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(ACKNOWLEDGEMENTS FROM ADV ANCEl 

In the mid-I 950s a scientist camc to Cambridgc University hoping to mect )'aul Dirac, 

who had earlier won the Nobel Prize in Physics" The scientist succeeded in jy.;ing seated next rn 


. Dirac at dinner but. once in the distinguished man's presencc, hecame speechless. Finally, 

turning to the had weather outside [IS a cO!lvcnicn! topic, the scielltist said, "It is very windy. 

Profcssor:' Dirac said nothing bUt, after n fev., seconds, rose and left the table. The scientist "\V:\:, 


mortified. convinced th,:\t he had somehow ofTcn(k-J his hem. Dirac Wellt to the door, opened it. 

looked out, came back, sat down and said "Yes," 


Tl1<:( anc::dotc tell:;, much of the slory of modem SCieHCe: sc:lrchi:lg iil!· datu to S\l~)!,;):·j 
.. \;vcn the most self-evident hypothesis. 

But that \'i~\\' of science, ohvious to us now. has !lot always prev<lilcd. The arrivnl of {he 

I 
, 

SCientific Rcvolu!km, when Galile,) .md Keph:r aHd NCW!!ll1 ci!;Hlgl'd our vi:-.:un of!ht.: ullivl:r:;(:, 


dramatically changed not only v.:lmt we wcrc (Iblc to disco\'0r but ,also how we wcre able to (hi!li: 
 , 
abollt the world unllmd us. i 

There are many theories on what caused the Scientific Revolut!on ill Eumpe: the! ;,,~. (,{, I 
religious pluralism; thc illcreased status of scientists in society; Iht.: end of fcudalism~ the 
invention of the printing press and Its contribution to the rapid disscmin:.uion or inform,uion. I 

I 
Th(!se chang0$ in cxt!.!rnal society wcre mirrored by {ViO changes inlCtn:d to hunmn 


thinking. 
 I
Fundam::nlHl was the $l!jkllJtion of SciellIi fie Ideology flom Scienttiic Fact No {OlllY'::· 

, would lhe laws or motion be what Anstotle said they must be; no longer would ageocentric' 
1heory ofnic universe he tree from clwllcnge; no longer would n.cdicai students ohserve:m . . .. ' 

j.utopsy. while professors of medicine read from Roman texts tlWl were ~bviously \-\'mng, but 

dc\'ontly foHo\vcd. . 


A sccnnd fundamcntal change was that scientists ,and inventors werl.! now free fr<JIll 

restrictive-notions ofwlmt they could nchic\'c. Tlicy were free to engage in a profoundly 


] . 



optimistic cn~erpn:;!; -- II:..' di:;.cpvc!) of ;;ci..::n(e and tht:: IHventlon of technology. 

Both aspect:> of till: berilag;.· of the Scientific RevolutiOIl ale critical 10 us today. Fina, the 
conIcs! between ideology :md fllcr, in the contcxt of the federal hudget. i;-; a clash hetweCll Ihose 
\\'ho imagine the world as con!zmning to rigid ideology and tbose, like President Clinton, whi 
look to the fuels and seck ...:oncn:te results fur the American people. 

$ecnml, the freedom to lake advMtagc of new opportunities is reflected in the President's 
commitment to progfCSS {I!at creates jobs and strengthcl)s families. 

We arc lit)W i~lcing in \Vashington a debate about the work of govcmmcnt. The President 
:md the Republican Congn;sg have hoth proposcd to bal:tricc the budget. Yet the great divide that 
remains is ovc!" the priorities {hat tlus nation will endorse over the next decade. And \\'hcther, as 
the President and I believe, science and technology must remain a key priority of our budge1 

Look a: the cvidencc. 

From basic rcsca:eh to produc1 development, public and private invcstment in science 
and technology have made this. nation the most innovative in the world. We have generated new 
knowledge, $p,l\vncd m~\\' industries. created new johs. sustained economic and !l<ltioTwl secmity 
and incrl!"asl!"d our stalldard of living. Re:'«:afcb by government and private industry working 
together has lead 10 the computcr, the: Internet. lasers, nlicro\\.'<I~c oven::;. aircraft, ::;utcllitcs and 
medical devie..:s that have chang..:d the way (11:lt we work, play-and bve. 

Tbc:;c an.: the facts. 

Sinc~ World War 11. innovation has been rcsponsibl;; for al !C,L<;t a quartcr -- and possibly 
:IS much a<; half -- Oflhc Nation's economic growth. 

It is no uecidcnt that industries (hat grew IrO!:1 !{:dea[ ilJvestn~ellLs -- in agriculture, 
';lcr{)l:autics. (omp;ucl:', hiotc;;h:101ogy and n:t.:dical devices, 10 name a f,..:w, Gominatc world 
markets today. 

Take, as JUSt one example. the Internet. Begun as a:l experimental p<l:tneL'ihip hetwf.:cn 
the li:.dcraJ gov,:rnmcnL the pri\'[ltl.: scctor rmd university rcsearchcG, il !J;lS grown in~o a vibrant 
pbJtfonn for education and cn.:ativi!y .. 

And ,fi?r ~mmerce"s{llcs ofpro?llCl.$. through on:Iinc services arc expected to .soar from 
.dXHll ·$2QO million this ycar to $4,8 hillion in 1998, One magazine estimates that more than 
2l,000 businesses -- up IIom just ovq ·1, ,()O\) in 1990 -:.. arc connected to thc:Nct. We've <Ill n~ad 
about,the carly success or slock olTcrillgs i'it con·lpanic"s that P.~oposc to make usc of the Inten}c! 
ca~ier and mon.: productive, 

In other wI}rds, the feJeral government, through a. fa.rsightt?d and \\'isc investmcnt. 
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a!!owr.:{! m; as a nation to do togdhcr what no om: would havr.: :lccomplishcd almu!. And then g~t 
OU( of Ihc way \\'h~n its work was done. 

Yct, despite this ('vidence. Congress l1ilS proposcd to dnllnatic:illy rc(lucc funding for 
sci~nce mid technology. The ;\r::lerican i\(:adclIlY tor the Advancement ofScicnce estima1es thai 
the Republican budgct rcsolutiofi cuts federal Investment ill civilian R&D by one-third over the 
next seven years, 

In the name of ideology, tbe Rcpuhlic~m Congress is taking panicular aim at fedcml 
inVeSlll1ent~ in high~risk, long-term R&D - and in pal1icular those merit-hased. cost-shared 
cffort'~ that bridge the gap between naslc research) on the one hand. and commercial development 
or products, on the other. 

lbc.<>e an; investmcnlS that arc highly leveraged, witb huge potential payoff" to tile 
economy. And they arc a small, but absolutciy -critical, part of (JUr nation's R&D portfolio, 

Let me emph<L... izc llwt this is an ideolDgical choice made by the congressional m:~ori!y, 
!lot an economic neeessit}'. The President's balanced budget preserves critical science and 
ICchnology invc~~imen1s, 

The congressional choice reflects misguided ideology -- the vicw Ihal the private markets 
wi!! immediately replace lmil federal suppo:-,: a:ld continu~ our technologicallcadcrship in the 
world, 

There is no doubt that the priv:lle marketplace is the prime driver of science <!tld 
tl.'chnology. There is n1) Juubllhm Ill.: llcnkmj 10 COllllK:!1.' h;L'> made this flatH)!l a \\'odd !t:ader 
ill information h:chnology nlld in tclccom:nu!ljc~ition$, to narne JlL<;;l two areas of !'iucccss. 
Competition improves the quality of products, lowers pricl!s and increases consumer choice, 

But the marketplace is falHblc Hod can fail to devote suflicient resources to research aJld 
development -- espedally \ong-tI.!11ll, risky pr'ojects whose hcncfl1!l arc diflicuh for any single 
fjrm to capture. 

Markets themselves, and our eeO!lotll;' as a \vltole, are facing new challenges that make 
our present support of future technologies even more importunL As a nation. we face two 
dominant trcnc~-; the incrca:'!cd glohaliutlo!l of markets and the fast pace of ndvan,cing 
technology. \Ve,facc relentless competitioll from all sides, at home and ab:omL Companies nnw 

. measure pniduct life~cydes in ;nomh;;, not years.' " . . . , ,. . . , 

It is a fa'lj, spurred bv thc Ch:.Ul£CS in our'ccollumy, tluit American husim:s:s today spends.'. , 
"only ahout 5 percent' of thei;R&[} d{)![a~ on b~sic resCarch. . .. ' 

It is ~l fnclti1a! public'and privntc :>cctor'invcstmcnt in I~&D in thc Unilcd Stales hn"lx'cn 
anemic for man: than-a decade. 
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h is a fact ch:lt jlrcmi<..:r U,S. lllgh-tcchnolugy firms continue to reduce hmg-!t.:nn R&!) 
invl::>tm<..:nls, ins(cao fi:lcltsing. 011 short-term produ<,,;( conuncrcia!iz..'ltion, Since 1992, WlllP:lOlt.:S 

like AT&T, Ci<..:neml Electric. [HM, Kudak, "1\!x;~c(1 and XCIO:\ -- world renowned for their 
inv<..:stmcnt in IOllg-tcrm R&D -- jwve dramatically reduced t!lei! R&D spclldlllg, 

tUs a facI th::!t Ollr foreign compctitur:> grasp the economic importance or f¢scarch ,1Ild 
dcvdormen! Jap,'Ul currently invests 3S percenl more than the UniICd States: on a per capila b:1si;; 
and recently annoLUlccd plans to double the country's R&D spending by the year 2000, Germany 
invcsts 30 pcrcclll more on the ~l!ne basis, Even emerging economic powers like China.lndia. 
Taiwan. Singapore, and South Korea have tx.-cn aggressively promoting investment in and

•deployment of tedmology. Just this year, Chin;!. announced that it wl11 increase publicly~ 
$-upponcd R&D by ncarly 1 perccnt of GDI) by the year 2000. 

In the ahst:nce of privalC-puhlic effon$, will the private sector step in'! 

That's not what thc cvidence suggcsts. Independent analysis shows: that ovcr the [1:1.'-::: 30 
years a d~rca~c in federal funding of R&D on average is follow("'d by a decrease in industry 
speading OIi R&O on )'cur [;.i1er. In other \\'ords, lower federal spending ill the futurc will bl.! 
llKliched by lowel pr!\'flIC :spending, 

We cannot, as a nation. afford to spirnl into tcchnologicnl obsolescence, particularly when 
:cdmotogy is b..:c()mir:g more importam t,o el.!onomic growth nnd quality of Ii!'\; -- !lO! less. '\'0 h,: 
I.:('mpctitivc, ot:r :1:II:on nHl~t h;Jlu:lCt.: OUl budget, !lH!st CIl$Uft; that {Itt:"' WotKl:f:'- COlltinEC i,', t·;: :!;: 
be$! in the wodd, r;lU;;, lake adv:'lIllag;; nffon;ign trade, ;m~! must O)l1ltnUe In !Hakc,{hi:> lwlinp;! 

center of innovation, scil.:lltifk aI~ti tcdu:,)logica! advance, 

Technology Imderpll1:> America's fas(es( growing induf,tf~cS and hlgh-w:lg.c jobs. 

That. in Ihe end. is why the Prcsid-cnt's \'iSIUIl -- and plan .. for a strong and prospcrm!f'. 
future maintains Invcstrmmt. ... in sClencc and technulogy, including pragmatic induslry-Ied 
technology efforts like Comm;;rl.!c's Advanced TcdlllOlogy Progra.:n; tcchnolo.!;;.)1 transfer 
progr:uns like Energy's Cnopcralive Research ami Development Agreements; support 'ofdu:ll"w;o.; 
tcchnologies, thruugh !hc Dd't;!)so.; Dcpartmcnl':: Technoiogy RcinvcslmCfll. l'roj..:ct; and W'-': L lO 
wnhance markct-I:d solutions to environmcntal challenges, like the EPA's Eliviron:llcntal 
T~cbn()logy l:liti:J:i\'c, 

This IS work that must not be abanconed.' 

A~d that fact is recogilized by bt'ISinesscs 'and· addctiticiaris whO. reject Hiesc proposed., 
cuts as , unwise, unacct.:ptabh.:. ti.nd unneccssary, 

Consider liobcrt t;roS5, chief excculiv~~ of NmmPlmse 'i'cclmolugies C()rp:, a' f()n~lo.;l 
partidraa! III the Adv;mc!"'d Tedmology Program. HI.! said; ''J'm a Reptlh!icn'll and ji~c,~1 
CO:ISCrV;l!I\'C, I hate government pmgrams", , But this OIlC works.", 
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Consid\!r the Institute f\.)r EIc';lrical aad E!cctronic!' Enginecrs. which \\famed that lite: 
'\:mrcn1 proposed cuts 10 Fedcml R&D ft:nding latcl slwrlwsiglitcd disproponlonalc, dctrirm.:ntalo 

loihc profl.';jsion, and potentially harmful io our economic ~I.l)d tecJmotogical competitiveness:' 

Or consider the Industriul Research lnsllHltc. which pn:dictcd tlmt the "proposed cuts 
dearly \1,'iIl h;wc a long-range impact 011 industry's capacil} to carryon Icchnological innovation 
Hnd eompetc globally in the next century.'" 

This is not about "basic" versus "applied" R&D, as ;jOIllC hnvt; tried to ca.<;t thc debate. As 
you all knnw, th05C arc simpEstic, anificial, and un:cuJist;c distinctions, '11111' debate is ahou! 
ensuring that our nation has at its disposal all the tools necessary for generating new ideas, 
promoting innova~on, and hclpilig American companies and workers compete and win in the 
global economy. 

Oliver Wcndclll·lohncs once said that "I)]he life afme Jaw has not been logic, it hus been 
experience." Yet today's lavvmakcrs seem detcnnincd to ham) our nation's competitiveness 
tl!wugh hud logic that ignores experience and the fJets. 

By co[)\m~t, Presidel!t C!into:l bas cl~)phasiz(..,'-d tbut his hudget is ba:;ed. not on ideology, 
hut of a firm (:ommilillent to securing a !'.Irong, prosperous and op"limistic f\l(\lrc for this nation. 

That is v,':'at the President's ktL:!nccd-b'Jdgc: wiil accomphsh 11:1d that it why it must he 

Clhlcted inlO !;\W, 


\Vc can only be successful, however, with your helr. Enell ofyou, in this distinguished 
,mdil'llce, Hwst nmkc y,>ilf vl,,;ws klwwn. i urge you to leU Cong:ess wlmi yl>ll and I hoth know-~ 
Ihm the investments in science and technology --like the ATP, Tit!'. CRAI)As~ and 
Environmental technologies -- must be maintained, 

Even when that fight is won. however, our work will not be finished We must confront 

dnubls about the bcritagc of the Scientific Revolution. 


The Scielllifk Rcvolutior. hc:pcd in:r;,:hlllcC the idea of progress hecau::\c it was, after alL a 
profoundly democratic change. It mcarl11hat tht; truth need not come from thc ancient sClcntists 
or cstabli:-;hcd ::uuhoritics. It meant that t:-uth could be discovered by unyonc .'Iud 1hnt any 
person',..; discovery or. opinion was worthy ()f as ~nllch r{!spcc1 as (hat nfthe 1l10fH revered scholar. 

, By opcl~ing Dpportunit)', it ':lnlcasbed. cn:i.uivity and inllovatioll. 

In~Ic~:d,it ·is ;lOl. I bdicvc, wholly· ~oincid~ntnl;' tI~at the creation of fllOdcrn political. 

dl.:nlocrilcy fol!O\~cd th~ Scien.lific iZev6!ulion: lht; Age of Enlightenl11~nt and the founding of 

this great nation: secured upon the principle, which we have ever worked to realize, that in the 

plllilicai n;<.lhl1. tI!i wl.:l[, al,1 of us arc created equal. 


Nor is it whoUy coincidental that the author ofour Dcdaralioll of Independence ~Ilso 
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wrote that "Science is more imponant in a repuhlic than in any other government." 

In other words, our nation exists not as heirs tn dynastic conquests or ancient empires_ hut 
as an expcrimt.:nt in dt.:lllocracy led by peopit.: schookd in the epic of the Scit.:l1tific Rcvoluli,"Jl. 

But to attuck thc pursuit of science and technology is \vrong -- and itself (hmgerous. 
Science is knowledge and technology is a tool. The knowledge \ ....c have gained and the tools til:!t 
we have used haw 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 
Amcrican RevolU1.ions kept uppemlOst in their minds: ThaI knowledge and opportunity arc Olln~ 
to achieve. 

After all,it 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 ;jcn~:< 
great distances. It is science, carried on through the GLOBE program, that penn its children in 
over 1,900 schools and over twenty countries to monitor our environment, share their data alld 
leam the importance of science by doing science. 

That is why we must remember that the legacy of the Scientific and American 
Revolutiolls is a story of optimism and a cause for hope. 

If we arc determined to ensure that technology will create new johs and new markets f{.l!" 

new products and new services, then we can work to that end. 

If we arc delermined tlW! infonnation technologies will enrich the education of all of (llll· 
children, then, as President Clinton and I recently emphasized, we have the power to do that tuu. 

I(we arc determined that television wi!! not isolate us from onc another: then we hav(; illG 

power to strengthen communities and families. 

I began by telling a story about aile Nobell...aureatc. Let me quote another now. When 
·William Faulkner WOIl his Nobel Prize in 1950, he was celebrated for a hody nfwork that 
included "The Sound and the Fury", a hook whose last linc said simply "They endured." 

But wllt.:Jl William Faulkncr acccptcd..his Nobel Prize he did nol counsel merc accept;\I.K.~ 
of fate. Inst~ad, hesaid: "I believe.that Illaq will. not mqdy endure; he will prc.vail." 

We can stop suppqrting science and te~hnology and education and y.(;1 we n.la)' endure. 
But ifwc arc de:leflninea to previlil,"we must do 11.lOrc. 

Last wcek, President Clinton and I traveled to San Francisco to announce a private effil] t 
thai wi!!. hy the end of this school year, make hlternet access available 10 every California K-12 
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schonl and til;;! will win: 2()'% (lflh.:: 1\.-12 c!assJ'(lIHllS ill (IK11 Slale. 

ThlCSC eommitnll:lll.s afe II major slep (Ilfward: hut ,IS Wt,' I:mde dear. tht."Y :11<.: tllll;>:\ 

beginning, To bl.!- efl'..:cliw ii is oot ellough merely to ha\'c connections; i(' h:: eifl'';;l\t' ':l;)jC:~:i(l;: 

l1$c!f must be enriched. 

Tlm! is why the President u.nd I made plain our natio!)al go~;Js: To cnsul e th:)( l'vcry 

studcnt h~L" acccss to computers: to ensure tbat every cl;:wsroom is cOlln:.:ctcu {t) e'lch (llher :lIJ(~ tti 

the outside world; to cnsure that teachers <Ir:.: {mined in till' usc of tcchnotogy; 311d to b(,,,,:.:;! :)i.<": 

creation ofdmllcnging educational SOftVt3IC. 

We made a commitlllent to establish these gOZlls as a national vision or what we mUSl d(; 
to en.hance the future of our children, This faU, we wlll meet with businesscs, s:alc <lnd /('1.":11 
governments, tca,;hcrs, fOnd parents. With them, we will create a national vjsldn that will he 
implemented and led by communities and p:trcms ~tcmss the nation. 

Through these efforts, and with tbe spirit (If optimism that has alwa~'.s char::1c!erizc~1 
invcntlon. wc will prevaiL 

The Dmp,;r Award is, in my vicw, is a symhol of thaI optimism, Pas: WillllCIS iflc~ude 

the devdoJlcrs of the semiconductor microchip, tbe jGt G!lgim: 3ml the firs! gcr:cm!-pnrp(I;:e 
programming hmguagc for computers. 

These works dcrnon;Hmtc concretely that we can build £tnd pru"pe: tOf,C'thl!r ,";1 we "Ii" 

willing t(l expand our klwwkdgc and illVcnt Hew tnnls: If we bIliILI n:) c~:pcrk:1t;c .:!!ld fn<.'!s ~~!ld 
ignOft; hysteria and blind idcohJgy, 

It is the rcsponsib:lity Q;' an informed eilil..;nl)', hut especially of Y(lll, wh~ 'Nd:l: v,)(~ry day 
as beirs to tbe Sc:entific Reyolution, to remind and teach aod counsel (}t:r fc!Jov,' citi7.Cl:::; 10 
remind and teach and counsel them about the prospect of scicnti fie and t(:dll](>h,}~k<\i 
achievement -- and abollt th(.~ hope that i1 brings for our future, 

Thank you. 

-, '-' ...' 
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'Il!c TcChl~)logy aU"lel~,;C; 


\\hlt IS Ihe. Hole of Scicllce in Amelican Sodety? 


Over the: nex! three d:J.Ys, I wJl be de!ive'li1g three spcech<.;$ on Ame:-;c.l':'> technology 
challenges. TOIT10rrow, in Virginia, I!! <lsk How must we updntc our notions of sclf­
t;DVCrnmcn: <lnd,bring Ihcfll into harmony with Lite Information Age? On vV('dncsday, in 
Philadelphia, J'1l cckbralc the 50th anniversary of the EKIAC ("ompuler and ask: Arc we 
providing the spark to ignite private innovation. new industries, and better jobs? 

But todny, bclore this cxtrao!dm:lrY coilcc!ion of ,m:nds, I'E :!sk tho:.: quc;;:;OJl thtl.{ \" 
many vl/ays must p1cce:k the otb:rs: VV1Dt is (he ro1<: of }'cience in t'\mcric::m s0ci,~tr? Why 
does science: tll81tcr ,'!':yway? 

-;-Iv:sc nrc O)]};l,k:x {;t~,~s!i(JlIs. :\nd n(; une I'c;";,_,n j,;b nil The ~,;n:;I\"~lS_ I o:rt:1inly 
dUI1'L ;11 f:J,::J, h(j()"t. I pro::ccJ i,;r;lL:r this IlHl!'ninf" ; \\';'\11\ «) a;;::)!ibr;;le: your 
cX',x'cLllion:;. A:; vou !ist~Jl d!ninll the n\Cx~ h:tlf-huHr; fcc: Ie;;;.! Ie thillk our ~;C:;,';lC!l 2:; ;,. . , 
biology ch~;s t-;llt drill'! Ihid.; (1[ Hll: ;\,: thcEL~_~~.;:;()~:' Thi;lk of Il\C;lS the (wl.'. 

So It;! fll'': H, b) ,k;;«1);:1;.,; ,I deep ~~ !ml li~~jL llClJi,:cd .~ dnngt ill :~;c p{j1\t~ or ,dlf 

pnhli(; lif<,:, N:d l;)() long ;!i:i/\ {hc rlh;:,ljlh)fS of sdcno~ mit;;·;tlcd cC1:;ily :r: thc rt::JIll oi 
l'ol:11cnl :1:1\1 (C\lIV)'I\ic ;;ff0:r~;_ III PIC\,IOU:' gCll(;r:llj,:,n::, 11-<,; [ol):,ic and li:;g(' of :;dCI1C'~--
1;,)111 N'~\·,'I'-q)I:;IT 11iJ\':;ic;!(' 1L(' indu;~!rj;,; SC:Clh':C of Fr,!,--j,~;-Ick T;lylc,i". Ul!O!'IllUi <lUI pllLlic 
{~on\'Cr:~'l:HW!. Fiu! .ll1~ 1.;;d,-I\ -- \11 i)l 1<;:1:;1 \){11 vu \' ~)(kT1_ \,Vllei' \\'ht2J1 I d,;i\<, ~hcl' ~i\n . . 
currenl, ..:h"o1:C Ih!lilic;;! col;un: fCElilhb me uf li)':\ l'rigo!)I1"" --, li1nt IlLG1\1SI~ (Jur :;}";kll: 

ha2'- l11>lf"; :In.,! IIlof',; cIL;r:,;',)' (UJl,ill:,_', ilj, it \'.'il~ \!\'c!lllully J('Cft;:m!z,.' Itself i;)tC:l cnlllrlic:w~(; 

;\!ld Hllprz;di<:·:.h!c Ill;\\' :;;:5:,':111 \Ljb(l~:y lias ~ dele wll;\: I'm !;lIklng :lbouL 

A:; d ,-,::,u1:.. III''': !;W:o',ll' \\(' U"\": hI (~i:-.,·I";;; pub:;.,- !'1(lhk'~l:; :; lie:;": \'I\'id ;111:1 h:'>; 
:·,dl1l';; 1:'I:111l( <.l\l:,~h: ((1 h:, C"dfl~; !hc.-z'll';' n;;t:,·pikr'.:h'v" I'",· whu, )',,,'\'cl'l!;r)(:':t SILl::ld 

intl.!"vcl<'; III Ill,: ';<'(\I~'Hll\', [Cllh(lil1ic pulic\> :H~ll~;:!,:; ~;h,,";I\l I,,(L:; k:;:; on )lr:!I\(lW !~'I.' 

