experiméntation tax credit,
I o workd wheee | :r‘mgg,ms;z{}zz iz only onc small step ahead of reali ty, & relentiess focus on the futire
weand targéted invesiments in research and development =-are the Best wavs for America o succeed.
This R&E tax cut mcans more high-wage jobs fo?t b 21st Ceptury. Here at Genentech alone, it will,
mean 150 new jobs for Cilifornians.

New. tax cuts for research and a;mmmml;zim are just one pact of our com sritment. As the
President announced two nights age, as pm cnf‘ our gifl fo, ﬁm few zzv%%uzzzzfzzzz we are uiso
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proposing @ new 21st Century Rescarch Fund tor path-breaking scientific ingquiry «ilre largess
mvestiment io civilian research and developrient in American history, Ag part of a onesthird overalf
merease 1 research funding, this new fund will wiclude the fargest-ever mereases m the budgets of
the National Seicncee Foundation and the Nationad Institutes of Health:,

Taken together, the 331 billion 1o the 2151 Contury Research Fond will 1elp us (0 cure deadly
diseases; to find new sources of cloan onergy, a subjeet Towill address when | ovisit DBritish
Pefroleunt's brand new solar plant in Fairficld tomorrow; to busld the next generation of the
Biteraet, moving PO ey fasior thon the current one; and to continue (o explore the heavens.,

I the old cconomy, growth depended largely on capital and labor. Buer we huve tearned thi
the true engines of growth taday are ideas --and the technologies and higher productivity those ideas
create. As the economist Paul Roner hag shown, as much as half of our nation's cconontic growth
in the last few decades has been due 1o techinologicad innovation. And unlike tnvestments in plants
or sguipsaent, our nvestments i innovatuen do not face the problom of diminishing returns.

That is why the impact of wday’s announcement goes far beyond the high-tech nxlusuy.
More rescarch and developmont wieans higher productivity, nsing waues, and fower costs
ihroughout our cconomy.

Over the past halfcemtury, we have split the atony, spheed the gene: put men on the moan;
mnvented the mierochip, the laser, and the Tuternet --and nene of these scvomplishments would have
happened without federal investment, Is fact, Geneteeh's 3,200 jobs might sol be here at all if our
federal government had not invested in the research that led o the discovery of DNA. These
sehicverments have expanded our flontiers of knowledge, spawned endre industries, and creuted
mitlions of jobs.

I don’t know what innovations will create the jobs of the next half-century ~but with the
ivesiments T am anoouncing today, | any counting on all of vou 1o find ou,

It has been more than 200 years since explorers first fanded on the coast of Califorma,
Today, you are America’s now explorers ~building o better e for all our people. Par proud that
we are investing in making your job casier -0 that you can brng more jobs and more progress io
Americy, 10 keep the State of owr Union strong.



THE WHITE HOUSE

WASHMINGTON

February 3, 1998
MEMORANDUM FOR THE VICE PRESIDENT
FROM:  TOM KALIL AL
M KQHLENBERGE%L
THROUGH: DON GIPS
RE: MEETING WITH NEAL LANE
Attached are some suggested talking points for your meeting with Dr. Neal Lane to

discuss the OSTP position with him. We think that there arc four major points that you should
communicate to Dr. Lane,

i, This Is an exciting time to be the President’s science advisor.

Z You are committed to eusuring that he huas the aceess to vou and (o the President
that he needs to be an effective science advissr,

3 OSTP can play a morce central role in shaping S&T policy and keeping S&T on the
“front-burner”if it focuses on a few White House priorities,

4. OSTYE needs to be more “plugged in™ to the rest of the White House (c.g. proposing
exciting “message” events and policy announcemients, interacting wiih the other White

House offices and policy counciis).



Talking points

First of all, | wanted to thank you for your willingness to be considered (or the position of
the President’s Science Advisor. | know that you really enjoy your current position as
Diirector of the National Science Foundation, and | am delighted that you are willing to
tackle this new challenge.

[ {hank that this is an ineredibly hnportant time to be the President’s Scienee Advisor,

- The President and [ have just proposed the 2 1st Century Rescarch Fund” --
which would increase investment in key civilian research programs by 32 percent
by 2003,

- There seems to be bipartisan support for the idea of increasing federal investment
in research and development, Scnators like Gramm and Domenici have cven
proposed doubling R&D - even though they don’t have a proposal to pay fot it.

- The pace of scientific discovery and technological innovation has aceclerated and
will continue o socelerale - thanks 16 breakthroughs such as Next Generation
internet, the sequencing of the human genome, and computationa! scignce.

- We need a Science Advisor who can help the Prosident and 1 make the strongest
possibie case for sustained increases in civilian research and development. What
are the benefits that will flow from an increased investiment in R&D? What will
the 21st Cemtury be hke for the average American? What are the "grand
challenges” in science and engmeerig thal can motivate exciting research
agendas?

I want you to know that -~ assuming that everything works out - 1 am committed to
ensuring that vou have the access to the President and to me that you need te he a
strong and cffective Science Advisor. This requires:

- Regudar mectings with me and micetings with the President;

- Ansffective channel of commumcation that would allow you to propose new
ideas and keop us up fo date on now developments in SXT poliey; and

=" Participation in sentor stafT mectings on important planning. policy and hudyet

issues. | oL

ny poit At you did not bave the access you needed 1 would be prepared

to interyene Lo solve this problem.
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I think that OSTP can play o more central role in shaping S&T policy if you focus on a
few White House priorities as spposed to trying to caver everything. | would be very
interested in your thoughts on what these priorites should be, Clearly - some of the
prionities that the President and | have identified include:

. Fundamental, university-based research;
R Biomedical research;
- Technologies that reduce the emission of greenhouse gasses;

- Civilian technology programs such as the Advanced Technology Program and
PNGYV that will help generate economic growth and create high-wage jobs;

- Information and commugications technologies - such as the Next Generation
Internet and NS¥’s Knowledge and Distributed Intelligence initiative - and the
applications of these technologies in areas such as life-long learming; and

- The exploration of space.

] alsa think that QSTP aeeds to e more connected to the rest of the White House. To
be effective i the White House - OSTP needs o interact withs

- OMB and the NEC on the budgey;

- Communications, Scheduling, Speechwriting, and the Press Office to generate
compeliing, newsworthy events that the average American can understand;

- Legislative Affairs « to push our agenda on the Hill,

- The other policy offices (NEC, DPC, N8C, CEQ) in those areas where S&T
mterseets with anothier aspect of public policy. Good advice on science and
technology can help support other Presidential prioritics such as education, the
race intliative, and climate change.

Obviously, scientists and-engineers are most comforiablc talking with othor acientists and
- engineers. They are not used to expressing a complicated idea in torms that the average
American can understand, planning an event, or building coalitions that can support the
Adminisiration’s agenda. 1 weuld encourage you fo work with Jirs Kolileaberger and
Tom Kalil to recruit some stalf who can handle some'of these “political” functions. -



I plan to talk to the President and et him know that you are my choice for OSTP
Dircetor. Gbviocusly, we want to keep this oul of the press until this s finalized.

I am really looking forward to working with you. | think we have an extrsordinary
“window of opportunity” to make investements in science and technology that will
advance the fronticrs of knowledye and shape owr future.