;1!!IHP" -":111;1, lilo)'\' ;lli '';nli')I-liljH1.~'> tht.:' PN~\ ~ E\'O!!l!ion ((;uizi ()i~'I2!' :11';;.'-)111 dilo ~';'ur sU<:ln i 

, i " . , • I I • I, ,. I"":' :';lC,IFe',' J~ll.;)l t!:\:'~\l'\lllU:!"W',:, ;,1,:( 1 h.; \'(h;;L)ll ,If)"~ ('.'~\'(;:l [1'-':':')111 ;:0<; '!''- ;S(U:;SIOIl.~, 

\'V(: ',;llt:r ;Hdl\: ~;(i'~ill,li,: !11d,;plur:-: :dl(',\~c:h(;r.w ,.,1 h',_' k_Hl :1:',1.11;;1 !h,~ (1',1\cl\ q{ 

Jndll':lri"i '\",l' iH' 1'11,11",-:. Hut ,'j't- <,'iildvlin;'. il'dh .,:,,(',' In :),1rti(·\,l;\l-."'\',';" t;illihnw: I,,'fd;' 



011 lil\~ 111,;1:11:;]\l!- "j 111\1 jac'H)' -- \11 l11<:dU[\iZ,;,j Ill:1';,'; rr,hlll<l:,m -. wdl :llk!' II ILb 

{:xlno:;l(:d linch ,If i!:~ :;I)p!l(lrjlv~: j;lrcc, 

So [od;,y, in IiII'.' ;;piril of ac,uJ';jlllc inquiry, Ie: me propo$t! ;m alternative mct;:;phol' 

:m updated mc!aphm , .;) mt~taphOf mOle ;Ippropriatc to the limes and more 


Iml~;C\lL1rlt1 ils power tn cxplnin. II i:; the metaphor of d.i~tribukd inldhb~' 


jn lh~ heginning or the !l1<!i:dl:UllC compute: cr;), c'Jlllpukrn n:dic(\ almo::,t to:ally (111 

huge ccn!ral proc(cs!'in,: units surrounded by Imge fields of memory: The dl..!sign \Vas rnud\ 
like a lHa.s:;~prodocIiDl1 factory, The CI)U \\'otdd sl.!!ld out to the fide! o(.ll1r:ll'tory for r;lI,v 

in[orln:llion !!1;l! needed to be P!()ccsscd, bring it Ilack to t;H..' c...:nkf, do the work, ;Inc! the:. 
dis!rii)11!C the ,U):;wcr bdt:k into the field of lll<;n:ory, ~r;,is tuchniqlI<2 performed certain 
tasks well -- eCVI..'Cialiv tllOSC thn.l bcndi~ed from a rigid i:!ermchy or that l..k:pcmkd 0:1 tlH; 
outer re:lChcs only [0;' rotc tasks, 

Then along Gun(! a !lev ..' architectun: called m<l$sive parallelism. This broke up the 
proc,!ssi;,f, pOh'cr into jolS of tiny processors !h:1l ,,,-,cre tl:cn (b:tribulcd Ihroughout the 
field of nICl;)();-'Y, \,yhCll ,'I problem 1,.\'as prc:;--;crl!~~(!' ;111 of t:,t; pmcl!:;sOfS wOldd iJo:,::gin 
\'\'orking :~imultilneollsjy, each pcrfotmi;lf, its sod1 F;)rt of the ta::k, ,Hid ::cndillg it:; pOrLn!\ 
,)f the anS,V'::l to be col!:1lcd "\'It!, th..:: rest o( !h~ w()r.l-' 1i1:--!t W:lS (joing on. It 111In$ out thai 
for mO$; problem;;, Ihis approach is l'nore effective, 

Liu( ::,lll\;cI!OH' th;,~ ide;;, h!v<lI;I(!(JJ):iry :~:; it \\',15 ill -:h~! Cllll:pl!ter v..'orid, i'1<.!v;::r 
tl'd\'dl;:.J to ot:-\CI" f<.1gio)lS ()f our lii_~ "~;~nd di~I:,·t «\;11<': 'l;,)'\\'hcll~ n:';ilr 1"o\ilk::;, /\nd lint':; 
;) :-dl;\1111':, lkc?tlS(; in {he rcalnt (,f j10lilks 01 '-;(;1\,(1;111<::; or pl;hlic.poiiC)",th...; 111(.:lopi\o;: of 
distribukd in!eHigenct.: h;"lS enormous \;,XI'!:lll;\[Ory pow('Y. It oilers :1n Insight int() \-I.'hy 
dcmoc-:K\' hil}; lriolll1J!h.:d 0\'<:1 ;"!l\,.:mnh::1IS lint ,_k;~{:mi\Cd ,::.;dw;]\'I.:!v 011 a cent!";ll, ,.;> . -' 
;1Utklfi:v, /\nd j[ ill1:Jllillak,; whv 11riv;llC '>L'ctor or:::1ni%;)tlon:; ilrc shcddili~: Ih,::r fluddl.: 

, J .,_ " 

I;j"cr.-> :1; n1 l--'u:~h:II~' I_·:.lwcr, i;li, 11 Ilia: inn, .q id inn :1<:11.';c [,' {ron t I ilH~ \·,'orl,,.:)"s. T;lk,.:n Zl :;h::)" , , , 
(llrthcr, it C','Cll \:dl's \;,-;pl:ll:, f')!l(;ILlIl1l;n:1 ,~'" di\\::'!:r.: ;:s V::-IIJ:l] J7<lrll;:W -,iti2.S on tlL· internCi 

:-md tdc\'I,;(Of) l)rol,'r:\lII~ lib.: "/\11h.:rk.1';; Funl1il,·::; ;.1,':111..' Vi.lvll;;, 
, ' 

ld! of .,,'hieh r;,isc:> ,'1 qqe~;[il'n 1',111(11 lib: 111\; (l:l<! Lily T";l!!ill ;l;:ked 11':': I;;s, \\'z.:CK 

wlL:n lh.: pj!.:~;;d'.:nl ::I!',1'0d Ild(1 :,'\\\' ]:udn):lrk k~;isj;-tdHl rd<H"llil1;', i\r:h.:rk,h1 
td~(\·nlnul)i;::;d;!.111:;, J\s I !ned W ':;;)1I:\ir-, S\"IH;lhin;', 10 11,:1' d\jrillf_~ Ihe ld\~s;g!1ing 

<I:n;lll()il\'. U!v~. ;Iclu;dh'. h(~r c;\:!r'I,~t'JL E\JI,;:;;iL<: Ill.; ;)~,,;j",·1Ior·- :1:;kcd l11e; Ii \'(lU KfHlW 

so !lHICh' , 11(\\\: cUllie V\lu'rc .__ !lnl . :;il'nill1.',1 the hill'? III o:ho...:,·' WI)!·'!:;, iI' !hi~; I:; ~u~h ;l~Fj\!;ll, __ " " 

11l,;:a:.I\,'1·, \\'1,\' h:!';:).: i~ {;\!ct't1 i1<\LP 
. ' , " 

. I . , l '." ' I ' I:' er\. ,111.': !,"!:SIl';': C_'rj:H::l~io\:!: i \.'." .~','JI,I'·\\"1"1l.", ,,;1" l,II'S 

disll:ihnkd, inldli:-',e:lCt; si!np!y j~;n·! ,l~ 1:{1wc;rn'r! .;-,;~ ['\i;: d:I;lllt;.!. 

Her,",,:; :1I h i! h,,'r. I!<l~sibi! i I\': 111:'· iI h- l"l.';);; in; ~ '-;< 'c'" 1.,,',:I1{;I! II' n l ii' ;c:n,: ltel \' ~. i 11 P;I rl \<:11 Lit',. ! IIe 
:;\;'_'llh'l1!.l:l\w'·\ll ;--:'·:"rll·i~',,· ,jf,:,i.11in,··, -:'.1 lfh':r ! .. :';\ lL".".'j,·jltiri,' '-"Il;l1l;!l1il\· :1".1 tIl\" 

qr~i'\I':r;:d\' ".>111111:\);'11' ':)1;1)0,1\" iI\.· ;,1, ,Ii ,'I ,li::II·iIH!I",J il1kl!i~"':Ii'.'_." ·~'Jh' .,',1",-'<11 11('b"~I"), 



~;rl'!Il('; dt:ti\'c,~ in P;t,'l lldlll :;[lc<:lali:'..-);ioll inlu di:;dplinc:;, !b( nw<h o( 111<.: p(H'\\;r :11,;0 
CDme:; ff'~~ll opel\ critit:i:;Jll and C()lIIlH;<!lic:Hion~ disciplines, lndeed, some o( tl\~ :II()~;; 
significant di:"cQverics have emerged (rom lhe productive fricti(lIl that ocean; when 
dl(fcrcnt P(:fSPCCtivC$ rub <ig<linst each other and pfoducc the spark of new insight. lJul if 
the phySicists don't t:1lk to the dH!lJli!ii'i, and the chemists don't talk to the cconomi::>ts, 3nd 
if the economist:" don'l talk to lhe dimatologisis, then distributed imdligence is more 
aspir:1.tion !h;m 1\!;llity. So:t $ccont1 explanafion for the ab:;encc o{ this metaphor is Iha11l 
des(fil-x.:~: {j pi~C:llonH~l)(l!1 til;)! itsd: Ifisappcaring, 

Fin;)!ly, h ..;rc's a third possihility \,'hy the notion of distributed intclligr.:no.! h;iS 1101 


mlGratcd to our public C{)l1vers;)lion: the growinf.j disconnect lx;t\vcc!l c>ciencc ;md 

democl'ncy. \I',Ja!k !Il:·{)lll.~h the: h:dls of Congress, :md you'll SCl! the: Gucd loaCcr$ of 

corpor;)tc lohbyists, hut no!. tlHl white Inb (oat;; df Anh.:rlcnD sdcnti:;ts. Fage through a 

directory of nh;J~lbcn; of Congrcs:;, and you'll find we!! over 150 I;l\vycrs, but on!y six 

scientists, two engineers, and onc science teacher among the 535 pz.'opJe in the House aud 

the S<:naic. 


As :l result, sClcntific ;X1IlCcpt; ~;omdin:c" dude the va:;! majority of Qur d'...'Cted 

offici;) I;:;. Th~: is Inhcn;::1dy unfQrtuna:t:, bcc:wsc \v(; wan! wcli·:'UU:lCkd kadel's. 


But let nw d\\'c!l ;\ moment ;;bout some of tl:c harder-edg(;d consequences _M in tile 
J'opcs 1:::\/ it will 50lidif;' my case fur this n(;'\\' l11Cl;lJlhor: L.ack of :-;c:cntific umkrstanJil1g 
tmd0f(:1l[~; ::!lPI~n;'~ lCll' Ilh! 1'llt'scil of (urlher 1I11d\::':;\:!~~ding, wh:ch (o"lcrs deeper ignC):',11',.-:;. 

\\,hich ill. :':1'1) ,'ur:llcr \.!rodt;~; SOp!X)ri l:)f b:d!!j;l~; :nt\t i;~l:(lrdllC\'}" !:':::\ viciuu;; cycle. 

And it's alrc;ldy undcrwi1Y, Li:.;ten lO whnt some members of Congress h:lv~: be~!1l 
s:lvin;.', I~C';lltly 

"1"\\,:, \\'·,,~.-.:b; ;I!'IU jhl~ Nf\]}c! !)riz<: in dl!.:I'li~'!Y w::" ;l\\','ndcd to ~cie)'1jsU fe:' their 
""nrk nil (\/.1111<':: ,kpkli(l:~, Tc'-:"s Cc;\gn:ssl11zH' TI,m Del;])' !;,lid •. ;\11,1 l'n1 qlln~in~~ M~ "Tl'l..: 
'SCi"':l1Cl.' u:llkrkinc' Ill..: ere 1;.)11 i~ deb:1t;lble." Th~' :1,'i"I.)(:nh..'111 \!"I !enllin,d<: the ll::t: ('{. , , , ,
ere's, he: ~;lid, \\',l~ "the J>.;:;ull (If :1 m-:.:d!;, scan:." 

{\qd "\lsI ,I f<.;\'\' \\',~d.:.:: :l.~',d :11 a 1\\::11'111:.' nil (k;1I1 drinkill~' w:lh:r, Qkl:d1<Jlll..":
• • l , 

COIlj'fl;::~ll\;111 TIliH Clll.uln 'sail!," ;\1)\11'111 ~Ilh'iill" ,)\l{:e 't\';,IJl'o OI;;::UI'-': \'Ol! !'!llllOI III;d~il!l' 
, , ""...' 

li1i,'~ II!, "I w,l':l In 1<'~J.;h on <:l'ypto;,poridiull1 for ,1 11liwl:<.', .. tlli:, dis!.!;)!>\.! em ,;oJllt..'liliIV:;_M 

!,t: v,:t'Y' ::(!,lp(lI 1, hCGIIJ:h': il,hdps. :i:~ identdy :'j1\I;;\; \\'!1c III I"C\ :,J'"" ijjll:llllH:'<\)J\lpr(jt~\i:>:;L", 
, , ' , 

Tb..::-;\~ C!l1H;lH'lli,"> nu~;hl (/. ;;CIld" ,;ilivcrs 11Il.,;llf ;:1';1"I;':s, I:K~GnlS,; tlh:V "\j'~t'e,<! Ill:l; the 
, , • • , , ",f 

1:1..::1: ,j( ;:\'i,'nl:fi,,' !nd.1phnr;; is Illcn;ly 111~' S)illl!~!"m:(l!"l ~\\::~p"':r (jisrcg;lrd (Ill' sc!eIKc~ itself 
:tnd fllf!!I,:r 111''',11 (lj" ;'h~: \·jciO\J~ <J'ck I, t';h~l1tit'H1'-:ll ;, ;'\;\'0' 'nh'!1H'lll:; ago, 



And th;;fs prcci;:;dy tht.:: 0P!"O:;lt<: 01 hot'>.· it ;;hould work in A:;,,;ri.:;L Fur mu,:h of 
this century, Americans have belldiled from a virtuocs circle -- ;1 \'irttlOIl$ cirdc of sci(.:n.:c 
<md Success, As the nation &l!m':l'al,~d h'e~lth. ;l. portion of Ih:H \\,(,~Ilth \'\las invested in 
research, science:, and technol0l.:Y, Those invo;stmcnts helped ~H1s\"er wh;,( seemed 
answerable - ;md evcnttlolly :;p:iwned .:;till gl'ca;er wcalth, which h ,l$ then invested in .:;!ll!'
more research, On and on it \'II{!n!, !Il thi;:; virtll(H\$ circk: -~ btlndh.xi \vilh bip,lrtlsan 
;1)~re':J1J(!nt -~ prosperity gcncrakd i:w,::;tmc!i!, inv<:st:nen~ gcncr;,ted answer;:;" a:,d arL'l\\;er:; 
g\~ncrajt!d lurlrh:r prosp1:r!ty, 

But nov; ~w bcc<!osc of the v\'ndqj J;!ck of ;ciow!cdgc Cl;tl ;,,)11 jw;! fh"::ll'd -" lin! 
vlrl!l()lls circle risks coming undone. At th~ very rHomen1 a tleV.' age dt..:m:Hlds c(Jll~inlH:d 
investments in $Ciencc a:1d h:cllno!ogy, there arc some iL Congress threatening to H:rn th\~ 
dock backward with the lilrg.cst cutS in 15 Y<:<1fS, 

In their most recent budget nccording to AAAS's ov,'o study, Ihe Congressional 
leadership proposed rcducing federal funding for science and technology by one-third by 
the year 2002, adjusted for inflation, And get this: sevcrill yent's after the C{)!d W,,!' ended, 
ddl!JlsC R&D is goille!!1:, whik I:lvil!;)l] R&D is going dOH.'rl, More for Star \'Vars, less 
for <.:f1vironnwnl,tl! rCSC:H'ch, [\I 1hz: vc;-y lllomC/11 glob.11 cco;lowic competition ;)nd glob:!! 
.:llvirnnr:lcntal degradation dennnd c;vlli::ln rc:;c:lfch and th..: t,y:hrw:ogics ii oflen pr(){iuct.!$, 
ill::; ConPI-css is DrOD()~;ilW lk~ :;l\:,r!lCSl curs tn nondc[ens(; rc:scnfch ~j;\Cf; AJll:~rica '0.';15'-' "',' ,
(ip,hl:n:' Worid War 11. 

L' , ' 

This orj'nnizati()Jl'$ :;lud,' a' few lllonth::, 21\'0 L:'1.id Oll\ the ll1J!Hber;; I)laill ::J1(1 sO:II,j:' 
~ ""' ­

The n:,lv investment the CO;I\'h.;;::; '-:,lllt:; !(l :ncr....'<1sc \\':,;;> ill hCi!!th selene;..::;, l\n<.1 tl1;,\ s 
~ .~ 

gn:ZlL Bu! in almost every nth(:r !'<;:111ll, they're appro(!chrJ1:; sck:ncc ,,,,,tit ;Ill :11;:: wi::;do!)1 01 

;I potted pbnL 

!<:t;s-.;;,rch Oil 1$50C:; tll:1I will :di;."(! the health of our chi!dn"~rl, the condilion of Ollr 

]11;,11":\, :md tlv: vihr:\!lCy ()( 'Il)! lX,':1(lH1Y ,- risks ho..::in1:', sbsho.:l~ In !hv bnn<.:. Clobal 
\'\.';1:·J)l!(1~; . dow)). SupeICt1mplIi<:I'S, ,10;\'11. i'Jl1(j,:;I!" 1lIl::;),'ulikr:Hip:l down, hkw 
11I;der;;!ls way duwn :::obr ,;1)(:1:;\', \\',1\" d,l\\'ll. E:l\'iH::~,lI...!n!;J\ :..-llc!!i!l.'s ,doh'n 

:('S !ii~c lhq"H; i;V;Il~.\ 1;;:1 ,',1:1\ i~y-,!dY'll~', nnivcr:;(~. !:v{;rylhillg lint ought l\) be up 
j,~ ,1("\,, F\'l'l·v'h)p,' 1)"\1 i'\I'./11 In !J.,' ,"1,'11 i" ,-Inset! ';-J'(>ir ··,.jl'II,'" I)U;V\.' is ';I";'il'~'1 0\1 1,," .,. "' -,' " " . n' - 1- "."' ',.',~ ,., ·'7 "'"," , 

()! ~;(il:I'C': fic:i~)j), ;\ I,:\\, 111{1\' 1:111,; lIkl' joi:lli1\' Mn,::n{'ni<:, ;),;1 1~\Cl';: ~:!I))\lI;n !101kics 
d,~signcd (O( FI\~d .. Fiil:tSI<)fh:: Till:) J'~\;n\i!;', i,.\ !'oldl:' ~:,(; \\'hl'!(; ))<: C11!1/,IC';;;"II;,::; i'/)\1<~ 
helorl', but th0ir (li~;ht pl,ln"hlil.l, t;d~;~ u;; Into tl)C 'gmllnd, 

Pn:;:;idclu Clinton 1';";I()\:d :;c\'t!r,1! 01 ·lh.... bills ~l\n!Clinin~; lh....'f;C cul:: -- bUI 'not bcfoh! . ",.~ . 
tlldl (1llhiJ sid\.' shut '!0\'..'11 tilt,..'. :',n'<:nlnh.'IlL ,llhl !Ud(lIE~lh':.J Ihllll';;lIH.ls",f !~i)vernmcn!. , " , " '. -'. '. ' 
;;;-i,T.!i::\:;, .'\t~d ri:'hl lh)\~'. ·$'-,,'\;(~r;d ,l~',:ncic~ -- ifH),')r(i"::ld.lr', ,h,; i'J:ni(lll:d S(ICI)("V Fot'md.ltinll 
.. ,Il"~' :-:!'lIU pi11:', ;:I'n!l~~, \\'1111 :;t"I'~';j:;'jul\(.:il1;~'lIullj)'lk";; It :J'H<l::j'inl!),·):>;ihl,. hI p),lJ) il!l')· 

,fn':'i';lIlt ,;\":0 !'l jil1:'I1':(; d;;v !oj d:I'; :»-IIV;(I,:::. 

' . . , 

http:ifH),')r(i"::ld.lr
http:btlndh.xi


And tkl!'5 precisely ti,t.! oppo:;i(c (11 :Ul\'\' it .';!I<lu!d vvork i;~ l\!lh~j';G; Fur 1U,;.jl o( 

this cenlory, Amcric;lI1s have hendi/cd from :\ v!rtuouf) circle -. ,\ VlrlUOII" cirCh; oi scit:no: 
.md succ....ss. A!; the ll.nti~Jn g<lcc!';lIted \'!(.:;;ifh, ,I porl:nn (Ii thai wl:alth h':l;; inv~st(!t.l in 
re.'lcarch, science, and k'Chnolor;y. Those investments helped answer what :;i!.;<.;mcd 
nnswcrable -- and evcntllally spawned :aili I',J'/!;l(cr \'.'c;;I:h, which was thcn invested in ~Hill 
more rcscan:lL OIl twd on it wcnl. In thi;; vittuous circle ~- lzHl1h:ilcd \'vi~h bipani:mn 
agreement -- prosperity generated invcstmenl, invc5!mcnt gem::ralNt anS\'I!(~rs, and aIlS\Vcl:; 
t'.I!!lernkd (un her pnx;p{;rily, 

Bm onw -- !JI..':c,\W;(; \i( :n; VWdlll ~:lck of knnh'fr:dg<,; tin! you jtlS~ heard that_w 

virtuous cirde risks coming undone. At fhe V(!1'Y 1Il0Hlcni ;, nev,' tlg1~ ,km;\l1d$ o-mlinued 
investrnenls in science and !cchnnlo{j)" thcle <llC 50m.-:! in Congrt.'ss thl''':;Jt.::ning to turn tlh! 

dock bacbvmd with tlH! Inrgcst cuts ill 15 YCill'S, 

In theu' Owsl' recellt budljcl, acc{ndinr, 10 i\i\AS's (H-\!n :;:lldy, !he Congressional 
kadcrship proposed reducing {cdc-ral fundinr, for ~cicncc- tlE'td fc:chnniogy by {lIle-third by 
lhe Vt.'M 2002. miq;s!cd (or inflation. And pct this: 5c\,cr:il vcar:; aflel' the Cold \"',.1' end..:d,., ._J. 
defense f\ & I) is ?Suing .!,!t:.. \'I!hilt.: c:vHial1 i\l,'J) is go:ng ~{m~_ More for Swr Wnr,;, les:: 
fOf cllvironmcnUtl J'csc:-.rch. !d the very momcnj globnl t.'conOl!lic competition and g!ob.'!l 
,~jwirOn~ncI11;tI degr:J(!atiOIl dCll1:lltd c1v;li~m r,::-se;lrr.h <:ll~d t;IC kchno!(lgic$ it oflen produc.:s, 
this Con\~n!ss is 1)1'<)I)osilll' til\: sh:In~CS( ;:;uts in nondefense rcs<:arch sin~c Anl(:ri.:<! '-vas

'-' ,,>. 

(j,:.hlinf', \'\forkl \-\';11' II. 
'" " 

This org;iniz:l:ion's sind), :r lew months aijo laid Ullt the llUrnOl..!rS plain ~:.r!d ~i:llpk. 
The on!)' investmenl tltl..! CildS'r(;;;:, \\':11\:5 1(\ iIlO\::l~(; \\';lS 1;1 h(;;d~h ;;;.:i,.:nc,.:';. J\;')(t !lvii's-, 
t;leaL But ill :dnlo;;1 ew:ry (Jill.::!" r,~';,llH, they're appr'li1ching sci..:ncc wilb all lhe \,,;sdol\\ ,)1 
i! 1)(!Ucd pl;1I1~ 

1{,.::;C;lrc:h on ):,:;ll<::; 1It;)l \\';li :1 Ik,: I tll..: lH:;\hh of 'lur .:hild/\::n, the condition of ou!" 
ri;Hld, .1nd III'': \,jl>:;uKY ni 0111' '_>:\l1l\11:1) -- ;i;-;k;; hciil_~J, ~,:;js;,,--,d 1\- ill.,.; b0nc C!uh:d 
htaJ'),Hn:; ~l(1h'lL SU)1ercompukr;;. _",hnnl. h'u('lL',\:' IlPlll'l'(l/d'-.'r;);;olt dOh'f)_ ;\I\:W 

flLH('1 i:i!:: ,1\';1\' d,l\\'l'_ SlJ!:1! ,-'1:<':' ,~,;,\' \\'dY Jr1\\'1l EI1\'inl!1ll1,:1l1,d :;;,!cHil<.:S . ,jO\·.'jl, 

W;l!e!' qunlil)' _down. 

irs hk'-.' 1!1Cy'IC jiVing in a :',r;1\';!)'"ddyillg lll\jW.'i";(', EvcrY1.!\\Jl1.; til;\( \)lJi,~hj j,,) be up 

i:, dl')\'>'I1, E',',;IYlhil1l' 11i;1/ I..HJ:.:!t! 1\1 Ix; 0j)..:n is dosed, Thei:- :;('It..:nc,: j)(,l!cv is slrai<,',;lt oul , , , " , , 

ill' :;<i~n(" fk!iun. :\ ['et'" Ill;!)' L'dl, Ii};,: ,lohl1l1)' M'l'".'m{111IC, bu: milS! ::n!ll j ,}rl )"~lli::it.:s 
t!C$lgll<::~l for !=rclLFlinlsl'lllc, T!H:Y !'/<)l11i:;,: j" !1Uj,J:y ;';" 
hdn''(;, bil1 I.h(;'~' 1";;:',:11 p~;Ill,Y".ltl, :;!'k:~ II;: inlo Ihl! ·gtOlln:i. 

,I'r.:..:sitkn! Clinlnn,vl'lo\~d SC\'Cf';ll oJ'the i)iUs (IHu.::inil\\; tllC~(} ell\;; -- but nul b':;(ll!\: 
(IU[ ·,'!II!!1' ~;,·'k ,lll,!'(lnv:'n tli\: '-',)\'<:r;l'l1i(:n! ;III\! (!lrl~-Hl,:jh:-.J (');~H1:;;llltl.':'I)f ,'nvClllll1(}J11 

,;h, 'Jt11 ~!:; !\ Ihi '(i ,~~h! 11<)\;', 'sc ~,;~'r:\ r ,\;.~..:;\ck~ '~- Hq):\1 lie;; L \1', I jh: N';l,riun;d ;:,'<...:;(:1\«(: !:0(1 lid, 11;( 11 ' 

.. If<; :;IIiJIh'('!l:~ ;d<ldg \\':!h SI'lf))':IJ' 1~I!hl;I:;', ill,l! 1ll.1k\,c: i; ;l!IIHISl in'J'",;;::jhk (\~ 111:111 :In,j' 
d;!(i(llll -':\,;::1 I,) 1;I\:111.'C d:\\' 1,' ,1;1\' !Ie! vll!t:~:, 



lhl! tho..: '~:lddt::;-t p:lrl i:: 111:11 it d,'c:-;n t h;)\'t: to bt: thi:; wny_ 1";1:;( \<.'~L!k, r'!',---,:,id'~Il! 


Clinton proposed :i budget Ol,ltlinc that lC(lds- to the firs! b.1bnced IHldgJ:l ilt .sevcnh!l.!lt 

)'t:\\r:-;. And he gels there withollt (olllprnmising our valucs, without abnndoninr, our 

commitments 10 educ;)tiol1, the enVironment, ;md science and tcdlllolor,y. 


Of coon.;c \.vc'\'c eo! to balano..: Ihe !Judr;ct, but there's both a sen:-;ihlc- path .and 3 

d;mgcro\Js path [hat Cil!1 t~!ke us there. Consider: federal invcslml..:nls in basic research' 
!l(lW lot;:d C.2? p(;rc";l\l -- that':; JlG27 fur ;1111' hUll1a;lilics m<liors ill Ihe crowd -. 0.27 pcrccld 
u( /\lllt:rica';; ;:l(I~;S dC/:nc.;lic nnHlllC!. TII:I)';; C()I-:sJ!icr<lbly I(!~~s t!lan !\:ll(.:ric;ln how-;chold~ 
:;pec\(l ,::nch )'~~:Ir ();l pet fond 'or In'nkfwu c'::"cn:_ . 

Only <I few years 31.'.0, the l)nlt\:d St.1te;-:; .- publk ;uld I'rivnle combined -- invested 
three percent of its GDP in research <lnd devElopment Today, il'$ fiunk to 2.6 percent. But 
if lhnt weren't enough, consider the long~tenn consequences i( th.::se deep cuts arc imposed: 
by the year 2000, for the firs! lime In history, Japan wi!! spend more on research and 
(kvdopmclI( than the United Stales, in rea) tcn~'s. Not more per capita, Of more as a 
portion of lh,~i! Gross Domes-tic Product Morc. PClloct Even though japan's econonty J5 
(()n~idcrably smaller than mm; and lIs popu!:itk)n is about h<llf Ollr sjz.::. 

If om gllidicg rn-r.:!ophor is 1h(! (;lclory, such proP()$il~$ don t se<..:ll\ Ol!tl,I:1dish, Aft'.!r 
.1:L th? S()::l df the {;)c:o:y is tn cr;mk nnt I~Hlrc and more of the ;;ru:H; {him; ni:t Jo'''.'C!" and 
1(1\\,\:r cost. S!l;!\,:ng a lil!:c here olnd lit!k: lh(~rc is Sll1art bu;-;!!\c.';:;. '­

l1\\t If tjH~ f~u;dillg JlI'.:l:1j1hm I:; di~;j:',hl;''..!~; illi<!:tige;)('.c, :;\ld.1 jJlI)pn:;;\ls arc tCrrdll)' 


l!li!'!-',t:il.:,:-d, Be,:olus,;:: dist:'iI);;kd inidh~<:l1((; c::vnb:fwd wilh Ihi:; \'inl1{H!~; cirdc of rich~.'~ 


:1:1(\-r<;sc-,1fCh i:; nec\kd nOh' n10;C th;lI~-(;\,":;l, ,,;,d h;l" "j;'':;;lcl), 11\:,<11..:;1, dHkl<,,:nce l!l t!\j;) 


coun!r)" 


Fur in;;lancc, the d:scov,.:ry ot !he :'>lnK!lJt\, DNA led In nc\\' drug::; (or Lou Cehrig':; 
di:;t:-,lSL', Thv Hubble TClcSClll'C, h~!:;ldcs !)pcnin~; Ih"\' \,ist;;:> on 0;:1' universe. IH::l!~cd 
r';l<~ll':": (" Ci,':\\' In~;llnl~l\l:; (di' brt:d:;l G,lKL'!, :\ f'-.'l!LI.'llly,s1!Pl';)rkd ,')~~,C:lC)', the ~\j:l:iilll,;j 
1\(,1;1(:111," ,'I So:..'\t:..no::...::>, :~o(;nd'..:~t d\\~ 11,,;1 ;,brm :ILl' ,:hkHOfiul\-)<';,I:'h'll'; \\'l'!'C , __ I{LEll:~ 111\: 
<i1'.llJk: )'1'/'-.'1 'flw ,\~1~! \-,;:l;~ ;1 rJ'0dl;,;i ()[ j'()llf "':p<1j'.lk ...li,,(:(\\,,;!"I,,::; in {onr ~;t.;;);\ri1h: (iud" 01 

St;lf;'1ui,: ;llllllir)', And lilc H:illl"n C{~I1C:W': 1)1<'1-,,"1 i:~ jl(!\\' ddt.'nllinll1l' til<: IOCltion ;!lH!. .. 
:'t."IHl.'n(,~ 0:' ;'fl ,:~;tinl;lt\:d -10n,OOfl hlJnnll genes_ :~lld ~;()ncr;l1ing 1h:W :,trategics to b:lUk 
dHh.'.':"; dilj (;';<;j~;,:_ 

I' 'U.; .1!J:lIh..!lJi) (lllr <,)jlllllll.:l;'I1\ h' ::Cit',l'-V, "nd {::iI (,; IJlhkrst"all.j lli(: Ih1\\'\~r (If 

, dis!! i\.Jllh:d jJlk!ligt.'!lc~, Ihi:~ is \'<,'h:11 ,w~!'ri:;!~ !n:~ll1;; -- 11:<..' ch;)()!ic. ~:{)I\VtlJ1Jk~1. l1nj11.;dkl:d,;,: 
hr..:.,l,11HUll:-;h;-; Ih,1t Ll,\':>i( . .:;..:i~Jll,-,.:ptud\h:':;--;. ' 

.I;;I! I,',.: ;11;';,,' ri~;k jo~iil,' ~lIl\('lhil1!' (:\'\'11 IH(\J~' ";j;'lliIICl11!: I!lt: (:{fen:--l_o{ which C{H)j,j, ' -" ., 

j", "\"~l':l'\'r,.:' 11'(1)')'-.'. \",1 ..... l"i:;k I')~il!,,, "ill" dlild,t:il. 


http:p<1j'.lk
http:So:..'\t:..no


11 ''Ii()H!d I,,: Ir,"\:;1<:;1 ([11.' ;';ch..:::t n:Uicl1 Oil the !;j:l1l~j, 1:'fPd);h it:: In:I<::iou, lo!d il:: 
nwn future tli:;l di:;cO~:C1Y doesl','t IH:1t1Cr. Anyhody v\'ho has kids -- or n!tlH.:mbcls being 
one kn,)ws the f.,;rnci(1I;~; clfriosily Ih:1I iJ~lbble~ io OUf yOllngst<:;I~; KIds capture hugs 
and ask questions ;lbout douds :lI)d v/onder lio\',' CMS h1ork_ Ki(h; 11KL: you nev';r stopPl.,,;d, 

Bllt Ii W(: extinj;u:sh tll;:1 natural ,:n:atlvl(Y 'wilh ;\ lirc h()$t~ 0: !\l'cdkss n:duclions __ 
if we bro;,cicas! a:1 anending s~rcam of signals lhat discovery doesn't maUer, that science is 
for SOIll'~():1~ cl;;e -~ then all of U$ will pi'l)' :In emotion:ll <lnt! financin! price Impossible to 
crlkidak> And if Wi; (;\ii h~ reform our schonb -~ away (rlll:) 111(: !l~od(!1 (II the {,"h:l0fY and 
lowmd the mode! n( dislribu!<.xl inldligctlce -~ \\'C will have only oursc{ves to blmne, 

Fort~Il\;):cly, Pi<.:sidcJlt CliniOn is trying to do bdtc:, On c(:uc:nio!l, he'S nwdc real 

progcC5$ , bUllching ditcct student 10.1[\.$" "opening the doors 0: college to more 

Amcrica:ls , \:stabEshi:1!.~ educatio;l Si:mdaHb so every diploma nV;.:1I1S ~:omcth;nc; . 

promoting education technology in the classroom. " . proposLng n tax deduction for 

(:Hnilies' investments in hiplicr education,
", 

!\nc on sciell(<.! and technology, he's ('I[so scored big -- {n large part lxxause he's 
(idded :1 sciCl1lifk dn:;Hll knlll lac;; Giik,O!";s h;15 bc(,Olrc th~ I~h)sl infln(:lllia! ;;c:<::ncc 
;>dvisol the White House h"s seen in;) gctlc:'3tion. C:lbincl !JcClct:lri-';$ lik{; Bruce !3ac.iJit, 
1{01l 13n.l\'\'n, Ctfol B]"(l\\·ncr, \-!ilzcl O'LcafY, nnd Donna Sha(J.I.1 11:1\'<: fooght (or a de;HH.:;' 
envi:'ot)IllCllt, <1 ~tnl!1~'.) 

t<.:d,J1nlo",'\' has'..!, :::llionalla(x;r;;;clri<:.:::, :1nd lIe,dlll "';;\lI.; n..!sc'lrci1. ;);1Il
~" 

Goldin hGS hdp,,:,'d l:lk~: i."JI\S:\ to the $tar~, Hlhile kc~pjng lhe (OS\$, hl'l'c on E.rlli. And 
\;\'cry 1:1\'<.:r '-1/ the i\.l:~1;ni;:lr.l1;(l): i~, PC')I)icd wi:.;) \\\)1:I,,:n :1I1d 111'.~n '.:U:h:;lh.:(~ tn discovf:l> 

And !h:'ll lC:lf\1 h;!:~ d,,;iiv.::f(:d !'{!;>I;[!S, \\I,,;'\'O (:sl~:ildcd Iht.: 1\&0 t;1;': credit for th;t.:c 

)'1~:H""', Ic'W!:I,;d ·,:;;;)ll:1I :,,:I:n:; t;!,'>~S Inr in\'(:;;!!ll(::lIS in Cilll:;;',illg (!' :lP:lllk's, ,;c,--:l,~\:; 

had: tht.: anti~trust h;lJ'l'icr:; W joilit \'<.:lHur<;,S in fescilfclt beefed up p!'Ok'elion of 

ink:I;':Clll:,j P)')l_'~rty, .::,ivjn:; :n\'Cnlor::: n;;d j1!o!,:c!iol1,': !('" :h,;ir j1:1kllt~~ ,!'II)oslcd fundill,\:, 
t'de :11\2 n:!iio'l'S Ji:l)',:;hip ;<:,:,_',11(11 ;\r,cn<:i\1~;. ,;IU[1CI1;.,:;,I ;1;, cdUG!iF' 1 I.~,jm\llc;:y miti;lIivc 

, est;lhlisI1l:'\~ llh' 1\"I,11i'liul S,-k'11I>.' ,)I1,J 'I"<.'("1I1101<1:;Y Cnll1lcil ", "';lIl'j1dl'k,j f...:so.::.r..::h in:" 
~'1():,:'1 '~I;ll,ik .:1':'11",; ,)11>.1 <.i~'II·<" ,-lli: \:nVjl\\Lnh~lll:i! ,11:_-:li'!lI~: Ill,>,,'; IlL' 1<;"ls '" v .' 


common ~;l'n$,-> ,10<3 t~(I\lin;~-\',.i:,~,: ;-;n11Jl((', 


1\,:! We (:u\1];)1 de, 1: :done, Thn! is no: how d<.:l1lOCI';,C'lC; \V(:;'k. /\':d tillS i;:; whcl(; 

VOl] con'll: in, D<..'Jl1'l(r,l(ic"" !nfl, dcpt:nd nn distrihul..:d inkHig<!Il(;;, Ami Ihi:> <.h.:1Il0(T~Cy 
;'1 :{:\,I S iii,.' ;;d,il\'./ HI \"1111' \'til\'<.,'o;.;1 ',1 ~:h: ,1,!~li,';dion o{ \,i'1l1' 1I,;<lI'!;;, '('ill tP!l:;: \.Ik..: :Ji' lb: 

;::111 fl)! kl,(l'\,'lcd)",:, \-')1; 1)I\l:;1 '~Illi>! ill t:l'~ <11111y 1'1 f)(~;'Ci;J.'-:;i\)t' II hn;;.; b.Jltk (I \' :;(1Y:; 

kIlO\\'\c,h'c ::-;' lllll')n,\;li\\ fnl'\n;n"kd,!("s :);Jb:. H;;c;-wsc \\-h\~11 \',1\1 :~;f\' ~;{)Ill\;lh\;\~~ is 
, , ",} ,," ,," 

:'lltj1i!!;!::~j( .. :p'd ;"'';! :;,:y 'i: \\-iIJI 'CI'!Il);;h ("r(t; -- ntll'.:;-~ ~ni;.~ll[ !',1," ,'I!\'l~l:nIL Btl! if yt';1 

:'iL'h' :'<\lll" ,-\\\·n I'lllsuil {)rkll;l\~';<,,:,I~',': ,-j~ di\('r.'\~;j IrOl'~' tlw 11;111.111:; jl'(Jrsuit of prog!'<;%, 
hd!,l \.'JlJ ,,/;\',1"'; \\·,Wr,tli <;,,]:1 ,d 1l1l'ir ;'\,;:Ib, 

In;' <,'Ih\,. ,\I ;!t., \"j",<, :,(.\ :','\\- -:"!1~lIry, h',: II,{\',' ,1','I\"i,-,' ,1J !i,\:,j p.\!!l-;:, ()nt.' 1';1: Ii. 
1,;:n::i!:~ li'<\Jl: IlIl,; ~i";: lJ1dili)~. i!':1,'1 ";; 'I) I!H; (:1'-': ,,{ .:I1:'lIko,","::' ,In..l ,;;;:d"iih k,lfllil\\, lj".:1 

.;. 

http:dislribu!<.xl


.. 


kl)'_)VJ~!!()thi!l}' ~;d,:'\di' _._,1 i;i)Cj'~l)' 111 v,'hid\ ti\(: ~:I,}f~holl;;e~: of kt\n\\-kdl'~ dwindk Ill"_J • ,_, ,. 

spigot:'> oj discovery an; tv,:i:~!(!d ;111<1 lllrncd <){1. and missiolls {)f (!xpio;-a!)on iln: stalled (in 

tlu; £f(Hm(L Thi~; kno\'.'~no!hinj~ :;ociely b<lsCS regulations on s.l1spici();; instead of science. 
:;;\y~; thaI DDT i:;o't harmful, ;lIId d"irns that gln!xd warming is the cmpirica: (;quivalcnt of 
tIl..:: E..l!>:".:r BUlln)'. 

Tl~:1I'S the path we will be lon:cd on:o if these Congressiunal (\liS become the I;;w d 
the land, tX'callsc sc;,!!cred throughout {hcir proposals {lre cuts in funding -- ;H\dQ!!!!:~hl 

E!J!)IIt?Jfuflli. on n:se:m:h. T!t\~ guiding principle IS .111 cld saying Jpp;icd to::l Illodern 
nation: wh;)t wc don'! know won't hill I U;;. "1'10\1;)11; IS, 111M's til;.: h:cipl: ior dc;::lrur.tioll i:-~ ;1 
dislriblltt:d m\\~lIioence socict\'." , 

But theH!'S another p:lth - infinitd)1 Lrightt.!l, considerably mo:"c Am<.!ric;m. it's;< 
p"th on which government cOIl:inues funding basic scicnc<.: and appiicd technology, ft'~ 
p<ltl1 thai keeps thc virtuous cin-;!c of pror,n;$s and prosperity alive and (unc{iQIlin,.;, It's d 
JXHh whose signposts say "cdl:cation is a matter of national sec-urity," :'environmenti11 
proteclion IS a. m:lttcr or !1niin:l::1 r>,;c:~rit}'," ;t':;:l piHh dotted with inw.'simcn!f! !hClt open 
the doors of cdllcatlon to :ll! nor pcoplc. It':.;;> path lhat ;1pplics wlv..t h'C V(:- learned irom 
SC1(;lKe 10 the: n)s: oi O1lr liw:s, 

1\;1d irs •• tral! that':) \\'ilhio 001' pel,,>,.::)" to biazc. We have in our hands and cur 
minds ;md our :,0111s ih<..: power to U-!iitr.: Ihis learning SOCi("lY_ ThaI'S partly \vJmt thi:.> 
YC:lr':; !,n.'::,clr.:n!.:'~ C\ccti()ll:, win he ,'11! ;l!JOU!. 

L.:':;[ )'1.';\1', :1 1'1(11 IIC_I' I'rl.:,;!,j,..'n! ~- Cilll(k Ves!, l'n:s!lkll: or M!T"- (iecidcd 1(,' pn::;eJl~ Iii;; 
:mlillztl fl.!pon ;1:; a $t:ric:~ of ql:;;:s:ioJ!s Il\~ i:lcul!y told hm 'xcn: Ii!:: ll,o~;t Ul't:r.:!lL olleS jJ~ 

Ill..:;! iidds_ \Vh.:11 h,-, :old us in Ih;H Il.!pOll undcrs.:orc$lhc Ih:,-,d t,l <.h:liv-!I un ~he-;.: crw:i.:i! 
ijl\'c;~ll;>.:n!f; in !~,:j(:J;CL' ;):](1 kd:nnl 

He r<:;ni:hkl: 11:: Ih,d v,c ~~dli': I~\""\\" "\\'111<1. ;'!S!)cc::; of cii')1;\lt.: dl;-!I1,~_',': :In! 
1'1"':';:1.1.1:)1....'," ;\ hi I\'<..' 11,:,~~1 11'1-;1),1\\, 

\-\1\, ,j!\:~-\ I(ll(l\-'-' "h()\..., he:;, h; 11:;\: nt;r /I;!cl'l1ld:hlJ; jn{I;I~:rllCLJI\: :ll;~l 111:\'<' lll,:dia I" 

P"dllO!<..' j,.::trl1ill.!!, ~1H()l!g .-:hiklr,;l1." !\lld \\'~ !leed hd~n'lw. 

\V,: t,(lil'! kll'lW 'Illl\-" I,) "r'1<iu,-< 'l\'l!':,-f:,,~: \Vil!: illl \ytl'~\'! L';'rpnh;1Ic1;:," i\nd Wt' 

h,:\:d \0 1~lln\\" 

\-\1(: dOII'1 kno\\! "huw Ie ,;'..r:'(1 ,11: Ill,; <-'1l,'l'r,\ Ihlfl! '~-<~:':fI'l:', tOLd :;oiJr,~\;;;," :'\1111 \\'C 

iK'('d !o'k\\\'n,', 

.,, 

',' . ',' , 



VV,: ,hl1'l krHH\" "how klKl\\' n!d Ihe 1Il11\\'r:,,: i::, \"-'I!,,l 11 i,; 1I1:!~:" d1. ,'1\" <.'!haL :~:; i:l;<; 
\\'111 [h!; \.,'(~ ~!;) :'01 \I11d,:rSl:li1d \',:h;,l 11)(:(1\:1111;;1;1 ",:Ih;r:l!t::; 111,;,;': i< th\" !,'l:;j,;j!l\' hL'd::; 01 

" '.' 

w~~ need to know these things, V\'\~ need 10 Hltlkrs\:\l\d iho...:sc thing:;, VV.;: need !o 
disc(lV;~r these :hinl;s, 

W,-: need to (J'C:l1;::':; k<lmi:lg s0cic:y, ;:; ::\lcidy tJ-ut :1:1fm::;SI!S the !){)W<2f of 

di:;:ribuled i~;lc~I!~'cl1C<'! ;)((d usc:; it to lift 01!r ii,"::;' A:;(! ;l:\ f!h': VI;) \' cmb(>dimcflt of lkl!
,.J • 

id,1;d. )'ou I"n\'(; ;)11 ob!iiY'liol) to help mnkc it il:lpp~:n, 

/"'s a!w:I)'s in A:nt!ricil, it'.:: po%iblc -- but ii's up 10 u:;. 1\:, ;dW;lj'S in Am(~rj(;I, it',~ 

!lnst;ibk ..- (")(Xill!;ie iI's Ilf) to Wi, Let's g<:! {,) \':nrk. 

Ii ,."""n 



I~cmaf'k:- ;15 I)di.\'t'n~d hy 
Viel.: lln.."i.dcnt AI Gore 

Coml11cncement Exacist·s 


!\:lass-uchusctls lilosticute orTecbnnll)~y 


Clmlhrid~e, MA 

.Junc 7, 1996 


Dr. Gray, Prcsident Vest, members iJflhc MlT B\laJd "Hid liH;l,llty. MaYl.1f S!lci!a i~us')(lL 
!',lH:tlt;; and families. alumni and alumnae, students. and especially those of you wbo arc 
gr<.Jd\~'lti!1g $CI~;orS: 

Thank YI)l) for inviting me this morning, It is truly a:l honor tn bc MIT's Comm<n..:emc!H 
speaker, It's a pleasure to return to this city where I myself graduated 27 years ago. from a 
school iust un ',he rjv~r. 

That school, Harvard. and ~/i!T have had it long and somctim(:s tumultuous rdall<m:::bi;">. 
In the carly day;;, h~binl1illg: in the 186U:;, Ilarv.lrd Irid to ahsurh.M IT. But this school's j'rJII)J(j'.:r 

and vcry first President William Barton Rogers. rought back. He was ad31llall! that an insti!!l1)un 
devoted to f1.):>{erlog :>dcntifie knowledge j~nd a liheml CdUCdlioll musl n.:m.:tin indcix~:\d.;'l! 

Many lhings have dmnged since thuso:: days. For t;xamplc. tuition f{Jr lirs\·Y":;:lr ':t: I< ::~;"!:" 

111 I gG6 was $\ 00. 

Pre-sid..:nl Barton, Incidentally, lii<.:rally gavc- Ius life {(tl" this. insUution. V/he:, lie, 1;'-f I II "L:.:; 

i.!fter his retirement 10 deliver the (()mmcnCCll1cnl speech in 1g!{2, right in the middle or his 
speech, he die::. As a rcs~tll, I have the- r;:lre comiixt ofknowillg thaI whatever your reactioll 
lOday, I willno( be remembered as !bc stiffest speaker in your scho()i's history, I am ful!y 

• prcpan.:d. hnwcVI.'L 10 he rcn:cmhcrcd :I.:" the se:cond sti !'fcSL 

1n prcpr:n~ fn~ tbis speech, l engaged in a dialogue with the graduating class by w;;y (Ii' 
thl.! [ntCf1lel and your unt'.'ersily's computer net\vork, the Atlv:llli systcm" Mnrc than 100 {Ii" YO:I 
n.:spolldl.!d 111 !;om.... udaiL anti ( thank you very much. For 111(15'; of ~'ou v,:ho didn '{ rC;<;jlHlld, ! 
kno;'\, \vho you are:. I read every ro.:spot)sc thorougbJ~' ~~ on 11:\: World Wide: Wet: _. Ul!d J k;!lI,~'d 
,I great deal. Among pthcr things, several (lfYOll elllpb,lslZ~'d tht: fact 'that MJ r not ol)h' nil,,".,!,:; 
SClclltis:s and eHi!,int:crs but also architects, iillguists. desigm:rs. economists, cvclrpod,:.- " , . 

Nc:vcrth~lcss, bcc~usc this is MIT, I \Va'nl 10 share sonic th"bughts today ab(llJt.lh(~ 
rciatioo5hip hctv:t:cn s?ience and ~CChll0~Ogy on the one hand and hun~ankjnd-al.ld, S()Ciel);,(!J) 11)1.:,', 

other. 

. 
'. 
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When Winston Chun;h:1l :;pok:: Ilt'r..: in 1')4'), he spoke ab(lUl :hc n:latiollsbip ot' St;~'lll'C 
and sm,;i..:ty. Tt:1l :>'l:ars latl.;r. in a cckbr:I\t'd lc:c(an: i:1 England. ~eie:l:ist and \\T~h.'~ CI' Sn,;\\' 

intrnduccd th..: .:onct:pl or tile "two cultun:s," [n his suhscqucnt bOl)k, entitled TifO O,I,';trl'_'. he 
wrote that the cu:tt:n: of science and tile cultllre o/' society's li1erary arts "had a!lHOS! CC:IC'_C:t! I,) 

communicate at all." He noted that till.: por;Jl~lr cultun.: in England ;md Amcric:l spoke the :;:\11,1: 

cultural lant;ullt;c. But hoth "had abm:t as llmcil cummunication with MIT as though the 
scientists spoke nothing but Tiherae." 

\\ihy ;s Iller...: !mch;\ gulf heiwCCll s~jencc and s{)cicty? 

Tbi~ :-,c:li:-:_1l1 he;wc;::1 science and th~ rcst of society"" which began atlcast a::; t'arly :1:-; 

GaliJeo's trinl in 1633 and con!inw:d wilb the tHaI of John Scupcs ill 1925 in my home :-a~lh." ,i( 
Tenn~sst't' -- has not narrow(:d since tbe publication of Snow's. famuus hook, 

. Indc~d. eighteen I1wnths ago, Sheila Tobias examined this sdtism and cO[leh:ded lha! iL 

has gro\'.'ll V.'OfSC. "Science itlit-crn<:y has cllt(:red a second, more pernicious stage, fucl;ns, 
widespread oppusi!ioll to ;;r;:j:;:1\:1.:." sh,; ~aJJ. n.nting that physicist and scit:nce hhaoriun (;c:':dd 
Holton hns: \\'riHCn Ihat this new opposition to science ··threatens to topple the Enlightcllmcl11" 
bu;;cd tradition on which scientific Ji:icoursc :!lid d"':J!lOcrat:c polit:cs arc based," 

Two cul:urcs separated by a gleat dIVidt:. 

One. oftl:c eon:>cquenees ot'thc \\iocning "fthlS divide IS that lll!') Jltculpbm$ oj' sci,.'::':': 
an.: no longer rnigraling i:110 our populnr euhurl' at the rare they onCt: did. In the early dc(:ad\"'~ nf 
the scientific n.!voluti(lll. during the 17th eCIH'J:-Y, tla::r.... was alll'xplosion (,(new Jndaphw:: 1L>1 
crossed the permeable boundary betwcen sc!cncc and culture, It was more COHlmon in thaI era 
f():, individuals to be fully conversant in both sciellce and thc lest or cu!t~!re. And the:e W,\'; Ic::~ 

to master bcfon: tbe s..:icntific fCvolution speeded up. John Stuart Mitl W,IS described rL'i "the b~,l 

man to knO\v eve~ything: In t;l\!! <lgc, reOI'll.: gcnem:ly acquired an intuitive sellse oj' NC\\F'('i~:''''1 
phYSIC;;, and !;pokc of the :mivcn;.;; as an :!ppamlu:-; ll1U~ nm like clockwork, They spokc of ::ur;i.:] 

organJ/.lHions resemhling machines, Later on. Cbarles Dilf\vill's Iht:ory ()f nalural selectiull 
suppUcd metaphQrs for competition in L'Conomics and life, and $tilliater supplied the langu:lt',r.: 
for .1 social nlO\'t.:nlcnt that misused his theory and horrowed his name, 

But llnw, ill the second ha!f uf tilt.: 20lh ct:ntury. while the numht;r of Ill;W discovcr;"s 
t1nwlng ot,li. urihe s1i11 ar.:cdcr;J1:ng !'clemiiic revolution is allcasl a !lmu:-;and~rnld gn:alt,r.'lth: 
f1{l\~' of thest: metaphors imo thc r({sl or s9cicty has s[O\-\'cd to a, lr,i~klc. 



I believe]( is time Jilr a llew erfor\to huild bridges between these two cultures. I a~:i'!~~' 
with my latl! Ji'il!nd krry Weislll!r. who said in his inaugural address as Presidl!llt of MIT in 11)7\. 
that it is our re,~ponsibility "to understand what our learning and discoveries rnay do to 111:111 :11111 

society, and to transmit that knowledgc to m:w gcnerations -- to ... leaders who may be \\'i·s~~r 

than we in applying it. or wiser in jUdging how slowly or rapidly these technologies may he 
absorbed." 

I am convinced that a more rooust discourse bctween science and socielY could Cl1lp~'wcr 
us to fruitfully apply some powerful new melaphors from science in an elTor\ to beller 
understand society and bett!.!r understand the relationship b!.!twcen science and tedmology :lnd 
our society. 

Let me illustrate what I meall with an example. I have a friend who's an MIT gradu:nl\ 
named Danny 1·lillis. A few years ago. he paticntly cxplained to me the workings of a massin:~ly 
parallel supercomputer by pointing out that Ihe first computers relied on a central processing un:! 
surrounded by a fidd of memory. To lind the answer to a particular problem. the CI)U W! :ll;"! 
send out to th!; memory to retrieve data. then bring it to the center for processing. The rcsu!: 
would then be placed back in the memory. Three trips. back and forth. consuming precinus time 
and generating unwanted heal. 

The architectural breakthrough associatcd with massive parallelism was to break up ,he 
power of the CPU and distribute it throughout the memory field in thc form of smaller. separ;lle 
processors. each co-locate(hvith the memory it. processes. When a task has to be performed. ,;"i 
of the proces:;ors' hegin to work simultaneously and proct.:ss a small quantity of informatioll. 

Thcn all of the sc!,aratc parts of the answcr arc scnt simultaneously to the center where they :,:'(. 
assembled. One trip. Less timt.: and hcal. 

Wht.:n you think about il. thc mctaphor of massive parallelism. or "distrihutcd 
intt.:lligt.:ncc." olTers a nice explanation for why our rcpresentatiVt.: democracy is superior In ;1 

govt.:rnmt.:ntal system run by a dictator or a king. Where totalitarian rt.:gimes n.:ly Oil a centl;d 
proccssor to dit.:tate all commands. representative democracies depend on the powt.:r and insiJ!.h! 
of peoplc srI cad throughout the society. eat.:h located adjacent to the part of society in whit:! I j'lr~ 

or she is most interested. 

Or take capitalism. The'Soviet Union's l!conomy collapsed because it relied on a c/;n!l;d 
proccssor to make all economic decisions. It didn't work very well. Innovation withered ;'ilrl 
corrllptioll'tO()K root. The Norlh Korean economy continues to rely on a central processor, ,llid 

. foday its p~ople a~e s!<l;rving:' But capitalisl'~cono'mi!.!s.'dis.triblite t~lC pmyer to·those located 
outside the'rentcr -- cntrepreneurs and consumers, who make t,heir own decisions indcpcndellf rd' 
e;lch other.. Hnd lho~e accumuiated activities create;:i stahle system that marries supply and 

'demand and ,keeps prices stahle. 
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To take it third ,:;.;ampk. mnny of lhe !JlleSI 1cdmiqut::, frdHl tlit: \\OrlJ of management -­
as gradumt:~ of th~' SIO(lll Schoo! know vcry wcll .• rely on the same principles ordislribulcd 
itltl.'lligcnc.;. t,;'\'(;11 ifthcy don't call it tha1. By dislrihll:i:lg inlcHigclln: anti illlimnatioll am: 
n:sp{)!lslhility \" \vurkcr<; on the front lines. nrgar';zO\:iOllS :lre lrans:nnning Ihcmseke's, scrV!llg 
customers bcth.'r, and producing greater vaillc. 

Each ofthc:sc examples rclks for ilS success on the same hasic architecture. Instead or 
insisting that all d~~chd(}ns be made in ~I singh: placc, the powcr is widdy distribuh:d throughout 
tht: nrganiz,ijtin:l. 1:::1>:11 judi vid~Jal's port ion (ir the answer is [hell aSSC!ll bled as p:lrt or au'! kct!vc 
t;ondusion. In cupit;dism. it's c,alled supply find demand. In representative dc-mocrnc), irs: called 
sdf-dderminalioll, In each c.:.ts~ it 1':> essential tbat all tbe individuals invo)vt!d share soml: hasic 
charact13rislies. fm cxamplc. lhe fr:.;edom to obtain Information tbat flows unimpcdcd throughout 
the system. 

In organiy.,atitH1S that arc based on this design, il is cmcial that all tbe indjvidu,ils who me 
part of the organi7J.1tioll ll.:d a sensc ofcflhcsioll that is h'-lscd en a co:ll!:H.)Jl understanding of th.: 
mg:mi7"iition's guiding vision 11 is crucial Ihal they all understand ,hc organization's h:lsk: go~d:s, 
and fhat they all sh.]re the same bnsic values !!fXlH which a decision can he haSt:d. whether it is 
:ll:.ldc by the CEO or a clerk hehind a word proccss!)r. 

Some org;mi:l.atjon~ fmd tbis cohcsiOfI deceptively easy to CSI:lhl1sh, simply bc~ausc 
!hcy'n: !J;.::\".. :i:)d everyon..: t:lV1l1vcd h<lS heen prcsem tll the cr;.;alion and is c<lgcr 10 accomplisli 
the goals: caslly kcpt in mind lilltil the in.iial hurst ufcnthusiasm wanes. For cx~unplc, NAS/\ JJHt 
a man IJlllhl' moon and 1\::urncJ him :;;ddy in I~;o;s than jO yt:"ars. It was an Inspiring sprint. th:t 
onct: that goal was :tchic\'cci. the NlJa:)i1Jlcnn'S C\I!tarL' hL'gan!O {jlllddy l'rodc and has had 
n:cently to be painstakingly n:buiJ1. 

Likewise. some of the instituti{)[)$ of g(H'cmmt:l1t created in thl.: hurst 01' enthusiasm \Ve 
call the New Deal w..:n: n:markably ~\H:cc~srul unti 11:1C !1rsl g..:n:.:mtipD ·of m:mag~r;> pa:::-<\,:d frotH 
tbc ~cen~, and Ihen we began l() Sec hun:aucratic rigor mo.nis sct in. 

The chalknge for any nrganiZali\l!l i~ !lol simply to cstahltsh thes!! conditions and gaul 
the ~idv:anwgl's of distributed Intdligcncc. but 10 nurture and slistain this creative statc. There's 
no belier cx;:mplc llf how to do tbat thall the U.S. C(111~tituti(lI1. with lIs. check;.; and Imlanco.:~ and 
Gaf~ntl dG~ign' intended t() SHst,:nll tile crt:ati viI y () r self-go\,t.:rnm\!!l!, !!\'\!!l afte;' IIH}f!! than 200 
),car$. Our Cl'lllStittH!\)l1 is. in.:! sen:;..:. tbe software guiding the (IPCnttloTl:; nL! massivdy parallel 
S.y;.;ICIll I~;r processing, puliiicnl dccisHHlS. '. 

" .. 
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Our Founders rejecled th~ i(ka of a pun.: dell1(lCr;u.:y. no[ as some SUPP0'sL' bc;::;m:>.: :1:-: 
inJ(lmUltion 1l:chno!ogies of tbe lath el.:!lIUf), sirnply c(llddn't accornOlo{];:HC a pldm>cl(t; 1)ii {.'\,·.:r; 

questioli. Rather. as Ih..; Ft.:zkrn!i!-a Papns make dc;u\ lltt.:y insisted UpOl: thl.: i;11p(lrWl1e~ pL~ 
rclkctivc plOi.:CSS. with an lntennedi~lle mstitulion placed between the pcoph.: and the e.\\.~n'i~,: n; 
powcr -- an institution capable of reasoned debate and deliberation, which w(luld cool p:!~;,))(H1S: 
anJ distill judgment and look beypnd Ihe present momen! to (he fUlure consequences of the 
dce-isl0ns nwde, 

Iv1al1)' people fed thai valuahk processes like these ia our society are thrC:lh:ucd hy the 
.slill aecekrating scie:llific and ledmolugical n.:volulioll. The)' wonder in tllb cas..:, for \.';-';:11 np!'_·_ 
aboul the impact of Ie levision and 30-scc~~ml commercmls on our ability 10 be deliberative ;lm: 

rc!1cctiw in our political decisions as a natiun. PUssh1J)mc beliefs held by a temporary Jli~lj(lriiY.. 
when powered by the extra furce Hf ne\\' tcchnology, rnay not be cooled or slowed down::1 ~!ll ::y 
Ihe institutions of our sclf~go\'crnmcnt 

This concern !hat science and technology now regularly unleash forces that l11r..:;.!::r, i.t) 

.seriously t!am:lgc some dc!kOlC nahmces important to Ihe fabric of so·ckty is: nnc nf th\.' pri,:c: pi 
i~sucs our socic;y must rcsolvc in order to c.'illlblisb a healthier rc1utionship ht:lwct:n lhl' j\'.'(j 

cultures, 

Until rect.:lltly < this dialogul.! was difficult to e\'C11 begin bccausl' of a phi [os()phic:~1 
;In:fcrence [11 the sC'ientific method lbr narrow specialization, which OnC!) rcs:dtt:d illIL(; ')!~i:ltifl.i.! 

()f large questions into smaUer and smaller cmnponcnl parts, each of \vhieh was then all~\J~'h;:(: b:; 
expert specialists -- independcnt ofthosc studymg the o1hcr component pans. Not only ',\\;,; 
.;nmll1 un ica! i()J1 di fJiC~llt bc~ \.\ ":Cll scient!s!s :u:c. gCl!erai l~t:-.. It was :Ii flku!t h;..:t\~\:Cl s;w :i:.1 ;;;., . I! 
onc fidd and specialists J!l <}aotber Ecid, 11:1.: ol1el1 ;'n:slnlling rc:;-;uit was a tendency 10 19l>H-: 

impurtallt rclationship~ between thc diffcr~1U parts lh31 made up n whok. 

;\s Gm.,t:lc said in ,\ogt:r und frustration, "How oi"wn do \lu.!)' st,i\,c;o divide Ih.ll whkh. 
de:.;pite '':\'(_'T)'t:lir~g_ \\'ould alw3ys fl.!main single and whole," 

. In Illore fl.!Ccnt decades, there has been a new appreciation within scil1:lee for tlll1 :;tL.:d:: ,."r 
whole system;;, Here at MIT in til'.! carly 19()Os. lbr cxmnplc, the System Dymmics (jroup \\':l~ 
IOllmlcd by J,IY FnITl1ster. a professor of d:.:ctrk.:l cngil1l:ering. And (hc new emphasis (1:. 
systems crcntc;; U\.'W l}{lSsihilitics f'{.r a fwitful dialogur.: hetween the tW? cultun:s, 

.,' . 



F!)f example. hoth CUhUf(,C; ;';~Ul desc!'ibt' h"w lht itlVC1!liul) of tluc!i:;\r w(.;ap()!\s r:tdicdly 
tn.i:lsformcd the age-old b:lhit of W;IL The dcStrut:liw cons,.'qu::ae~;; orai!-~lul war hetween 
superpoWi:fS bCC~Ull:: unthinkable. unJ H"(nld \\'3(' emerged in it!' pI;:;,;..:. In Ih..: sa!!l~ \\'<1.',', n 

!mgc elus:t:t 01' lH;W ;:';CllllOlogit.:s lhHl enilm)Ct' nur capacity !o exploit the carth for sustcn:l'l<';l: h:i;'; 

radically \r;.lnsf:lrlllCd the ~datjiln:;htp Ix:twccn In:rnankind and the g!ohal environment. For 
example, the air we are breathing in Ihis greul coun con tams six times as many chlorine atoms in 

each luugful than it did when thcse buildings were constructed. The same is {rut' oftltt,: nir;l\ tilt' 

r\ortb Pole .md the South Pt,!C and the Equator and eVl'ryv,'hcrl' un ~arth, 

The concentration of chlorinl' in th~ entire atmosphere \,)1' thl' earth has inCrCll$cd sixfold 

in only i.l few dcci.ld~s lx'cause Df <I single new ramily of cbemi;:als invented in the J930$ and 

used in larg~ quantities only since World War II ~~ chlomllutlrocarbo!1s. Therc arc. so far as w-.: 
know, no direcl health cn)~;"l'qut!nces ofhrealhing six limes as many chlori:.c atoms. BIl~ tilt: 

impact on the '.!anb's environmental system is quitc harmful. The hole in the stratospheric ()ZOll<..' 

laycr and the increased irradiation of the earth's surface by ultraviolet rays is a direcl 
consequence of this new technology. 

Similar:y, the hun:ing or Ibssil fuels by Jive and a half billion people and the dcstrllciion 

offol'cst land:it an unprecedenteu rate worldwide is now lending [0 the rapid accumulation M 
carbon dioxide and other greenhouse gases in the a,ll1ospherc ()f the curlh. The resuhing glob;)! 

climate change is mcreasing glohal temperatures, :hr~:.lh!))i!l,s lb.: di:-:n:pliol1 of the clima!t' 
halanc:.: ViC arc used to lhat has remained rdatively stahle for thousands of ;.-'ears. 11 is also 

causing the r~::ic of sea It!\'d at six millimeters per year. lhe relreal of nearly \..'\,cry m0U11laiJl 

glacier in the world. the rapid disintegration of import an! icc shdvcs in Antarctic;;;, and tlh: 
disruption of important e(.:o:;ysltmS upon which mach or :lte din:r:;ilj' orli!'c on earth dt:pn ,:;',:', 

A third potcmially deswbilizing set or new tl,.'cbnologies is what is- commonly culkd 

gcnetic cngioccrirog. One graduming tvllT senior WI"OI(, thnt recombinant DNA t~chnology 

ICPICSClitS "it powerful H>Di lor countle% therapies. ! h)\\'~\'~r il could also he vcry harmtll: 1.) :1 ~I~ 
wrong hnnd$ " 

In all the:'&..' examplcs, thl!rc i::; it clear s-.;nsc th~H whm is Ii>;:cdcd and \\'ha1 is at risk I:; 
htlJancc. The: rlCW capacitics cunferred by new discoveries in science and kchnology dCal!y 
bavc a prom\Slllg jlo!\.:ntial ror good and bc.ndicial..:nects, hut ~iIlHlltancous!y provoke 
\\ iuesprcad and dcep CtlllC\Jrn lltat the l,~l~ l)f t:lo.!S~ GI.:\\' p(;~Vcrs Cal! he uisrupti\'c .tnt.! ham)!'!)}. 

Another graduating sl'nior I.:xpr\Jssed hi;;; co[)cems in tbeS<.' words: "1 helicve tkt( tcchno!,,!},,'" ill 

any form is a·ncl.V pO\\'t'r that can pot~l1tiaUy disrupt snciCIY, With,lhc cu.rrclll pJ.cc of.udv:JIl,.\;:;, 

our society is undergoing'a dC$1abili7.ing revolution cOllswntly. Maintaining the ddicatt: hulaw:..: 
that we havl' :l.:hicvcd-h . .;t\vccn i!jdivi,jllHlliber~y imd sUClet<il nl.!ed~ requires dil.igcncc 'an~f (I 

watchful cyt:. Failure 10 do thi:;: willlcad to citht;rcham; O.ord of the Flies). or tyranny (19k'l;." 

, ,< 
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Ld lEt; ~ugg!.::a it s..:contl nll.::t:lphor that iei bused 011 ,I new disco"..:ry 1;1 S!.:i"'IlC":, whi,-:, ! 
h..:lil!v;,: has Cxpl':H~alOry power dircctly relevant to (he socicty'~ n-:cd Jix a d:",cussiol1 of (b:s 
problem: "Cor;Wh.::xity Theory" is a ne\v science usdul for describing what arc called C\\l)- hl.::l; 

:.ystcms that !:xisl "al the cdge of chaos," By that definition. our socit:ty certainly qualifie...; ,is a 
cor::lpkx system. 

Here is ih)\\'lbe author Mi:<:hdl Waldrop d::~Gfjhcs the phe;lOmclwrL "Complcx :;YS:":IllS 

havc somdwv,; acquired fh-: abi:ity to bnng order and chaos into a sp..:ciaJ kind of balancl'. Thi,; 
balance po in! --111-.: t.:dgt: ofdtlOS -- is where the components never quite lock imo place. ~lIld ;':.': 
never dissolve i:Hn turbulence either. The edge or chaos is where life has l:nough stability to 
sustain itsel;· ,md enough crcativity 10 deserve the ll<lnlC oflHc, 

"The edge of chaos is where centuries of slavery 3nd segregation suddenly give- wa:,' 10 

the civil rights movcment of the 1950s nod 1960;;; where seventy yeurs of Soviet eomm'Jil!::m 
suddcnly give \Va)' to poillical turmoil and ferniclll; the cdgc of cbaos is the constumJy shift:;)f-!. 
battlc zone bct\\'ccn 5tagnatioc and .anarchy. the or.e place where a complex system can bL 
sponiMcous, adaptive, and uJivc:" 

Tl:cre are (! IHlIllh(:r of so(.'ieti~~s ill our modem w(\flJ which appear to be in a Siale rd 
equilibrium and h~danee. bUll1;O\"l~ suddenly toward c.ha()$ or tot:ilitarian stagnation. 

CunsiJc;, for l'xamplL:. S(,malia. The daBS which organi/.~d u"'4dit;onal Somali ;;,1I.:i~'\y 
of;<:u engaged in cuoll"o'nta:io:l at the boundaric;;.ofthcir rl':;peclive territories, in dashes ",Iii ..·:! 
co:1sistcd largely ,::t symho!ic conni;:t with few casualties. 

The intloJ'Jclioll uC ;lutolllat:c \vcapotls in large numhcrs and then t:1C nloun:i!lg 0;' 

l1h1chir:e guns (Or; light pi;:;":up !rceks·· a tornhina!inn that becamc known as "tcc.hnic,t:;';' ... 
tragica!!y tr,n;formcd the C{;!lsqucnccs of these one..:. symbolic COl'.llicts, and thc c:1tire sy"lcm 
slippcd nat o( equilihriur:i and ,:Ho utler chaos. 

Tn take a second example, in Sarajevf), the s-:.adlUm 1hm was the centerpiece of the 
world';; celebration or peaceful compcl!tion at the 19M Winter Olympics becmn..: a ccmdcry a 

I't:w short yea:-s l:lter when thaI society slipped inh) chaos. 

In the I93()s. Iragile lkmocracie:. in Germany and Italy moved nOl1oward uu;)(chy ~\;hl 
chaos,bu11oWo.rd tota.litarianism ~vith hOflitic consequences: for much of the world," 

The dm!!enu:c i'nr·modern socie"ties--- including our ,)wn ~- is of course to aVOid ci!l1cf, 
extreme ~~ either ch:u)s ~,r slag:!at;(lll ~- oy maintaining the e~::-e(ltia[ bal anee bctw~cn 'Sl abi 1 i!Y :<lId 
creativity. 
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And pari of lht challenge is !in\\' to imcgrall: Illl: chang<:$ that Bow mit of ll!"!\\' 
!l.!dllloingics ant! !~t.'\V sd..:ntiEc knowledge, !I~c new powcrs and cJlhann:d c;lpab:hties, :md tI"t: 

t:,cm \is a "otm:c 0; energy [(lr <ldaplive c:ha:lgl.! that b('n('fils SnCil..:1Y .as a whl.llc. 

There is n rllodd for undcrstanding how SHch cbJngc occurs lhat I Imve found hdpfuL 

Nineteen years ago. as a freshmllJl Congrcs!\m::I11. I met it :;cil:misl named llya Prigoginc 
who had just won 11)1; Nob;;! Pri7J! for Chcmislry fi)~ dcscrihing how systems can adapllo sUGden 
and dram:nl.; dWllgl':_ 

HI.! descrihed charaClcristlcs ofwlmt arl.! culled "open systems'- -- meaning sy~tcms where 
cnergy or maHer (or IXllh) nnw in and through and 0111 the other :>:<1('., Wh~n the now of cncrgy 
;n such a system saddenly and dramaticall>' increascs, the system rcsponds in !.l1wo-stcp process: 
first. it brcaks: dn\Yll: second. it reorganizes at a higher degree of complexity. 

Societies can behave the same Wi!}', when there is a ,..;uddcn lind dramat;.; increast; 111111e 
!low ofenergy through the society ~~ automohilcs ill place of horses and buggies, mass!ve \\'3\'C5 

of immigratIOn. new trading relationships with new !lows of products, surges of new informmion 
with lhc introduclio:l of new tl.!chllologics like wkvisioll nr the Intcrn;;L First. long-~lilblc 
pattcms hrcak down, Then new ones emerge at a higher degree of complexity, 

Socicties :m: vul:wrahlc to lll!sin:..:rpa;lin!; the first stage as a dl.:'~ccm into chao.; nnd thel1 
()\'crreae!ing \vith the impositinr. of a rigi& slagllating ord':L 

The s.;Jencc hislm:al'. Cier,\]d ! loho:! wrote. "J-lisl<JIY ba:: shoWIl repeatedly that a 

disafTcction \\ it:1 st:icnt:c and its vicw or the wor!(: CUll 1:ml iOW fur more sini ;;h.'1" movc;nelHS," 
So while we arc nght to mise questions aboilt tlit., challenges to our S(ICtcty posed by neW 

h:cbno!ogies -- as many OCYOll did in your c-Ili~lils to me -- we must !lirongl)' I'l.!jcct the Heo­
~~uJdile Vulees in nul' society '-;:';';;1 il~ their IIltIS! eXHC111c ,!~ld repugllant foml Hl thc w:-ilings lim! 

aclio:1S of the Una bomber. 

By contra;;:. the cj)j~dilions 111;1( maximize n society's ahi!ity to integra!c rapid change in ,\ 
Iwalthy pattern includc: til.: maintenance offhe free now oL information: tbe maintenance or 
strong intcnm:di~lte institutions such as Eunilics, schools, places of worships, civic assncimiol1s, 

. amI communities: tIIld the av,)idance of gross inequities. As olle gr:tduating senior put it, "I fear 
tiu: technological advanc:.::s. iCdom: 1l1thl..: wrong W:ly. wiJl C'J: offlllc PUll), (II' any,I!l\: \dln 
doesn't have ac~~ss 1(1 thc$C changes." 

Ifindivi(Jua'Js w;lhi;l a socidy an: Idl'bchind \Vh:.:n others'-gain o('\\; rx)\~'(:rs and 
coraci.ties. th':Y can lose their attacb'ment lo·the society, begin to fcd pqwcrlcsli <llid then define 

·their retationshir In the ~"ll{)1c in terms of anger and alicmitioll, 

." , , 

'" '. .', ;. 



For fOllr ycars President Climon and I ha\'c been working tn ensurc that as wc cllkr Ibis 
!lcw llge. our nmilln nddrc$$cs the challengc of maintaining:l (ree !lo\\' of information. avoiding. 
gross inequities in Ibe aCC!;$:> 10 such knowkdg<.:. mId ill sustaining the pr;vatt.' in>.tltu{ions tha! 
promote dissemination nfthis learning, 

,Just !a:;1 week. the President announced a ncw plan to put 1\\'0 years of college in the 
grasp of all Amcrica:ls ~~ young and old -- with;J refundahlc t:lX credit that would nmke: tuition 
free: HI Illm! cnnmlUnily colleges. \\fe have also proposed new ttl:..: deductions for educational 
costs, ksse!)cJ the cost of student loans, ,and pWll10td (II'! amhitious pJan 10 lmvl.: cve!)' 
classroom and libra:}' in the country connected to the information superhighway by the year 
:WOO 

New inl<mnation technologies have a special power to ctlgl.:ndl.:r Ul'mrultlc chang\.' in 
society. For eAampk, the invention of print technology in the! 5th century distributed large 
quantities of civic infonnntion. ,tbereby creating the cnl1ditions which maue possible the 
emergence of the nation-state and eventually n:prcscnultivc democwcy. 

In our day_ the new technologies of radio und tc]evlsion broadcasting havc drmn;nlcally 
increased th<.: now ofinfom1ation throughout the world, In Tlallenmcn Square. fax machines and 
CNN wcrc seen by Chinese authoritics as deadly thrcats: to ci\'ic order. 'ilH! Ayatollah Khomcini 
spread his: revolution inside Iran \' . .'jth audio cassetle lapes and telephone lines. The Internel will 
.:i<wt) dis:trlhute a million timl;S the inform:uion acccssibk in prim to billioti.s of people 011 C\' ....-ry 
continent 

As onnthcr 1UI.:mbcr ofthc graduating dass ,,:~ys" "E:1Ch (I] m; may speak with equal voice 
1\:,d he ca::ily heard by any who choose to listen, The pl,l\vcrful or rich :10 longer have th;;: 
mOjlorh,ly on mass cornmunkations," 

Al()n~ with the.' !ntemet, :hc most imflnnant n~\v tool we now hav~ 10 cxlend our ahility In 
e:'t:alc new pcn?Joa! paradigms of U1~dcrstanding :5 lhe eomptller. Computer<; can mag11! !:_' our 
"hility to t:\lpC with the information explosion in four important \\,-'ays: 

First, the)' can sift througb va'>t quantities nfdata. sr.;arching {ex the !ll'{.:dlcs III til<: 
hayslacks thaI ;\1\'; directly rd~vam to thl.: qu-:slwns ()finlen.:SlW us. 

Sec(1J1(L they C~1Il fOnll thesc data into pattcr:,s that an; far Ilion: accl:ssihlc'to our brain;; 
thall cndless hil:-; o!'information strung together sequentially. 

. . 
. Third. they cap artificially alter the serite und,spced of the world to make iinages foo largl.: 

or too small t(;r our comprehension Just the right size for us 1;,1' understand.' Pf()ccsses that are 
'extremely slow can be speeded up fOf our.inspcctIOll, and proccsscs that occur naturally at liw 
hlink "I' an eye 'can he s!m....cd down for our convenient ·analysis. 



And linally, the largesl alld IlWSI powerful oj'lhest.: machines han: led to Ihe emt'r'S,,'n~'\.' 
of a cO:llple:d; new f{lrln of knowledgl.' e((;il:itiil, In addition to inductive reasuning ~1:1d 
d....ductivl.: rt.:asoning, We !lOW kav,: iI new y;\rh:IY lh:u hlend:.. asp.:cts of the firs! lWIL 

"Computational science" GU~ crC,I!l: ;tc,ttf:cial rcalill':s within \vhich cxpcrimcnls can l)l..' 
conducted. 

How will socicty ndaptlo Ihe dr:tmatic changcs lhrlt will accompany this ncw n..'vnhHi'.I!{.' 

The n:I..:Il;\,;rgl..:l1cl..: in (lUI' wmld or rig,id. :.:Iull: fying. rimdamcn:alist ;(~eoiogl<:S can ht!. S:":L'Jl 
as OIlC cXITem~ in n.:acllon to Ih.... vast illercast.: ill d:llu lhal is now washing tl~w!lgh worle 
civil i:;..a~ion, 

At tbe opposite extreme, the ft:ar of chaos was c:\pressed by another graduating senior 1.111 
the Alhena system: "Fn.:c speech uncomrollcd can break down our socia! norms and common 
heliefs, allowing extreme opinions to nnd ami strengthen each othcr or a!!owing ullsuhstantiatt.:d 
Ilnfounded 'trulh:;' to be di"'isemin:ttcd without chalkngc or resistance." 

Hers is 4i euneen} I $h~ln.!, For example. I believe we have an obligation to assist part:flhi 
\vho 'want (lJ e:\creisc responsibility for protecting young children from materiab which they as 
parents believe their chIldren arc !lOi rcady foc 

·\)u: 11..:1 mt: aiso :-italt.: my dear and illlcquivncal vicw !h:l; a kilf of ch:ws ca:llwtj~ls'i I'y 
u:nvurrante(; .;,:nsnrship o( fn.:;.: }'PCI.'CI!" \\'lIl.'th<:r llwl Sf'k:t,:ch occurs in ncwspapers< on Ih<.: 
broadcast airwoves~· or ')\'I.'r thc In;I.'(:l~L 

Our bcst rt:.action to the spe..::ch \\e loathe is to speak out, iO reject, to respond. 1.'\,;:)\ willi 
i.!li1Q(ion :l11d ti;rvor, htJll0 CL'llSor -- ~lO. Thut!:as not been ('Iur way ti,r 200 years, <md it shoo!,J 
not hccnIHC Otll' way no\\', 

In 19(i2. tbe grcm historian o/" scil'nct.'. Thomas Kuhn. dc-scrihed the WHY in which O\lf 

understanding of the world evolves when faced \\'ilh a sudden incrcase in (he amount of 
inrOmlJtion. More prL'<.:iscly. he showed how well-t.:swb!ished thcork's collapse undcr cht: w,,--ig.!n 
uf new 1ucts ~md observations whkh .r.:anl1ot be explained. and then aceumuJat..; to the point when; 
th..; on..;;; useful th(,:ory i.., dearly u:')sok:c. As ncw I:!CL" cOl1tinul.' ttl tlCCUJlHl:at..:::, a new thro::-hold 
is reacll;;(t bcyond wllk!: a n~w pallan is sudd:':;ll). p;;n.:eptih!e and:! I~I..:W t!~C(:ry cxpluinil~g :1\::; 
p:tucrn ClllL'rg\:~. 

Iris an important procC:M; n~t olll~' at tbc· soclclallc\'ci but for each of us us individuals as 
we try to muke Sense ofthc gro~\'ing mountain Dfillformation pl~·c<:d at our disposal. . 



But whill' thc hrl'dkthro\lg!l:; in und;;[:;uIYllng thaI wc nccd in order hI ad:1]t! 1\) Cil:1H):C 

may h:: !';l.Cilit:l1<:d hy Ih!,; n(';\1,! eunabilitlcS computels and the 1ll1crne1 m;tk;:; ;1{];-:Slblc (hey wij~ ik'; 
\x' uW.\'ed by «(ll1lplH\~rs and tl1(,;) will not t;lke place- ill.IUL' c;:.mpll:~:s, Til...:)' will \\n:;, 1>((;-; ph'c 
ire o:lr liw:.;-, They ",j1\ nnly hav!,; mcanlllg in relation til human vallte.;, 

Tbe noise len:! in our civilization is ri$ing. The !1ood of informa:io!1 Oll e\'~ry suhJc,,:: 
mah:s the task "i'cndcrslanding chang:: Ilwrc difficult than ever, The lClll?!~ll;CI: :C' >:-ly on i1t.'\'. 

:edmoJogics as " suhstitutc for rcil<!ctivc thought is a dangerous trap. 

How m~lI:! of you have tried to see the hidden threc-dimensional imag.:s \l1 mod;.'~n 

eompu!cr"gcllcr~lh.:d piett;fCS calkd, by one !1ra:ld name, the "Magic Eye'?" C()uld I s-:.:c ,I 0-.11(1\\ < 

hands? For those of you who havc not "cell these novelty pictures, they consist of comp:c:\ 
paHcms that ;,;ccmlikc busy, panly mcoilcfCnt designs, and they un: intended to be.. vi,:w(:c:, i~,.J 

spccial way, My children taught me the technique. You hold them close to your eye and :-o~:~l."; 

on a dIstant point beyond and thmugh the plane of the image, Then you wait until your br:lin LIs 
pmccsscd the in[onnailon 1!1 the Image. which tbcn n.-veaL" a thrcc-dimensjor::t: ;;!I;~l,:n~ ~kd 

comes into sharper f{)cns 'Nhc!! you slowly movc Ill... image back. kcep:ng your \::;~'.r, t::;CI :5,~d 

beyond the piar.~. 

The most impOflant hreakthroughs and ndvJ.nccs in understanding cun {In]) I.X'j';lC \Vil,:;) 

w!,' takc the time to look kyond the surface of tile problems we face and foclis ,_'I: W'1:', 1', "~~\'J<l 

irnj!ort;mt in O~1f liv:.:s The stHl1C is trll":: for you lOday 

[f you <If;: sc..:king u dc~p;:r l'fidcrstandil1E: of what your life is all ahou~, yuJ \\i:t n.'.; :'j ',\; 
that mC~II:jl~g on tho: surl;lCe or ym;; Ii!~. YOJ.: must look beyond and throug!: Y01l;' 1i ~'~" ;1('1'; (i:-: 

!In it disrant poinl far (rom this phm~ ;ll1d be pmil'!H, 

Nor ~an y()~l Ulhkrstand your life In isulation Ihl!1'l il:> ConlcxL your nlmily. j")Uf 

~(lmrl1lmity, your nation, your world. and t:,c fa~ll'i:; o(exls:C:lCC "fwhich you :llC :11;:11-:' ;; ),;;,' 
<HC s~cking healing in your life, healing is to be !\lllIid in these reblionshjps. lfynu Tf<: ;;,,",d:1 
spiritual l11ei.ming in'your life, you will nUlllnd :1 by thinxir.g of what you \V:llH to do He\!, lUi 
ralhl'J by r~ilcctjng on your whn-!c life iIi its: largest con;e:{\. 

If you an.: pursuIng happiness, 11 will not hI.: rou:,d in it sd ofri£,id :)OO'.t:lll1::,_ de!:;L tI,,-, 
l:lldi:,cjpljn\'~J. pursuit ofpleasU!'c:;:, but is mOT:.: lik<.:ly to be fOl;nd by living y<.hlf I:rc will! f'),:o;,;! 

:·;tah:li:y In !:Ilthfully zlischarg(! your rcsponsihililiLCS to other:;. and also wilh ,-,!,r'd;~h ::prl1,:; :1(',1",' 

hI udupt contieually to the new chalkngcs you 'will ellCQunter and 10 seize the new ()PP(~l 1',11;:1.<:; 

iuhcrc.nt in a life: with creativity and b:_dancc. 

"Th~( is my wish for. you.' God hies,,> you; and good luck. 

11 

,,' , 
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OF ··'HE VICE. PRESIDENT 

'N /, S H I N G TO N 

June 3.1997 

\ 

MEMORA~J)[;~I FOR \~CE PRESIDENT 

FROM: m'l KOHLENIlEROIOR 

SUBJECT: THE 7 I'ERCENT SOLUTIUN 

David Gergen \>!wtc <l rcct:n! editorial in which he [lrgucs thaI the ii.:dcrai investment In 
R&D has d\!clincd every year ror the last 4 years in n:::lllCr!11S and furtlwr argued that we c<.dl 1'01' 

anothL'f cut next ),cttL He tlrgcs us il1slead to lm::n::151,; federal spending on R&D by 7 pcn.:cni 
next )'I,'ar conh;nd~ng that 7 percent is enough to mak!.: \II' for past innatioll am! to n:vcrse t!it: 
trem'!' 

S Yean ilf IUl.:rcas('d R ....~l) Jtln~tmcnt 
We have a record tu he proud of on R&D inn.:Slmcnts. Ibis is til, Ii nil }'!.:;ar in it r\lW that· 

we have pmposl'd incrcasiut! ll.!scmch and te-cbnoIi1\:\' funding \\'hI1e making deep Ctl,ts In other 
:iIX'llding. The Pn.::;idcn(s FY981mdgct increas{:$ R&D funding by more than SI.6 billion oV!.:r 

1997 to roughly $75 billion .~ a ~1 percent il:.creas(: ovcr : 993 {\Ild a 2.2 percent increase over 
!997. And ;hr.: Pn..~s:de!:t':; h(i!'::1inc ,)lItycHr budget pbn propose!' civi!i:lll R&D g,:ow by 2% 
(:lOmican.hclW1.;cl:. !99X :111d 2002. WI.:, have 

~
I2,Olle frnlll 70 hlllion 10 75 hi!LUl1 cr an i:lt:fcasc 

of about 7'H) ·.':;Hl\.::e we'vl' heen here. 

So why docs Gergen argue li1a! we have cut iuvcsttnenls every year? The differencc is in 
how you calcu!ate inflation, the fact that he ignofCs the end of the cold war. and that he iglWfeS 
pr()d~ICiivity g;\ins W(: h;1\'1,,' ~CCll in n:$c::r",!l. Whe:) 1'011 account for in!lation \\'C arc pn..'!KTVil1g 

our I)v(:f111l elHllmilme:H to H&D. Our ..::ivilian I{&I) i!~\'cql1l;;:1IS ::1'1.: not ollly in(:n:[j~ing ill 
nominal terms, :hcy an:: g:'o",ing.nlskr tll.an inilatimL 

Jh<; Hcitl St,ury is jn ~)c,fcnsc \'s: <,::iviliim I~& I~ 
It's important to'dra\\' a distinclion between civilian R&D and defense R&D, which 

. q~rgen unfortuiKltcly does nOl do, .With the .end or the. cqld ,war. we c<ln illvest relatively m(~re in 
productivitY'cnhanci~g ciyitiutl tc;;t:llrch, U~tI.!er qur hudgcts,'civllhm R&D spending hm, risen hy 
: 1 pen:":lil -- rmm $)0 hillion in 11J9J to $34 billion in 1997, Thu1 i-: [,:Hcr than the mtu or 
overall n!llalion or9.X percellt. ;\S:l sharl' .)1' lOl:il Fcdcl'nl R&D invcstm:.:nb, civili,\Il R&D has 
risen fiom 42 percent 11~ 1993 tll 45 jl<:fcelH 1his yc;ir. Its <l1so dcaf th,lt Basic. Applied and 
Civilian R&D did muc:b better than ov<;ral) discn:tinllary funding ,hc!wccn J ')1}3 and 2002 nnder 
our blldg~L' .. .. ' .. - . . . 

.... . ; 



TIlt.: hudgt:i agrCeJlh:nt proposes $74.9 billion in FY9S R&D funding, it 3.3 lx:rct.::!J( 
ili;:n::t:;;;~· less lh,Hl n'h.l\ wt: origiaally propost:d hut stdl un jllcrt'a~, 

We 'Ire doiug m()re pt"m.lnctl\,c inn.:sHucnts. 
Ax celllOllstratcd by NASA, funding levels an,: not the best way to justify R&D, NAS;\ is 

doing more research with fewer resources by liJeussing nn smaller. cheap~r, and fi:!sICr missions. 
The same (:,30 generally b;: s~tld across the ho;;mL As the very tcchnologil.!!> tbat haxie n:sL!.arcl: 
\:\'cnhwl!y spi!:s nIT make it hack into 1he Iah. 1~lC erEcicllcy with which we do n:sclIrch illcrc~lsc;;. 

For intaaJ:cc. the number 0:' gen..::s Ihal we GIll l1,m' "equ~ncc in ,I day has IJ:cn:asec: sc\'cwl fold 
OVer thl.! last fcw yc.ars hcc:tusc ()f somt.: of lhe devc!o;nllcllls that come olll oj' our human gl:1)011": 
effort. Thus) we are now seeing ;;OIHi; of the :lln:>l Pf(!dUCii \'c ye-nrs in science. 

Annther F:alsc Il,t'diction 
Every year it seems there an: a number of wel[~publicizcd predictions -- fears may be a 

bcHer description -- within [he science community that halancing the budgel \",'ould re{luirc 
deep CUts: in civilian resenrch programs -- cuts 00 the order of one.:quarler to one-third over the 
next nvc years. Every year that we have been hCilf, we have heard rumors of the imminent 
demist: of our nation's S&T enterprise, This year is no different. The 1:lct is that we have 
protected our commitment to R&D ~~ even in {he olltycan; -- v/hih.: Rcpllhlicans would gut 
thc:-c Invc.sllllcnb. h,..:reasing nur 75 hil!ion inveslIlwnt in R&D by 7 pcrc-::l1 wonkl require 
coming 'Jp wtlh :l:JOthe $5 hilli~;n in lIe\\' money ~~ son:cthing that is politically undoahk, 

RC(luhlieans would gut our investments 
LeCs !lot forge; that Repuhlican hudgel proposals in the l04th Congress incluced elgsilf 

mot!; tilan a third 10 the nation's science and technology budget. euts that would have 
decimated our runion's. ability to perform world-class research, dcvelop !lCW tcdmoJogic.s to 
susiain economic growth. and train a nc\v generation of scientists and cllgin-t.:cr;.;, Fortunately' 
we prcvaikd. 

Summary 
Should we COll,lnlle 10 increase il:ve$unent in R&D in the future ~- you h:.::. G\,;rg~n i;;. 

right wilt:n he points out that hHlf or alJ.ec{lI:nmk b,o\l.lth sinc-: World Wm II is J'(Ioled ill 
inno\'( timL Thai is why l1uin!ained our COll1m1:mem hcr~. I.~,li h(; is \vwng \'.1 il1lp~y !h~1l we an:: 
nl.l! comn:.ittcd :;, inv(;::,llnu, in bil:ilC sci":1l1i!k r\.;s..:arch.-. . 

'" , 

.. ' . 



~Y9H R&I) IHJI)(:ET OVERV!lCW 

The Pn:~idcnt's FYI)S hudget inct'c.ases lutul federal research and d\-'\'cluptllcllf 

funding hy iIlore Hum S1.6 hillion over 1997, tu roughly $75 billion (as tr:lditillllally 
reported), This is th-.: filth year in a row that Prcsid;';:H C[il'.tO!l hus prop(lscd III int:f:.'tI:<01\!c-:c:lrch 
and tcdmology funding. at the same time lhnl he has cut the hudget delicit and has pu: Ollr 

country on track for a balanced budget. 

The Presjdent's FY9X hudget hoost>; funding 1'01' ha_... i ..:. rc!'cUft'lt. 'j'll;: budg<:, pr(1po~~s 
$15.3 billion fur basic research, nn illcrcasc of$41 X millinn (3 %) over 11)97. Thi;:; lndudcs. for 
example, n 4% increase fur R&D at the National Science Fouildatiol1 on the civilian side. a:ld a 
5% inereasc;11 ddl:l1SC bask rcsc:.m::h. B.!:iie ;-:scarcll flHldcd by the. DelX\rtn);:~ll or Encr~y 1:­
slated to increase by more than 4 %. III the outyl'a~s, hasic n::N,:un:h is projected 10 iJ1crca~c 
steadily by nearly 5% to the year 2002, 

The President's FY9S hudget strengthens uninrsjly~has{'iI research. Univ('rsily­
based research is key to America's future; it provides new knowledge Rnd new h:chnology, while 
nt the same time training the next generatioll ofscientists and cngi!lCc~:'L We :Ire i1roposing. to 

increase o:)iv-:rsi\y~has~;d research hy $2WJ million, 10 1I :"t<ll 01'$13.3 hillier: in FY9X. 

The Prcsidenf's FY98 hudgct provides maior new support fill' tcehnnlo!!lcs that 
ensurc Chat Amcl'icl1 bellents front thl' rcyolution in infm'mation tedlllulogy, Inv.:stm':l1ti 
in computing nnd communications R&D nrc l:1crcasc(j hy 10 %, to 31.1 HiUioll. Tfli:-: indud..::s a 
3~ycar, $300 million NCXI Genemtion Internet i:1itialivc, Thls initiativ\.! will cn~~tc the fOundation 
{or the nct\\'orks of the 21 st CeHlUl)' by connecting more than 100 U.s, lin; vcrs!!]c:> and national 
labs m spccds thaI arc 100 - j ,000 times illster (han lOday's lntcfllL'l -- wilh ,;11 ahiii:y \0 II'W1SI:lil 
voicc, video ;:md vtl1unl reality in u seCllre and reliable fashion, 

The FY9S Budget provides sj~nmcal1tl'y im:reast:d support ror prngrams that will 
bring the power of modern information tech till logy to classrooms throughout Am(~rka. 
The budget includes $524 million for research and devc!opment in cduc,arion technology. "Illis 
includes $75 mi~ljon for [he Technology Innovittion Challenge Grants, prugram that hJIll\s' 
comp,.:titivc gra:1t<i fo!' cOl!sortia of schools, husim:sscs, universities. and olh<::' orgalLzaliolls 10 
dcvelop innovative applications of innovative [cchnology, In addilio!110 Illese R&D program!;. 
the budget more tban douhles, 10 $425 million, illc funding for the I'I'csiJcm·,' $2 billion. 5­
year, Technology, Literacy Chalkngl.: Fuutl.de8igllcd to slimuJme puhljl.;-!~riva!~ partncfshtps 

,focus.ed on fully integrating t.'ducation technology into teaching and Ican.ling, 

The Presideufs',FY98 budget incr'cascs investment' in teelmologles csscntial.for 
cnsur iug continued US cCOIlIimic Ic .. dcr.!ihip and jUb creation, A 6 % 'ilk'i case' III civilian 
'appliL'ii research c;lsurcs that the U.S, will benefit from a continuing llnw or technologit::ll 
;~dvallcc5, The hUllget bo~sts inVCSlll~{;JllS in,t:ri!i~alll,'ch!lol\)gy inilialivcs,liKI.: tht; Advanced. 
Tcchnology Progr:1Bl at th(~ DCpltftlllcnl of COIlHl1erCC; whi::h gets il 22 % j!1crl:;!:;~ O"i..T !.:Y97 
(to:$275 milh()fi). ,md-pro'vides a36% increase'liir the Manufaduring Extttlsf,'}l)' P;.u"ti1ership , 

"program thaI. opci"aics in'close .coopcratioil \\;j.th state go'v~rn;Her:l\~ to chl'un: 111:11 our natlOn:s:: 

.. 
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small and mid~sizL'd (omp;uw.:;; arc ahk: !O l:OlHpt.:le worldwide wilh s!atl..;~of~lht:"al'l tt!chnolngy. 
Funding for ill\! Partn":Hhip jl'l a N:::w Gcm:.raiion of Vehit!L::': initiative is illl..:n.:;\scd 7 1;;", [0 

$281 million*, :lIld limdn:g ;'0;' !i:e C(:!lslnlClioll.<lnJ hUi!dlllg wchno\ogics initiative i:;. 
increased 15 %" 

The Presidcnt's FY 98 budget includes tax inecl1til'c..'I' til encourage printte S('-dOf 
investment in research and technology, ,Tbe qudgel proposes a nne year extension in the 
Research and Expcrllllt!Jllalion tax c;'cdiL In addition, benefi1s of the Foreign Sales 
Corporation tax cfl.!Jil would be cxh.:mh:d 10 computer sollwarc produc.ers who:>e pro;.h:cIS 111'1..: 
Iic\.!J1sed for repn)(:~KLio:) ahrnnd, 

Thc Presidellt's FY98 budget increases funding for eJlvironmental research. 
Science and technology investments arc critical for enhancing cnvironmental quality. :lnd this 
budget funds v!t<II re~carch needed to ensure clean air. pure waWr, <lOll safe food. The FY98 
budget allocatcs $5,] hill ion. for cllvironmeJ11.al research, ~I four % increase over FY97, This 
funding supports <I bmad rescarch agenda, includi;}g sustainable usc of natural resource", 
preservation ofhiodiversity, e::o:\ystcm m.magcmcnt and restoration, social and economic 
dimensions of cnviromr:ental p:·oblt.:ms ftlll! environmental technologies. Thc largest 
component 1S $1,9 hi!!;oll l~lf undcr:;tanding and predicting sloba! cllma:l: cha:lge and ;:5 
regional impacts, 

The President's F\'98 hudget pro\'ides increased SUI}pol't for health. food .md 
safety research. The budg.ct for the' Na(ional InsLitut..:s. of I·Icalth (NIH) {~Ol~tain:; a 2,6 % 
incrcas'.!, primarily gOing to lJ:vc!'ligalur-:nilblCd. peer-reviewed I'cs.carch grants. Tlll~ 

increas'~ will fund high priority rese:m.:l: areas si.!ch as H1ViAJDS-n:lated IIIr:cssc,">. hrciisi 
cancer and otht.![ \vumen'" bealth issues minority health Initiallves, disease prcvclltlon 
research and spinal cord iqiury research, 

The Pn.'si<icnl's FY98 hudget continues the President's strong support 1'01' Ihc 
nation's civil spate I)rognuu, The budget mnintains funding for tbe Intermulonal Sp,I(;C 
Station program at $2.1 hillion; strcngthcnlXl commitment to Mission to Plantt Earth at S 1.42 
billion (a 4';1{; incn.':ls'; over FY97): alld solid ~upport for the X-33 Reusahle Launch Vehicle 
pIOgram ($330 mi!liou) and aCI\Ill<tutks initi'ttivl.:s (£456 million), In additiun, NASA '" spa<.:.c 
science hudge! h;ts beeillll:gmcmcd h)' $1 billion OVi.:r th9 next, five ycar~. 

Thc Prcsident's FY98 request continucs'to support ,the iuve..'ihnents in,fL'Search and 
,technology that ensure our nation's: security, We arc emphasizing invcsum;nts which.' . 
sustain our inili(nry defens.e capabilities: pr.cvcn't co·nflict before it occurs, and addH,:sSJJthcr 
global threats 10 ,the well-being of our nation, 

In ih~ yl:ars hctwtctl 199M and 2002, the 'Jlr~ident's plan "'iH preserve ('.i\'iHan 
I'cscan:h fllJlllitl~ while completing the Joh of baiancing the hudget. Till: Pn,:sI(;ent's 
baseline !JUlY~'trJ}Udgct plan prVpOses civilian R&D'tzq~row by 2% {nominal) between 1998 
and 2002, This r~prcselUs 3 s~ltid ,investment, given tile I~act thaqlw. budgc~ .will clim!nate' \hc 
del1cit (a-nd ~Ictually pf(fduce·a,'Surplus}~ over the same lime period, ., . 

, ' 
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Prcsident'); FY 199811udgd 

Ove-nll R&D Funding. The President's budget proposed $75.5 billion in 1998 for R&D 

funding. a 4.0 percent increase (8 perccr:t real decrease) over 1993 and 2.2 percent increase over 

1991. The budget proposed $73.4 billion for 2002, a 1.2 polOent increase over 1993 (18.9 

percent real decrease). OvcraU discretionary increased abou1 1 percent between 1993 and 

2002 (a 14 percent real decrease). 


Between 1993 and 2002: 

Basic. Increased 20 percent (a 4 percent real decrease). 

Applied. Increased 1 S per<:ent (a 6 percent real de<:rease). 

Developmcnt. Decreased i 0 percent (3 28 percent real decrease). 

Civilian. Increased l7 percent {a 6 percent real decrease} 

Defense. Decreased 10 percent (a 28 percent real decrease). 


Conclusion: Basic, Applied, and Civilian R&D did much better than overall discretionary 
funding between 1993 and 2002 in the President's FY 1998 budget. 

Agreement 

Overall R&D Funding. Worst case and on average, the Functions that contain R&D in 199& 

will be reduced about 0,74 percent and about 2,81 pereent in 2002 by the Agreerr:ent. rnUS, the 

Agreement proposes $74.9 billio!1 in !998 for R&D funding, a 3.3 percent increase (&.9 percent 

real decrease) ove:- 1993 and 1,5 increase over 1997. The Agreement proposes $71.3 billion for 

2002. a i.7 decrease: from 1993 (21.2 percent real dec:casc). Under these same ftssumputtons. 

overall discretionary would increase' about 4 percent between 1993 and 20002 (a 17 percent 

real decrease), 


Between 1993 Ilnd 2002: 

Basic. Increased 16.5 percent (a 6.7 percent real decrease). 

Applied. Increa<;.ed 14.3 percent (a 8.4 percent real decrease). 

Development. Decreas~d 12.4 percent (a 29.8 percent real decrease). 

Clyilian. Increased -13.9 pcrcer.t (a 8.7 percent real dec~ease)_ 


Defense. Decreased 13 percent {a 30 percent real decrease), 


Conclusion: Basic, Applied, and q\'ilian R&D also did much better than overall discretionary 
· funding betwe:;n t9~3 and 20P2 in the Agreement 

· As' demo:nstrat~~fby, NASA, dollars are not the bc~t way to justify R&D. NASA is df?il'lg 
· more' research with'fc\\'cr ~e501l~l;es by fo(;using on samller,'cbeaper, aD~ faster missions. 
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THE WHITE HOUSE 

WAS>-lINGTON 

'"H;i\IORNWU:", FOR TilE VICE PRESIDENT 

JACK GlllllONttf­

SUII.lECT: Gergen Op-cd "The {-PerCell! Sollltinl1'i (U.S. Ncw:> & World 
Report, Mav 1997, p. 79) 

Gergen n:itcratcs the broad$pn:ml concern that suppPrl f(11" science and tcchnolclgy. especially 
kdl'rally funded R&D, has slackcncd and is headed downward as we movc towurd a hal anced 
rudgct. 

As yOL~ :H:.all, lh~ 104:h C(ll~g.n...ss tried 1(1 deeply slash R&D ~'I~ p~rSiS1Cn! dfl\J'ls by nUl 

Athninislrali'on and .tHics outside government largely blunted th~)sc t:flOris. Things mc 
:;;.}];\(;w];al c,~;.;.icr \\'i~h l!lC : 05(h CO:lgrcss but we arc a long way :'rol':, homc. Fot ....xHmpk, 
Congn.'ss is trying to deeply cut the Pn:sident's n:qucs: for R&D in rcnc\\';lbk energy 
t("chnoiogy. L:-n::rgy .;ITic:o.:-ncy. ,t:ld gl<Jbal dinE.!;\,; change jl;~t \vh<.:n Wi.: tll."cd sudt activitic~ :)It)Y..: 
;hllll c\'cr. 

Snm,\ nh~l~lh~'~s nfCongn:ss ((:,g., Ciral11m (sciene..;- i:. g.... n..:r;\l). ;;/iud (mo.,·di;;:::Jl,\:s~,tn.:J:)) h:\\'~ 
cfllkd fin a doubling ofsuppnrl ror n.'$eurcli Over 1 0 y(:~r$, roughly o.:-qui"atC'nt in the "7 pcrcC'n; 
sokilion'" (~ut only in au:hor:zation, not appropriation). GI."~lrg...: Brown suhmiHed ali In\'c.sh~lCtl! 
Budget Bill which would significantly increase (about 5% rer YC3r) civilian research, 
lnrmstru;;:ure. m:d cducation and st:ll balance in .2G02 by nul il:ch;ding l~l;'; (:ut:;. His bill los: (91­
"139) bm hI..: belil:\'l,.'s he' s bdrx:d raist' the le\'eI or ;tWan.:lI...:sS. 

r \',,' discIl:":scd with Jancl Y'.-'lkn lh<.: HOlion or the Admill;str:ltio!l taking ;1 rn):->ilion of 
mainl<linillg {our basic research budget at'icast at constant dollarS. b.nt. as ....vc progrc:;:'s to ~i 
balanced hudget: In()ving lowilrd'a :->upport'level that' rises pror,oI1iollatdy v.:i:h fong~lcm.l· , 
cCl!Jiomic growth, This could be called' the 5 pCrcc~t solution, 'Yellel' gCllerall);'agrccs \~'itJl ,Ille: 
hll1, no1' surprisingly, Raines doesn't' favnr oudaking sudul.H cxpti~il position at thjs tim<.:. Tht., 
position I look al. the 1997 /\t\,-:\S S&T Policy 'Colloqu;um (April 23) nH Ihe budg.et lil\'OI'" such 
,\ long-h.'rm din.:i..:tion (SCl.! highlight OH.ragc 2 of attached), 

JOl: Stiglitz (eriA) pubHsbcd a paper 18 months ago <It my urging which undl..'rSl:Ofl::> the high. 
soda! ~mit'of n:turjl on n.'scard:. TIl<.: pap..:r, v,:hich i!lc!ml:t:s Mid:ae,1 HoskIn' sJlapc"~ Iry, !\:.I\:,h;n~,': 
.has· b~1."11 :dady,q':l!ltl.·d.. 



;"'ly bottom line is Ihm I hope ill...· Presidellt wlll bt.' abk 10 (:ol1\ inul..' alhl p\'rhaps nl;lk~ Jlh)J\' 
explict: 1;lS ·'pWlJ.:C!;!)ll'· I)ft!!:.: R&D l}ndg-:t. -::spc'..:::ally f(ll' h:l:>i..:: r..::;can:h. (iivcn the strullg :ll1d 
growing ~upport !\}f research in C~Hlgn.:SS ,md dsewhcn:. 1 hope WI.? t:il11 SW;' ahl'~lll of Ih\.' cur,'!..'. 

;\Ltadlcd ,m: some additional bndgrmmd materials and talking PtlllllS for yOI,!. 

;\ttachnWllls 

(I) Background and Talking. POInts 
(2) Gibbons A/\l\S Speed) 
0) Cicrgea article 

- ... 
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,June 3,1997 

H<lckground: .Iuiut Statemcnt on Scientific Rescarch 

On L\·1<1rch 4, (997,23 organizations spanning the l>cientilic and cngi[lCCrillg .:ommunity 
issued a Joint Statement on Scientific Research calling for on increase in federal research budgets 
in th,c range of? percent for FY 1998. (Fullk;.;! orthc J(')Int Statement (')n Scientific Research is 
aH~tched.) They called upon Congress and the Administration "to renew the natlnn's historical 
conunilmel:t In ;.;t:icnllf;c research and education and i:ldicntcd Ihat funding inacascs ,)1' this 
lcvel ale Ilecc~snry fur meeting the cballengcs of tile !lC'xt century. The statement further 
indicated {hal Aftlo constrain still furthcr federal spending on their scientific programs would 
jeopardize the i'mun: wcll~bcing of our natioil. 

The e!To;'t was J10tnblc because the 23 organizations represent a cross section or scientific 
and engineering disciplines, representing 108 different societies, associations. and organi:t.ations 
with '."toll over I ,000,000 members. Several memocrs or Congress, Represemative George 
Brown (D-CAJ_ Senntor Phil Gramm (R-TX) and Senmor Joseph Lieberman (D-CT) released 
their own statements (excerpts attached) in conjunetiOJi with and support of the .loint Statement. 

The Joint Slatemcm and the comments by Rep. Brown, Scn. Gramm. and Seli. Liebcrman 
empbasize the Importance (if sdence ,md tech:w!ogy Inve.stments for our natiun's economic 
growth and overall swndard of living. They express 11 gro\ving coneern that it will be impossible 
for the U.S. to maintain lcelmologi9nl1eadership unless federal investmcnts in R&D me given 
priority. Among the s(lIlistienl trcrids cited which indicate the erosion orlhe U.S.'s commitment 
to investment in science nnd technology: 

.. federal ill\'("s~mcm in brlsic research bas declined in real tenns for the past livc years. 

.. };illee 1970" Japan and Germ;:my have spent ;:J larger share of lhcil GDP Oil research and 
;,lcvclopm-':l1t relative tv thc U.S., and 

.. re;-;carch inves!ments:.!S a percentage of GDP arc :lpproa..:hlng a40-ycar 1m\"" 

Analyses of the Administration's FY98 request for science and technology have found the 
recommended funding level to be stable or a slight decrease over FYl997, depending on how 
one adjusts fDr inflation, The I'louse Science Committee found the FY9R budget increased the 
<ldminislration's budget request for NSF. 

Highlights of the Ad·mi.nistratio;o's. Jt&D Uudgct Pr~pos~i 

• 	 The administration's Science and technology 'investments accounted fi)f ttpproximatcly 
. 2.5 percellt ($i~' billi9n) of the Federal budget in the Presidc'lt's FY98 request . 

• 	 The .Administration':; FY 199& bu.dg(,';t.~Hlgmcntcd stable funding levels Wilh largclcd 
. iw..:n')<lsl!S inc:luding: 

~ ! - . 

. "., . 
" .. 	 ..' , 

", ' 



A J% increase in the jumiing njNlf1 ,mil in xcte!u':e, engim!t!rinj!., and edm.:mirm 
R&D Clf fhe National Science Founda!lOn. 

AJive-year, I billion doil<lf increase in NA,S't!'s space scumce budl,f,f.![, funding 
rcsc.m.:h into the origins of thc galaxy and the possibility oflilc beyond Earl,h. 

An8% increase in Ihe hasic n:,,'earch hmiMel ojthe f)c,ft~ll.\"e f)epar11lWJlI. 

A .f (: % i!KTt!use ill hasic science rt!st.:.ard: program',' (If lite DCjHlNIJU:,1I {~/ 

J'.:Herf.!.l'. 

A S289 million increase in funding for Imiw!}':;ity-basni l'L'w:ctn..'l1 In -,l(mgt/Jell the 
flniversily ..Governmenf partnership and a S497 million increase ill peer rel'icwcr/ 
R&D programs. 

• 	 The adminislra!lon 15 completely ;.;onv;nccd llm1 tcdC!111 research pays hjgh lcHn'ns - CEA 
estimates returns greater than 50%. 

• 	 The administmtion !'trongly :,;uppor<cd C..:dcfal R&D lJl uur F'l'9X b'ddgJ:l .md WI.: I.:Xpcct t!wt 
nur R&D programs \vil! be supported within the framework of tile rl!cc:nt!y l1cgotinh.:d budgel 
agrl.OCO)Cllt 

• 	 We h,n'c taken pains to provide funding within the context of a balunced hudgt:L Increases 
1Il1cs.:an:h would pay high rrH::s (If rG~lIrn hilt thc:-G federal inVl!st!l1cnts illust he w.::ight:d 
againSl olher budget priorities. We arc willing 10 discuss incn.:ast:s in R&D but only in the 
context of an overall budgct which ach:cvl.'s b,l;anc..:. 
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,Juint Statement Ull Scientific RCSCl:tfCh 

A:: the federal gOV(;[I):i,le!lt do.:vclops its sp';J!dlng pian:. rOt Fi;«;al Ycar 19:1K w.; c~d! upon 
the President and Members of Congress 10 rene\,,' the nation's histotieul !,.;omn"litmcIH ttl 

scientific rc:)carch and cduc,;tion hy providing the requisite funding for the federa! 
<Igcncics cbarged with these responsibilities" Our cttll is based upon two fundamental 
principles that arc well accepted by polk-y makers in hoth political pu:,:ics. 

T:1C federal invc:ztmcnt in scientitlc research is vita! to lour I::ltiolla! goals: om ";col)olllk 
(';ompclitivclll'ss, our medical heahh, OUt national sCl.:mi:y ,mtl our l;\lality of Ii !~:. 

·S;;icatilit: di:-;ciplincs arc interdependent: thcrd'orc, a comprche:l:i;\'C tlPFrcaeh to scll.!l1ec 
fU:lding provides the greatest opportunity for rcaching these goals, 

We strongly believe that for our nalion 10 meet the thallengcs of lhe :1C~t Cl.!nlury, 

agencies charged with carrying nul :lcicnlilic fcsc<1!'cI: and I.!duc,ati(l11 require incn.:u:>es 111 
their respectivc research budgets of 7 percent for Fiscal Y car 1995. TllesIJ ~lgctlcics 
include, among others, the NSF, NUL DOE, DOD, and NASA, The inere~ls~~s we call !(It' 

slrih; a halance hetwcen thc current fiscal prcs:>UfCS and t:1C necd to lnvcsl in ilctlvilics 
that entlhlc !ong-tenn cconomic g!'ow:h and rf(jd~lctivlty. Such itlcn:ascs would only 
partially n.:s:on: the !1l1btion.ary losses tbat most of~hcse agcllcil's suIT<.:n:d during the lasl 
few Y":3fS, 

Prudent planning ,arg,\,J(,'s for strengthening tht: n,:spl'ctivc :\¢ti\'itic~ of m~\}ll n..'scan:h 
agem:i;.;:;••\S ,;lr..:ady n':~\Jg!!iz,.'(: iIlIK:,ldillg kgislatiull, To -':HJlstrail1 ,:lill !'lirth""'I' l~x;-':I';d 

~pcnding. on !hei r scicllt ilk programs would jeopnrdizc Ill ... fllturc we!! ~bd!lg of (!Uf 

na:iOT1," ­

American Association of Physicists in McdiC-ine 
/\mt.'rkail Astronomical Society 
American Chemical S(lcic:t\, 
Amcric111 Ci(;(liogical Instilute 
American Geophysical Union 
/\!1l".;ri<.::1I1 Institute of IJi()l()gic~ll ~cic;)c;:s 
American Institute of Physic:'" , 
The Allieficq.i) lnstitull.! of Profc:ssin"nal Gcolog"ists 
American Mathematicu! Socict)· ' 
'I'he Al1ktican Physical Society 
Arn!;rican Socit;ty of Engi:'lccring Educit:on 
ASs;,H.:ial~()1l for Womca in M~lthcmal:c!'- ' 
t\ss!)ci<.!{inn It); WOtllC:l in Science 
ASlronmnica! Socie1Y nrtbc Pacific 
C,H:r)ci II)!) Lndcrgwduah:" R~si:;~rclj 
I~ngin~cring Deans C~t~J;cil... 



Federation uf iVlntcria!s Societlcs 
G,;ol()gleai Society of Amcnca 
The Institute fif Electrk:a! and Electronic::: Engineer:;, Inc. 
Matcrluj" RCbcarch So~idy 
Mathematical Association of America 
Olltical Society of America 
Socidy for 1I:dmtrinl and A?plicd ~·la~!!I..;matic." 
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.Joint Statement un Scientific I{csc:ll"Ch: 
Excet'jlictl St:.,telllcuts hy Mcmhers of COllgn's:-.: 

RICI'RESICNTATIVE GEf)RGlc Ie. BROWN, JR:"I am very pleased '0 sec ,hat 'he 
Nation's science community i$ ~pc<1king out against elTorts to balance the Federal hudgct 
OIl the hacks of research and development investments. I hope that tndny's press 
confcrcm:c and join! SHHcmcnt will be the lirst of many actions taken hy these prestigious 
nrgaIll7):Jl i; \ilL 

"Investments Ir; research <Inri development programs are among the'- most impoftm:t 
cxpc:)dhun:~ the Fcdcra! government can make, Economists estimate (hat as IHtlch a~ h.tlf 
of our Nation's economic growth in the last hundred years is due to lec!l1lologicnl 
innovatj,l))S, lfwe t.:ontill'c.1C 10 u:l ...kr illv;::",! in science and !cchnnlogy, OtH dhlfh; to 
baJ:mcc the budge I wil! leave our children a less prosperous future 

"F• .xlcral R&D hus, as in tli:.: joifit state:ncnt or thl:sc sch:ncc organil' ..atiotls points out. 
declined ill renl terms over the last five years" Further, every balanced budge:t pla:1 
oJYercd hy :my l~cpHblic~lrI nr from tllC Administration calls fbr furtllcr n:ductiollS lnlhcs:..' 
!aV1:S~mc!llS fiver the next five yenrs. While there are some on botb side-s of the !lislc thaI 
have called for either spcm:ing increases in particular area:l, of re~ca:eh (;itH.:h (IS llc<llth 
n.::-:c:m:,h) or ,iGroSS tht: hoard in t>~k'r:ec, Honc of those proposals Hkntilics how slIch 
il)Cre:lscs will be accommo(Jaled in a babnce:d bll{igct ;;;ccnario. Umii you take that s~..:r 
vnu <If>: j:l;;l playing with H),onopoly money,. 

".ll1st as we I;:;n:;) ger:cra:in:lnl nhligatio!110 balance th:: hudget :lIld )10\ 111akc tile E(,:\l 
gcncra~ion pi:y for our COIlSt!l!)pt:tll1, we also have an obligation to conllnue It) invc51 ~ll 

tho:>:e programs that win leave till..' !Iext generation in a POSiliolllt). enjoY:l 1'0;';15;, gcowlng. 
!.:ClIlhllllY, I heli::ve lhal my budgel i1;'oi)(lsa! docs lha:, and I h~;pc t!:al {be st;i.:ncc 
C(lllHlHlllilY crln work to educate others in W;1shingtol1ltbOUt the importune;.' ofthcSl' 
1n \' c;;:1 r)j(~ Ill;;., " 

SENATon IllIlL GHAMM: "I wnnt to thank thc Ic<!dcrs or tile Aillcric,m Chcmkal 
Sn<:Jd}'. (11t; American Phy:.;!c:!: SI'cit:ly, l,lC Americ{tn Astronomical Sm:lcl,v, the 
American t'vlnlhema!ical Society, and the other societies here today for their support tor 
incn:<l!'ing fe:dc!":..!1 ill\'cstnll'111 in',,<;cir..:llC<':, This is lJ:I\actly 6c goa! ofn;, kgis:ntinn. \\hid; 
woo,dd',douhle the amount of' federal invcsmlcnt ill basic ~cicncc <}_I1U m<.:tltcal research 

. over ten years",. 

"If-we: liS a c\,;untry do nOj"l'cslorc the high pnor:ity ~mcc am~rdcj sCIene!: {Illd lc,cl1nology 
.1r'!. t;,~ federal hudg::l an~llll\:ri:asc fcd(:ral ill~'C$trnci1: ill rcseaf;;b, it w:1! be i1l1pl:~sibk to 
maintlill the United States' position ~\s thc tccimologicalleadcr of the \\'udd 

"Sil:Ci,,; I 'no, ,I.,;pall dnd <;ie:nllany IliIvl:'spent ,\ i;lrger silare ()rthcI~ GDP 0;) rc~carch l~lld 
'dt:\'dopll1ctlt rdutivc'to thc U.S. \Ve cnn,no longer afford to f::11I hebimL· Expandlllg the' 
ni\liol1'~ C(Jplrll!.tment :n n:se:m;l: j); haslc ~eicncc nnd'mcdiciJ'v.;.is;, critically impt,Jrtan'j". . . 
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inVl.:SilHClli. ill the fllture of our nali,ln:' 

SENATOlt JOSEPH), LIEBERMAN: "Several months ago during the heal orlhe 
SWllI1H:r of 1996, Prcsidcm Clinton and cvery member or Congress r,,:;:clved a lener 
signed by 60 j\;'obcl Laureates which contained il sirupJe message: AmcricH'$ invcBtmcnt 
in research over the last fifty years has bccn a vital source ofOUf economic and poEtic,;;} 
s,rcngth around the world" as well as the quality of life Americans el~~)Y il~ homc,' It b:!~ 
nn!y oeen through the Fcdaal GovcmmCll!'S paticll1 ;nVCSlmC111 :n ~cicnc\.·_ argued the 
Nohdists, that American:' Iw,\'e heJh.::fi1~d Ie s:) nit!n)' C:-;Ir:ludinary way~; frnm m!v,111Cl,'~ 
in the lindcr,,,:.amhng of n~[r worl(1. 

Hi am... optimistic that the stage is s~t tu move !()f\vard on pob.:.y Qccisi(\IS dut will 
guaran(<.:<.: increased economic growth and nminnal security, and represent ;J Y;;ry 
ilnportant il!Vcstmcnt III America's futarc, 

" 

"My tlptimism is a product of two recent events. The rirst W;;IS illlWduCiiun ofS. 124 by 

l!m:c Senators Gmmm, Mnck and Hutchison entitled the National Research Invcstmcnt 

/\et, calling for a doubling of federal Investment in hnsic science, technology and medical 

rcscard! over the neXt Icn years. Second. in last month's rcleasc of Prcsidell! Clilllon's 

budge:. science <lnd technology programs werc increased almost across the hoard abot:l 

.three percent on iH'CrJgc, which is significJJit given the considerahle 11~ca! c<Hl:'.l.ra:ms 

and the intense scrminy to which C\'ery prog:am and ag(:ncy ;s sU!~iCl'l", ... 


. .. 
"J belk:\'c tlie opfim,stli or the present moment comes primarily hcc:ms(' o( soniC 
1:!I!!hiing Illcts which han: cOJlvinced llH':lllh..:rs or~)nth parti\:s Ih;;t c.;dll)c!I:ing milfC I1W,,1 
hc th\llC to slimulMc gtwd 'n.:;:;can:h ;:;ld dcvclormc:H"" Ir yllU bel:cve ,IS J d\), tlWI 1\(1)" 

CIHTcn! prospcri:)', i:J:clh:ctu,J! l~ad-crship i:1 science <Jill! meJicitH': and the growth of' . , '" 
l.'n!ir'...: :lCW ind',ls:ries arc directly linked to inVe$(llwnts made"thlrlY. YC,ars ago, th;':J1 :- Ole 


hav~ ,Sot h1 ask when,' will this L:Olllltry bc thirty ),cms from nnw') [t ,s like:)' 11::.!t sc\cral 

countrli.:s, particularly in Asi:l, will exceed ():l a pcr c:lpiia basi;;, the US c:\jJ<:l:dhuf\,' in 

scictlci.:. Japan is already spending mQre than we ilr<J in absolutc dollars on non-deleDse 

n:search and development These f.'1cts led Edeh Bloch, the fonner head of the Nalional 

Sdence Foundation. {() writt' that the whole U.S, R&D system is in the midst of a enId;;] 

ll'Hll:Sllion. Its rate of growth has leveled off and could declinc. \Vc c:mHoi assume lhal 

WI.' will stay, at thc fordlum of s~ience :.1:1(\ tcchliology liS \\'c b',':.' for Eliy years: 


"}\l1hough difficult. [he partisnn i;1)I)1lictS and rins of'lhe pt1st sevi.:ra! ),ems ]l)ay hll~'C 
. p(:r'ronncd a USi.:ful servicc-in c1arifying,th1.: dcbat1J- over when public' funding on research 

is jU:1lificd, I believe it is a mjslak~ to scparntc research into 1\\'0 warrj'ng car:lps, o:w 
/lying {he Oug 9f husk science'and the other applied scieHe!'!, R;lther the research . 
cJ:(crp:'isc rcprcscnt~ a hroad' :;pcGtnllil nf'l:um:m <It:iivity with ha~ic and applied "C,K[;CC 

at c:lI~cr cn~ hllt ~Ol in oppo<:i1inn:' Ev~ry ~(}mpnncn1 n!;\llg ihe sp;,;ctnl:ll:Pi\lducc's 
r~turn;; ~ ;,;;.:onomic, so;,;ial and iIHdkcHla! gaill~ l~,r the sodc,:)' as a \\·hllk. If we call p\l~ 

Ihis'division hehind us, wc Lall -.:xam:nc rcgi ....~lS within tit:: spcctnll:l \\'hich nc\.!d j~dcnd 
suppoi·t,. thns~ best developed tbrough till! 17l1ctluragcm'cl1l ofthe I)'la'rk~( and nua!!y, 
thuse whicb ~equif~';-L mixed approach: This is a fl~oe(!ss in':-vhich pragma:ism.s!tould b~' . - -' .,.. '. . 

,,6,­



ctlcollragtd. 

"Th<.:: c.lwllc:lgC that j:tC~l' us is 10 \ake the remarkahly hrmd wn:-;C:1SC:; for I~dcr;l: 
n:3carch and build;} suhilar C(lIlSt:l1l'dS as to what aCllons can 11\:1;1 1.1~ ;u m:hit,;\'c our 

shared goals. Pnnicipmlts ilfthl.; complicated dance orsdcncc include the federal 
govcmmc!11, private industry. national laboratories, large and small universities. 
;)rofessional societies ~\Ild en~rcprcncHrs willing to risk tht:ir wt:alth on the commercial 
success ,,1' a new idea, [I' We an: in lll.1illlain and build on our wnr:d lc~d.;rs;,ip. !he 
Federal gnVt.:rnm<::m mllst C(Jll[iJlllC 10 play it pivntal rok.'· 

- 7 ­
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Science and Technology Policy 


in the Dawn of the Twentv-First Century 


It ::; 'with spl..:dal pleasure that one..: again [ gn.::.::: thi:-; (Eslj:lgu~sbed bndy The rang!.': and 
(1.:1'111 "d S.;iClllitk [<lII':l1t gathenxl here n.:pn:-senJ. not only I.',mtinucu American leadership ili the 
Cromiers of science' and tC'chnology. but a vital commitment 10 ensuring n better quality of lift, for 
(Ill me gCll!:rations (1 f ,ill !\ m:.:ricnns. 

Since! last addn:ssed this colloquium. we have witnessed n rcmurkablc string of scienlilic 
disco\'CI ics and tl.'Chnological advances. Hardly II week goes by wiihout major hrcakthn._1ughs 
!'(:p0ricd i:) 1h: p;;gc:: 11 f that karr:cd journal of s"':;t;nl'~~ -- Tite Wa....itilli!fiiiI'PIi ~i: pos;;ibk \\ ;I\I:r n;l 

;Jur Olt}o:), and pCrl~<IP$ on t);l;': of the moons ofJUpitcL th;; prospect of ~locicnt liie on ~,/lars, 
dOlling of ,\ mammal from a fully differentiated cell. confirming the existence of a third branch of 
life on earth, first swps toward demonstration of an "atom !aser" Just last week. we r(.'ad of tlw 
t;;;(.! of :llltdhtc data to document a signilicant respor.se hy :4or:hcrn Hemisphere ecosystems \0 

global~s:.:alc warming dunng l.ht' 1980:;. which can bl..' dcsnilx:d as a longer growing sC<lson in 
high btitud,,'s. Th\: list go..:s 011 and (111. Albr:: mag!!itk":llt d;$co"J.:ri\:s. ~!11 gcot.'r:tting;l n\:w 
~crics of qll<.;;;ti,l!l:< lind p(ls:-:ihil it:es,· 

Conlrary.to d}cs..: re,cenl notc\vorthy discovc'rics, It Is.r~markahlc how. much (lfthe S&T 
policy discllssion n.:mains'stw:k on giri,olllY "budget taJk 1'! agl..:licy' for~tlncs; and the outYC':1fS, 
There hav~ been n\any dire predic.tion~ lhat balancing the budget would mean deep cuts lil '. 
;:ivili'lIl· n:SJ!tm:b P!O£p.llns, on the magnitude of one-third over the !lcxt 'fl\'c'Years. Every ycar'in,. 
tll:s' offit;o..:, I h"vl..: h~:!rd thl..:sC rumbles. ~\nd every year I havc- wamcd Il;at our rcs(:;)rch rmdgcls 
I1'c'rL' illl\;aljk:rii. lhis ycar je; more hopeful. althOl:g:l t:)\.' ycEow CaUI]o:, Hag:s sull ,HH 

': ' 
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I \\'ill n.:turn to the budget later, bl'!t 1 first want to dwell on thc o\'cran:hing HllliO!wl 

inlere.H - wI1h an cyc on the future and ifS constituency. You arc an integml part oftlwl future 
and therefore bavc a stake in the h!l1g \'ie\\' or policy that OSTP seeks to provide as lnh;rJgetlcy 
comdinator Jnd ,advisor to the President. 

Budgdmy and Polit>, Climate 

First and foremost kl me.assert that the President and Vice President remain unwavering 
Jll their support far science and technology ns crucial invcstmcnts in our futurc. They share our 
t:ony~ctiolls that such investments enable our nntion to compde aggrcc';sivciy in the global 
;lm~;';ciplacc, protect our cllvironmenl and mntlngc our natural resources in a sustainahle manner, 
safeguard our national security from emergiag threats. and spur th\! technological innovation that 
ha;.; contributed so much to our economic prosperity ~md ql:alit:, of lifc, Despite the prognosis of 
some pundits. last year we often sailed against the wind, but we always held our rudder Iruc, 
And, as H result, with a lot ofhc1p from outside govcmment \\'e successfully held the line in the 
purchu:,ing power of the uggn:gatc Federal S&T budget. Thisls thcffJlh year in a ro'.\' that 
Prc"idc,1t Clin:on has prnposed to incrca::K~ n.:sean:h and teclmolugy 1~!Jjding, while nl the s~mh';, 
tim'l! putting our country Oil the rmth to fiscal sanilY, '111i::; is especially encouraging news" and 1 
belicve that once Federal spending is brought under control. our F..:dcral S&T UlvcstmcIHs should 
grO,w and track at least with the Gros.s Dmncslic Product. 

Within the scientific community and in Congress. thcn: havc heen calls fi.}f signilican: 
jllcrcast:;> il: l-':dl.:ral R&D hudgt:l~ ;lbo\'c wbltbc Pn.:sidcnt 11a:-: n:ques;cd, S;)!:lC prop(1sals al".' 

gcnuinl·. Others ;;~rc liuh: mon: than nicely wrapped, rhetorica!ly-Elled. empty JlrI.::st:nti1" Ycl 
tbese calls for more research support signal an cndorscnwnt of one of the Adlilinistration' s 
priorities. and hint of a welcome return to lhe traditional bipartisan political SUPI;ort for in\'c!'ting. 
in fUlOre rt:scarch. 

I am heartened by those scientists. university .ant! industry kadel'S, and Jlnlit:y mab:n; 
~:d\'octlljng grt:ntcr Fedt:ml investment in R&D. Such activism has made a diftbent:e by 
':lmplifying the s;;icmific community's voice, But make no Jllisl:tke: the c0l1s1raims nn Fcdcrai 
research funding an.- dri\'I.:H by a budget deficit and l'Iationrll debt tbHl n:cklessly tripled during Ihe 
19XOs. and thai still stifles invciltmcnt today. Would I like 10 sec an increase in fedetal funding 
for H:scarch? Of cuurse~ Do I be.licvc that Olll' nalitm'c, tu:-:payers amI rUltHC gl'nelations \\ould 
be' wclJ·:s'crved by greater investments'? 'Absolute!)'! Would bctter understanding {If h!lW S&·( 
change:;' tht: lives of o!lr. citizens help the 'cause? Unqucst~Ofiably! For I beli(!ve ihm the future b 
bcst~setyt:d jf science and tcchnology are widely understood-and \'alued. . . .' . -'.' 

W<: ~trugglc witb Ihese difficult choices to ensure, as the Presidcnu::onsisll'tl!ly 'p(lints nul'. 
11:al ":ht' future docs indeed h{wc a constituency." S&T fO:lding i:-; i1 high·stakcs. high·!t:vcragl.! 
invt,;;;:lmt:1H in 111e Natinn . S cO:li:nucJ stabHit y and pn1sfll,:rll y. 0:11' President's 1.!<':(\I1(l1 t,li c pi ~IC is 

• 
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working. Our delicits arc lowcr. Our l'conomic growth is higher. And it is this stl'ady growth 
that fw.:ls thl! economy. making ill'asil!r 10 incn:asl' S&T inVl'SI!lll'l1ts and slill fl'ach a halancl!d 
budgl'1 by the year 2002. Look no further than the Prl'Si(\l'tll'S R&D budgl'1 projl!etiotls that arl' 
far mon: favorable than anticipated. For the first time sincl' 19XL I rl'pl'at, since 1981, thl' 
budget deficit could slip he/ow $100 billion this year. Ihanks 10 a robust economy Ihat is boosting 
tax revenues. 

Shapin!; the S&T Portfolio 

How can you help shape the S&T portfolio? You Ilel'd to continLJl' 10 bl' political activists 
in explaining the intricate processes and beneficial outcomes. n:vealing the comp\l'xity, 
uI1Cl'r1aillty, and inhl.!rl.!ntly long time horizons that charactcrizl' your n.:scarch and innovation. 
While the S&T enterprisl.! may not be growing at thl' rate of the.,} 980s, our job is still to n~lUrish 

Amcril'an Scil'IlCe in all its vitality. Wl' are shaping an S&T pllrtfolio that is consistent with 
existing budget projl'ctions. that addresses national goals. and that is faithful to the exciting 
opportunities we glimpsl' daily. 

So hmy will Wl' effectively l!xpand thc rrontil'rs ur Kn.\1wkdgc umkr clllT~nt budget 
sCl.!narios? As the Cheshire Cat pointed out in Alice ill Wonder/(llId. "how you get therc depends 
Vl.!I')' much on where you want to go." In the final analysis. our Federal S&T ilwcstment 
prioritie~: must be balancl.!d against aff other nel.!ds to in\'l'st in infrastructure such as 
transportation and l!llVirollmcnt, criml' prevention. national sccurity. housing, health carl', and 
l.!ducatioll. 

EVCIl as thl.! hdl'ral budgl't deficit is tamed, Ihl.! Administration has pr(ltccted the h:vd or 
invcstment in key Federal basic scicncl' programs. Iwl only those inlhe National Science 
Foundation and the National Institutes or Health, but also those in IlUml.!rolis mission agcncil.!s, ~ 

such as the Department of Energy, and the National Aeronautics and Space Administration. 

Our S&T policy is a 110ti(}1I01- notjusl a Federal -.policy. Thl! bl'nl'iils ofrl'search arl' 
not fashiol1l!d in Washington. tll!.!y arl! forged in factori!.!s, laboratori!.!s. and uniVl.!rsities and 
coll~g~~ across America. We arc shaping a national prngr:lIll to address national goals. 

Therefore,· a centerpiece of the Administration' s portfolio ·is our·commiuii.cnt io·S&T 
·partnersbips bct\~l.!en the Fe(\l'ral govel'llm~nt and universities, states. and industry. Such. 
coll~boration is not only desiniblc; it· is Csscl1ti.al. !'lo sector, sponsor. ·or·perfofllier can do·it" 
a1011e: The Ii nkagl.! of rl'sl'arch ·and l.!d lIcatioll - al1l:horl'd i·1l lIll i vl'rsi ties hut prac.I iceq in raci 1 iii es 
buill. starfed. ,ind shared by stale government and industry - has proved an l.!xceptionally 

.' 
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en~cli\'e public p(l!ic~' for dccades, From planning to execution to evaluation, we arc hringing 

to tile tahle all the players in science and tcchnology - the business cOllllllunity, n:search 
universities, non-profit institutions, and state and Federal governments. 

In many research fiekls, the productive path to scientific advances increasingly involvcs 
international collahoration. lvlajor research endeavors, such as spacc missions, particle 
accelerators, astronomical observatories. the qtiest for fusion energy. climate change rcscarch, 
and mapping the human genume, arc so rcsourcc-intcllsiyc <lnd necessarily one-of-a-kind that 
international cost-sharing. exchanges. or in-kind contributions havc become commonplace. 
Rellecting the global growth in sources of innovation. working with other nations on research 
activities for mutual benctit has grown as a priority. 

The Federal investmc1H in university-based research is about $13 billion annually in 
university rcsearch alonc. This.invcstmcnt has yiclded new know1cdgc, technological 
innovation. and a scientific and tt:chnical workforcc that remains the envy ofthc world. But 
national, political, corpow!t: and t.:ducation leaders haw advist:d thc Pwsident that thc Nation's 
universitit.:s are expcricncing growing stresscs and strains. Such prt.:ssurcs stem from a 
constellation of changes. and the Prt:sident's Committee of Advisors on Science and Tecbnology 
(!leAST) !"I.!coJl1ll1endcd a government-widt.: policy and mlministnitivc rt.:view oj" our uni versify 
research system. III response. last September, tbe President ordered a multi-agl!llcy review of the 
univcrsity-govcrnmcnt partllership to idcntify the principal arcas, of' strcss. and to n.,:col!1mend 
ways of coping and adapting without sacrificing exccllencc or productivity. This review will . 
assist us in dcveloping strategies that promote eost-effeetivcness, alloeatt: research costs fairly. 
5t rengthen the rescal'ch -ed lIcatiol1 Ii nbgc. and deyd(lp :1 ppropria1l' measures () l' accolliltabi lit y. 

As many of you alrt:ady know. the White HOllse amI the Nation's governors rect:ntly 
agrced to work IOgelher in an innovation Partllt:rship 10 promote economic growth hy 
stimulating tht.: dcvcloPIllt.:llt and usc of improved techllo]ogics ill areas such as advallccd 
manufacturing. education. health care and electronic commercc. We. will also extend the 
capacity of the Manufacturing Extension Partnership to help modernize the nation's 380,000 
small- and mcdium-sized manufacturers. We will continue the work we have hegun to 
streamline the regulatory environment for research and 1l!chnology. 

We \\~iU ,~Jso persist. in our efforts to have Fedt.:ral agt.:ncit.:s work !llore closcly with each 
othcr,: and with thc priv,;it.: sector: We have had somc notahle successes, iilcluding the 
Partnership for a· New Ge'ller~tiOli of..Vehicles,· 'a cooperati~'e dfo~t aIllClng riumerous 
governnient agencies and the U.S. automobile industry, to·produce a producii'on prbtotype' 
vehicle cap,;hle of gO miles p'~r gall~n hy 2004. Anothc,: standout if' t'hc Commerce 
Dcpartnlcnt's Advanced Technology' Program, which forms partnerships with companies that· 
h;l.ve the greatest pO(t.:n(ial for devcloping tt:c1~n()logic.s to achic\'e hroad-hascd eco"nomic 
bencfits with high rates of social rcturn. Thcsc programs arc no\\' approaching a lc"cl of 
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experience llwt Sh;lU:d permit dcfinilivc rcyicw and oplinlif.<itloJ) of fltlure inve~tment~. 

Other exciting imcragt:ncy initiatives include the Global Climate Change Research 
Program, Ihe Uigh Performance Computing initiativc, convergence of civil and military 
weather 5awlBte::; and advanced aviation and space launch technologies, and a m,~ior effort on 
Emerging and Rc~cmcrging lnfcctious Diseases. 

I cannot sin",'}>s enollgh that bij).!r!13an Stl!J;Jort wi!! be critical ti)r shaping a sllstainable 
ngemhL The Amcm:lll1 people ",'an! :1:> 10 ne paTtI~ers, !Hlt partlsans. and thl: vast majority in 
Congress support n .:\Ht>ng F:.:dt'ml rc"")carch progfmn. The scientilic .llld engineering 
communities also bavc the opportullity alld tbe re::;ponsihility 10 help forge consensus about the 
future'~ requirement;; for Amcricn ';; re<:;earch and education ilivcs:tmems, flistory suggests IhHt 
til;,; <.:o:;! ornut making tht,;sc key investments in t:.:chnlcal and :lUlllan resources will bL' Illr greater 
thiH) that of moving ahc'ld. 

Today, the challenge is to make the best us;,; of the Federal inn:Slmcnt -- to make c.<!ch public 
dollnr purcbase more st:lentific impact and aUract additional finding from other stakeholders in 
tbe R&D emcrpr!sc. Leal'! bUi accountu.blc resl:arch administration. both in the Federal 
goverllment ilod III til..: p.:rforming institutio!1s -- UlllVCfSiiics, medical schools, and national 
I'lhw:norl!.!s ~~ wiE help sllstain om compel!t;w positit.n, eVl'!l as expendiHlfCs arc cO!'.$irai!l\..:d. 
Consequcntly, thc Admil:istr;:llion has begun a process o( management reform.:> to in:prove tbe 
dft:cti'{cness of the lJ)v\!stmcnt. Examples include: revising and streamlining regulations and 
agc!lcy dj~cctj\,(;S; idc:lli j~'ing regulatioIis that af<..' outdatcd or add 110 value; automating n'::icarcn 
support fU!lctio:)s; i.\L,C d..;\"cl(!ping J1cr{{)fmnnc~~b;Js~d organizations. Identifiabie guub, 
Illl'asurcs of pmgrcss, and accountability for the outcomes achieved with Federal S&T {hlllar~ arc 
also needed and~ Imighl add, a responsibility of researchers. The Government Performanceww 

and Rc~,ults Act codiflo.:s !his and wil; a~~UJT l1:e invcstqrs in S&T, the American r:lhlic. that their 
I;lX dollars an.: Wdl SJiCliL 

In the FY98 budget request. we cOllllnUl: to rrumolC the growth of programs that benefit 
bn~jc rl.!'~carch: 

.. 	 NSF and NII'I wmdt! !;;tch be increascd by 3°/'0; 
to Basic research f\lJ1(\l'd by DOE is proposed rOT a .:!,6% i:lcrcasc above FY97 fllmling levels 

(rl'nl!.!mh\.!t' thaI pl\;\'i(\LI~ (lut YL':ll' projec1:\)llS had ;)O[ prog:ams$harply dCL'ro.:a;:ing): 
• 	 The peer-revlew competitive grant prograins at both the USDA(the NRI program) and EPA 


(the STAR 'progranl) are 'up )8%'and 21%, rcspe'cti\;cly; 

• . DOD· r.asic research in- ih~ 6,1 account is up'by alm'ost S%; and 
• Scicn~e rc~cmch at NASA,!s up 3%, including a projected 7% increa~c,ill aCildL'mic 'R&D.· 

.' SlIp[iort I(}r eIlviroH!w:ntal rcsL"arch. as wdl as heall,h. food .md .safety re.search also riscs, 

• 	 InvCS1IllCIi!S in Cl.1!l.lPHlillg and communications grow by 10 perce-nt. Tben: is signific:IllI!Y 


.::nh,tgt:d :;uP:)(lrt I'm rrogw!l:s to bring modern technology In ;\!~lcrica's clas":;~}(}l:l:' to r:t;st: 
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stmknLi uCI!;<,.;Vl.:llH.:nlS to rig\)["Ous <lnd ;.'liuLcuging swndards. 
111\'cstml.'nt incre\lscs ml.': abo inc!udeJ for R&D esst:nl1<l1 ('(11' l,'l1:)uring <,;ontillll..:d U.S 
I.:(:ollomic h.:atk:rship and job creal ion. 

:n sum. tn lHtlXlmlzt.' halancc and cffeclivcllt:SS of the S&T :nvcslnH.:n\ ponfillic,. ihl.,'; 
Administration is promoting R&D programs lhat are: selected dmmgh ~\ mefit~hased 
competitive proccs.s: arc planned. funded. ar.d conducted jointly through partnerships: provid<.: 
rcalistk and objective measun.:s of prugress and pcrfmmunce' enable technology devdupme!H 
throllgh sustained inh:rac:ions with industry and slale and local g.nvl.,';rnml.mts: hl;;Jd pro:.... :::sipnnl 
capacity in the \\'orkforce. and promote imcfllational cooperation, 

The Rc::.;arch-Educatitm I,ink 

Let me return to an issu~ I only alluded iO earlier, The S&T portfolio llIUSi reconsid~r th..: 
linkage ofn.::searcb. and cduc(ltion. the connection bdwecll discovery and Jc;;lrning. In his recent 
Slale of 1he Un:on message, the President clearly placed the m:x1 gcneration at 11:\: top 0:' b.; 
priority list. He has redoubled his commitment to excellence in education <lnd is establishing 
pcrfornmncc goals. stmtlng with 41h grade reading and 81h grade mathematics exams bq;innlng in 
1999 . 

In a Direc(l\'e Isstled last month, tbe President create-a an NSF~l)cpartn1cnt of Education 
Working Group hI l:!lProvC Math and Sciencc Edm.:atioIi, c1..onlinatcd jointly through OSTP and 
the- Domo:stic Policy CounciL In Junc, wc will recommend an w.:::tion strategy h) ir:lpn;\,c 1:11.' 
tcaching and kl.1! ning of mathematics and science peggl.:d to illh.:rnmional bl..:nchnli.lrks. WI.: wi!! 
focus un incorporating til:.: best pnictices in teaching. id:.:nti fring challenging instrllcliollHI 
materials, and illlcgrating tcdmology in:o classr001:l.:). Peril.\ps mom importanlly, we will SI.:l:k 10 

mobili:r.c ihe profession:!! communltic!i tt) convince students tl1m thl..: math and selene\.! Ic-:tn)l,;d ill 
{hI.! dasslOolll tuu<\y is critically rclat-cd to the skills they \\'ill Ill.:ed in thc jobs of lhc 21" lTlltU!'y. 

We need to think of science and math as part of a sca:nkss web of fmmal :.:ducatioJ! not 
iQr a select fewl but for (1/1 children who carn n high school diploma, a two~rcal\ or a four-ycar 
c!cgn.:l.:. Today'!, II ~ycar~o!ds will be votl.!rs in 2004. They will gl.;{,'d to u:ltk'!'S1a:ld and rnuiilk'ly 
\lS~ \,\lh:l1 wc inlhis wom consider ;'spedalized" kno\\'kdge. Tha: is the legacy "rl1w link 

hetween tcsc:.1n::h·and education. and helwl~n SC1CllCC and ~ocial progn:ss. Til.: Nmion' s c(llkg.~·:; 
and UOiH:::rsilir.:'s must vic\\'.thdr llllSSJOn as the rctim:mcnt of "works-m-progrc:-;s" lh;lt tx:gin. ':IS 

rcs<::archc:"s alIa:;! week' s While )'Ious:: Conf>.;rcncc 0'1) Early Learning fJ.:pnrtcd: II)Jlg ht(orc 
.~hildrcn ent~r Schooi., Thus, lhe proccs~ of rcc'ruitl;~cnt and growi}) mUst .\·tart \\'.i1h ir'j\'t:st~lcnt~ 
long bcfi:'lrc students r:rri;.'c,?,n a colJege ciunptls' . 

" 

..... 



(l\' applying till' t{lll!S of S;::O:I:U: and tcdmology lu >.:riL.:al Hatinnai n;';l'i.ls. With a shin in U:lf 
naliona! priorities. our sch.:ne..: policies. traditions. and practices must abo c\'oh'~. Tog~lhl'r \\~ 
I~Hlst sdze the (1;1j1ortunity to sit;!])!,; our national rc,>c~\rch ::gt~ndn ;:1I:d tack I\! nth...:r IIlTg..:, 
h.!chnolugically cumplex pmblems that cuhant:\! Ollr qu~lhy (if !lfc <tllti national security. Flir 
while we respect the principles of excellence and i.:OmpetitIL1H tbal underpin the fultlre heahh or 
u.s. research, we must cuntinuc tOllurturc the b~llll<\r1 capital tlln1 t.:ducatl's. invcl1!.s, and 
"dminbtcrs - n(i~ just f{}r the ~,ike ~)f science.: and lcchl1(liogy. hUl I'm our sii:.::!ety as:I wl'ok, 

Once again. allow miC 10 l1mkrswre 1~)is :\(h~)i l)iStf;ll }Or '~ \ 'j$ion for ::ck'ncc and 
tiC.,;h!Hl]<,)gy: 
• 	 Advances in S&T - spectacular ~nd often buil! un par;nership:; - arc inseparahle from the 

Nation's future, 
• 	 Dcspifc dire predictions, we have held the line in the aggn..:gatc pU!"-.:::tasing P()W~T u;'. 

Federal S&T. Two years ago, during a period ofS&T budget frenzy ~n Capitol Hill. I 
quoted the wise advice of'I11hmas Jefferson \\'110 once counseled "A little patience, and 
W~ shall sec the :il))<: of witches pass ov!.!r. their spcils dissolve, and the penph:. 
recovering their true sight. restore their go\\:rnmcm 10 its lrue principle." [belk"e th<lt 
after we'vc finished the task of getting the hudget dctici! tll1,der oontroL SUppl)r! fN .$& T 
should gn1\V and track at k:,!Sf with the G!)P. ':tIling w~th our success;n JeB1IlIl:4ralillg tht.: 
added value from s-uch investments. 
Rc-s~arch links wilh,educ:uioll an.! ahsoJulcly "::,st:lltiaL and no! just II! grmhiatc sdl(wl 
:;incc (h.-veloring human <,;upitai is a long-tenn. nvcrmching go,!;' 

• 	 'vie are invenling new ways: of doing business. By cnupling fcsc,rrd, choices mOl'e 
explicitly to nalion~ll ptiorilies, Wl.! reshape till' S&T pt1r!liJ!io, with advances in 
fundamental knowlcdg..: at rh...: en!'!.!, 

• 	 )Jnkss the sclcnt:l1c community stays ilivoJv\:d ltnd wlks to its "inv<.!swrs" - cliizcns :\:,(1 
their ek"t::ted fcprest.:nt::nivcs - we will suffer in the budg-.:t wars through "siknct:"" and 
forreit nul' compelitivc advantage. 

This is part of a new social commct, one thtlt demands: -.:xphcit links betwecil knov.'k-dgt­
pmductlon and its aprli.:.ntioJ1S ir_ policy and practice, As: President Kennedy once ft:mindtd liS. 
"Sclellti;;l.'-. alol:e Gl:l estahlish the ohjl.':l.':tive~ of their feSl.!':lfch l hu! S!ICk'IY, ill c:>-:h:!:dil;g S:cll'pnr\ 
to SciCHI:C. must take acemml "fits own needs." ! urge you 10 I"ok under, over. and heyond 
budget trend lincs. Wt: Intlsl cmphasize strategic :hinh::ng and (lrgmlil.ational ch'lllg.:, /1(1/ 

budgcts per st:, since n.::sm:rccs will m..!\'llah:y lag u~lr ::spimtiollS i\Jld promising)d-:;!s" !\:, 
Congn:~sman O{:orge Br~)\\'ll \\;Isely ·po.inls out. i[w:,; an: to 'preserve the fl~turc health of the 
Nation." \Vc nc~d !O focll~ on .~;& i"p,;\icy, 1m! solely h;ulger policy, the tWCl arc dc'ad)' linkt;tL . 
hut ton oft!.'u \v:,; ,los~ sight of the, long-ten;) S&T polk;.' w];ih! g!.:ttil:g cxcrcl:i!.'d tllH:ildUy l)Ver . 

number:-: In the budg,ct ledger:" . 

In the da\\'I! tl(;I!c IW'::lly·nr;;i (eLl!lJ'y.1 do !j(:' ellls\.' PI!.1 sp!1lhcr ""ie, 1(:1' !"Ir~ hi'> 1,,,'C11 
a CClllu:'j' of !'_ei<.:"l~lifi.c c\lnqucs; ~md.tl'dmical·lrill!llph. 

http:n;';l'i.ls


Ncv..:r ill tlllr c()ul1try',~ :;l\(l\'t hiswry or C\'Cll in thc 1(1I1g..:r history nf:;ci..:nc..: has till...' 
pl'uspeel h~~CIl brighter. ()r Ill..: llt.:..:d gl't.:alcr f()r collahoratloll bdwcClllhosL' in g{wc'rnmcnt 
shaping S&T polky and thost: nfytlll whu wllrk at th~ lab beIH;h, 

The dla!lcnges we grapple Wilh today arc without pn:cedcnt in human history, Let us 
always rem~~mbcr Ihal wisdom is the child of experience as w~ move toward a new era in which 
science \,>,ill hc iner..:asingly chalh.:ngcd Itl fulfill ils prOll)bc, And as we lean into the futurc. let 
lI~ also n:soh'I.' tn ..::)cmlrag(.: ot1l..:1' takntcu young J,len ;U;l~ W()nlen hI join us j" thl.!so; diSCIplines 
wh:ch :"cquin: Sll !1':!ch 1hHll the!]' hilt which Ii:!v..: su m:!Ch 10 gin: to our c:!izcns am: to the 
pt:op;c ofthc wor:d, 

Su l\l each oryou I cxprcs!' Ill)' deep appreciation 1'01 your contributions in the welfare of 
mankind, to Ihe priceless storehouse of knowledge, and to tho.: options ofne\\' technology so . 
\!$scmi;jll~)r t:'i: fu:ur<.:. 

Fina!!y. I ~\l;) rCllIil:ticd of what the great Fn.:nch Marshall Lyauley once said when he 
asked his ga~d<.:n..:r h) p!a:H a tre;; Tile gard.;ncr pro:\!,,;..:d that .. the tr\!C wO'Jld not ht:ar fruit for a 
hundred yeurs. "In thaI i:ase:' Lyautey fi:spunded. "plant i~ this afll:mooIL'> 

That is hnw ! fed a];nUi your work. Godspeed to each of YOll, and may the hest be ),et to 

come! 

- .... 
" " 
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The 7 percent solution k:, 
Funding iJaslc scientific research is vital to Amcrica'sfuwrc 

A
s many orus gll1..ed up at the H;lle-liopp comet this 
spring, wondrolls nnd serene ill the heavens, an 
angry E~mail ril1lml thmugh the scienLific com­
omnit)' below. It "':as wriUen hy Alult Hale, one of 

the men who discovercU the comet lwo years ago. 
Hale, it ittnlS out, cunwd a Ph.D, itl astronomy from 

New Mexico State University in 1992 and has since had 
terrible trouble finding decent-paying '\ark. His wife,. a 
nurse, is the family's muin SOUl'1X; of itlCQmc, So disillu­
.<lioned is he with America':; "scientific illiteracy" und the 
drying up of research jobs that he 
WQuid nOl encourage toda),'s stu­
d(.!nts to pursue scientific careers. 

For mauy in the field, there I:: 
poignalit irony in Hale's story, He is 
one of "lany )'Ounger Ph.D:s who 
could put their names on new dis­
covt:t1CS in science and it'chnolu.c;y 
in the year~ ahead, A rceent visit to 
the Califomia Institute ofTe<:hnolo­
ID' and the Jet IJropuli'ion lR.born­
tory llearD;' fOllna sdenliS\$ buh­
bling wilh excitement about 
prospective breakthrQughs, Yet 
there is a k-gitimatc nnd gro\ving fear :1I11ong these sum\! 
people that the nation TCally doesu't IIll(ters:mlo or sup~ 
port their endeavors. Few are as gloomy M Hale, but 
nearly all share his concerns. 

DOwn, dOwlt, down. The clearest form of national support, 
for science: is the federal budget, which funds 60ycr~nt 
«It the ea~,mtxy'$ h Ols ;,-,' Tf'~Tor <!cc.ades, cxpc~turcs 
increased. III eaeh of the past four Ye;lrs, howL.'ver, federal 
inv;.-stment in research has declined. and President Clin~ ~ Ipu's budgl'l ('nUs for yet anotlWf dm~J1I" 

Since MardI, in an unpN.'eeden(ed show of unit)', the 
heads ofover40 organizations representing morethan 1.5 
million scientistS. englrmers, and mathematicians have 

" endorsed a j~int statement expressing ulann th>li re­
. sc:;lrch i"vestments as apercentage 9i9DI'" arc approacj;~ 
in' a 40M 'Car lo'!!;,. Til£r urge that federal spending on 

.. q:scar rlcvc10 men! he increased 1) 7 erceut next 
--Y£!J.I:..:!:uollgh to.m~ke up for past inflation and to t"-.-""'crsc 

the t rend. A gmlA<ingnllmher<Jflh!j)ublk:tllS, R'd byTcxas 
Sen. l'hH·Uramm (3 dendt hawk), :11)(1 smm,:'!)cJ!)ocrilt;; 

are joining the fight Gramm wants a doubling of science 
spending ovcr the next decade, 

The arguments fM substantial increase.'l are l:()mpel~ 
ling, Some believc the end of the cold WIll' means we no 
longer nCl'<i scientific research to protect our security. 
What they ignore is that the lag time between basic re­
search and military application is often 20 to 30 years; 
weapons used in the Persian Gulf war, for example, 
emerged fmm research in the 19608. \\'lio can say with 
certainty today that we will not need advanced. mili~ 

tary teclmology a quarter century 
from now? 

Economists believe rcsr,:arch is 
also essential to gro'wth and keeping 
our eompetitive edge. 'Stanford's 
Michael Boskin estimates that half 
of all long~tenn~owth 
since WorlUWar II in induslrial­
i~ nations is due to techli9logical 
~ .. 

....nroifess which, in tum. is [QOtoo 
ill basic r<:search, At the University 
of Pennsylvania, Edwin Mansfield 
hHs found that academic research in 
sciem:,,:: has a "social rate of return" 

in tile form of lower prices, hetter prodllc1s, and higher 
productivity that exceeds 20 percent. 

Finally, we should understand how science advances 
ourquality offife. Allan Bromley, science ndviserw Presi­
dent Bush:.and now dcan of engineering aLYaJe:':points 
out, for, exRmple, that inJ...hc past. five yCam~a:vc 
learned 'more about tl\(~ hum~.!l!l!lin and tcnt~ nen'ous 

tern Ulan in all nor histo ," thank" to iml;'ging an~ 
c cmica tests evclop yengineersfrom basic physics. 
chemistry, and mnthe;natics. Since brain-related disnr­
ders send more Americans to the hospitul than any other 
diseaSegroup, this progress' is very good news indeed.' 

.At a time ofscarce resource's in Washington, it is tcmpt~ 
ing .to 500 the, scientific' community as just 'o~c more 
hungry ehiimant:That's slWl"tSlghted. Uke pubHi:'educa­
tion, serious funding for science is Ii vital nntion~ inve.<rt­
ment. The men and women In our laboratories stand at 
th..: threshold of·da7.zling new hreakthroughs, and the 
nalion shoul!l be Slnnding there with them, supponing 
thc,lt w~rk <lJ\d-sharin~ in th4~ir joy.of di.o;con:ry: • 



November 20,1997 

MEMORANDUM FOR RON KLAlN 

FROM: 	 JIM KOHLENIlERGER 

SUBJECT: SCIENCIC AND TICCIINOLOGY IIlEAS 

Yester1lay you asked for a collection of big new idens in Sciencc and Technology. I have 
attachcd two separate pieces. 

• 	 Science and l'cch Big Ideas. The first piece is a collection of big ideas ihat we 
could do if we were in a perfect world. More staff work would have to be done to 
move fi:mvard on any of these, This is morc of a wi:-.h list ofitems. 

• 	 Sdence and Tech Priorities New for F'V99 That Arc Already in Play. The 
second piece is}t coHcctioll ofFY99 items that we arc working towards and I 
Ihink arc achievable in the FY99 budget process with some lining. 

, Let me know if these an.~ what YOlo ,uc looking fo:-, 
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FY 99 Budget Priorities 

I. 21st CentUl}' TC:lchers. 
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 classroom that our various 
educational technology initiatives arc bringing ($2.25 billion a year e-rate and 
$500 million in other edteeh money). It also helps to dispel the notion that all we 
care about is hardware and don't understand that for it to be successful, teachers 
must be trained. 

Digitizing National Trcnsurcs 
A new $17 million public/private partnership to capture the cultural and scientific 
treasures held in federal collections in digital fonn, make they widely available 
through the Internet, and develop interpretive and instructional programs to make 
them more accessible. We can put ovcr 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 
coulltry. 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, 
NEA $2M, and IMLS $2M. 

3. 	 Incrc:lsc in Cancer Rcsurch 
Incn.:ase cancer funding by $250 million to $714 million more than more than the 
FY 9R request ($2.442 billion for FY 98) for funding to fight cancer. The funds 
will be lIsed to: I) enhance cancer prevention research, 2) improve early detection 
alld diagnosis to make cancer more treatable, 3) new interventions 4) more 
patients involved in clinical trials and 5) increasc access of the Amcrican people 
to state-of-the-art inronnation about cancer and cancer interventions. 

4. 	 Digital (;Iohe: A Next f;cneration Information Infrastructure 
The Vice President has long envisioncd a "digital globe" accessible to anyone 
anywhere that allows researchers and others to "drill-down" to information in a 
digital-versio'n of the, phmet in 'an Intcrnet like infra'structure. This cffort, to create 
a,geographically based information infrastructure, is 'comparable to the original 

. federal' investment that led to the Internet itself. 	The rcqucsi is ror:$25 million a 
yeilr for to 1~luneh ,the first step ,which would make available I meter resolution 
imaging of the entire earth in a new digital infrastructure that al,lows scientists, 
historians, and others to build upon this shared clectronic resource. 

5. 	 . Pul.)lic Broadcasting's Tnmsilioll to Iligital TelevisioD . 
CPB has submittc'd apropoS,iii to OMB for $771 million over,three,Ycars in new 

. ,'.: 



fl:dem[ money kvcraging $1 ,7 billion total for nn early convc[$io!l to Digital 
Television, The FCC has mandated that all station's convert 10 digital 
programming by 2003. Public broadcasting has histurically led the way in the 
deployment of new tecbnologies including salcllilc transmission and dosed 
captioning. We certainly don't want to leave public broadcasting behind in the 
tran;:;itiQIl to digital. And it could revolutionize educational technology. 
HO\'1cver, there arc several questiuns raised by the proposal. Should their 
traJuition occur ahead of the private sector's transition',} Could the cost of 
conversion be reduced through public inlerest obligations by commcrcbI 
broadcasters to allow tower co-siting or other means.? Will Congress decide 
instead to usc the Ill.oney for a trust fund to .wall olTp-ub!ic broadca.<iting from {he 
~mnual appropriations debate {as \',Ie have c.allcd for in the past) leaving public 
broadcasting behind? 

6 	 H.&n for Learning Technology 
$100 million for R&D for evaluatIon and tool development in educational 
technology. This. money helps us answer the question of how and why 
educational technology '.'toorh in the dassroom. ($48M DOD, $58M NSF, $?M 
1lJ)) 

7 	 Lcurning on I)cmand 
New' $1 00 miltion initiativC" to bring technology to lifelong learning. Sperling 
will probubly wke the lend, The Vice i'rcsidcntjust announced a new Executive 
Memorandum lhat charged NEe with coming up with a national Learning on 
[)emund stmlegy. 

it 	 Build National Spallation Neutron Source (NSNS) in Tennessee 
In 1999, the project warrants about $140~157 million, to begin long-lead 
procurement lUld detniled techmc~ll (Architectural & Engineering) design. FailuT":: 
to deliver this funding will ne an indicniion to the Energy Community that the 
Administration is not serious about hUlldmg thc NSNS. 

, ' , 



Possihle Science and Technology Initiatives 

I. 	 Expanding the frnntiers of knowledge· lmtintaintng our (ommitmcnt tn hasic 
reSCllrch, To reclaim a Clinton-Gore priority from Congress and ensure that 
America continues to reap the long-term benefits of R&D, we could invest in our 
R&D budgets to beal inllation and beat Japan's investment, Japan plans to double 
their R&D spending hy 2002. 1 r U.S. trends continue. Japan will overtake the 
U.S. in R&D -- In tolHI dollms, not just as a share ofGDP, 

• 	 Seperate!y we could pcnllancntiy extend the R&E tax credit -~ which is 
currently scheduled to expire in mid-1998. We could also explore 
additional credits for industry supporl for university research, 

• 	 Expansion of university-based R&D could be linked to a set of "grand 
chlillenges" - big questions we do not have the answer to, such us: 

How do we curc cancer? 

Ho\.... old is thc universe? 

How do we learn and rem,ember'? 

How .tnd why do cells die? 

How do we produce mnterial.s wilh no wast~ by-products'! 

Arc planets in other solar systems capable of su~(aining life'? 

How can we lransfonn raw d;:w.l from a varicty of disciplines into 

new insights and useful knowledge? 


2., 	 Pcnmmcn( Tcl£'prcscnce on Mars 
Establish a pemUU1cnt robotic presence on the surface of Mars by 2010 that can 
serve as <l virtual hlboratory for scicntists and educators around the world using 
the capahilities of the internet and other advanced computing and comnwnicatiolls 
technologies. 

:l. 	 0IlPuf1tmity for nil ill the 11ln.rm~.lion A~c 
,We could expand ipvcstmenl in the ~ o~inrormatjon technology, sud\as: 
• 	 Improving the quality oflifc for people with disabjlitics with tcchnoJogic~ 

sueh us sp<-'CCh recognition, tcxHo~speech ' " " , 

• < CI:cating opportunity for work!ng A,mericans to Ii?tlm "anytime, tlllywhere'" 
through ~i~tancc education ", 

• 	 Putting government online, and making it 'more cfficic'nt, responsive,' und 
u~cr friendly • 

• 	 j\ "Digital Ghlbe" 13"1) map orthccntirc planet at 1 meIer resolution1 that 
would scrvc'as a pow~rful tool for c~uca1ion, crisis tlumagcmeni.,aml 

'. ; . 	 , ... 



d(.'Cision-flwking on environmental issues «I "Sit Room" for the planet) 

• • 	 Secure elec{runic medical records that automatically lei doctors know 
nbotlt new 1reatment olliions for pattent~ 

• 	 Digitizing America ',$ cuhural hcrik'lge (e.g. Sn1ithsonian. Library of 
Congress) as one of the Millennium "gifts" 

• 	 Fighting crime by ,dlowing swnt teams from differcnt agcncies/level n~" 
governments to communicate on secure wireless networks - and access 
law enforcement databases from squad cars 

4. 	 Exptmd investment in maintainin~ U.S. leadership in infurmation 
technology, Jnformation Technology is nowthc single biggest U.S. industry. 
This would involve research like: 

• 	 Making U.S. networks "hacker-proof' 
• 	 Developing casicr·to~use computers that "understand" human speech 
• 	 Finding It specific piece of infom1ation in n huge sea of digital infom1atio!1 
• 	 Putting a "supcr<:omplltcr~on-a-chip" that willllllow devices like a Dick 

Tracy w~tch that fits fin a lapel pin 

• 	 Intelligent agents 

5, 	 Na(iolHt] Food Genome Initiative. We could achieve Global food :>ccllrity by 
the year 2015 by establishing a Food Genome Project to cllSlIre and utilize our 
base of genetic resources, Food production is the nation's largest industl)'- ­
about 15 percent of GDP, By mapping the genetic sequence;;; of agriculturally 
important plants and animals, we can dramatically increase ollr agricultural 
productivity and cxrorts. This could cost about $100 million a year. 

6. 	 ' Prc;,crvc the Nation'~ Uiologicailicritagc/Stcm Uiodiversity Loss 
Establish mcchani~lns and put them in place nationwide to preserve the vital 
functions of our ccosysterns, including the diversity of life they contain, by 20 I0'1. 
Complete the foundation ui'basic knowledge of species, and the,ir interaction with 
tht.' environment. Develop n solid, scicntjfieally~hased predictive capabilit)', an 
operational "'ca1c1.1Ius ofbiodiversit),", Put in place, througH public-private 
parttlcr,ship. com'prchensivc habitat managclpcnt plUI'lS covering all <lrc;s' of th,e 
ct)untry•.including a system of conservation areas, inccntiv9$ for private properly 
ownerS. rliid asstm,mccs for the development neeaed for growth "of the country 

7, 	 Ellrly diagnosis .md treatment of di;;;c:lsc~ with a generic cumponent (e,~. 
(,lmccr) Thanks to' the ',hunan Genome Project W~ we'arc wdl on our way to 
se{iU~~lcing' the entire humiUl ge;lOlllc', 'However, knowing where the genes nfC is 

" " 	 ' 
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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 Illutations 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 "tulllor 
suppressor genes," whieh suppress excess growth and, if ahsent or damaged, 
allow tumors to develop." 

Investments in the ficld offunction:.l gcnomics will allow us to link spccific 
genes to specific traits and discascs - which will eventually lead to more effective 
diagnosis and cures of a wide range of discases, including, cancer. 



Remarks by Vice PrCs.H~~!lI Al Go:e 

"Cre;ning New Jobs for the 21 sl Ce!liUry: lavcsting in Research and 'l\;dmology" 


Anllouncemenl of R&E Tax Credit Extension, Gcncllt('cll 

Thursdu)" January 19, 1998 


Two nigb:s ago, III his Stale of the Ul1lon address, Presidenl Clinton summoned :Ill 
Americans 10 strengthetl our nntion for the 21 st Century --to build the future that is now within our 
retlch: J future orne\\' johs for fl ncw economy: a future that is stronger, healthier, ami more hQpdnl 
than any time in hllman history, As the President said on Tuesday, a child born ill 1998 nwy wdl 
live to see the 22ml century. 

And it is fitting to come here to Gencntech, one or the leading Biotechnology cOl1lpallkt~ (,d' 
ihe world ~~ll company with an astonishing 2,900 paten~s \'>'orldwide, a~d anotber j ,900 pending ¥ j(l.. 

tell Amenca whal you clearly know !o be tme: that in the 2151 Ce11tury, a growing share of lllIr 
prosperily wiil be built on research and discovery, 

01 course, 111:.1: is because the work you 00 here saves Eves, and improves lives ~~for th(1}:\~ 
who suiTer Irum strokes and heart conditions, for children wi:h groW!!! dd!cienci~, luJ' women whh 
breast ca:lccr, for young people \Vllh cystic fibrosis, Our adminislration's comn:l!:nen! to :!:at k:1Id 
of palb~bn.:aki,:g research is c:ea:'. 

. 
This l~lOrniJ~g at tile \\lhi:e HomC', I :mnollnced lhat we will propose the largest i:lerea~~'. ill 

history lor ca:)ccr research al Ihe Kmio:)aJ h:SlilOlCS ofHcahh --to unlock the dark secrets of disease, 
and to ht.:lp our gencratiun bcco:m: 11:1.: one thai finally wins the war 3gal11$1 CanceL 

But hen: at GC!1Ctikch. you have taught us ano;her lesson: in the 21st Century, reseafch <ilJd 
experimentation ~~it\i'lo\'3!ion ;I!ld ingcrmilY --is about our hvclihoods as weB ns our lives:, 

Today, the high~tcch industry is Jlre:;l(ly the biggest employer in the United States --:tnd il'$ 
growing. And high-teCh meatls high-wage --with Vay that IS 73% above the pnv;He sector u\'cmg(\ 

It's 11{)~ !')\'cry day that we can celebrate an industry lha: is about new jobs awl 
grmmdbI'Ci!king, II ft.>s;tving dis(:o\'ury <1t the same time. UH! President Clinton nnd 1believe thm WI). . 
!Hust UrO!llu!\< that kInd of industry .--'IS actively and as aggressivcly as Oll;- hu!a:lccd budget "llI;)w!>, 

Tod:;y, I am p;c~lscd to ~11;llol!ncc that in the budget we will stlbmi! to Congress next \\,l'(~h, 
'we 'Will prOpl)SC an c."·tension qf America's $2.2 billion Research and Ex"pcrimclltMiol1 tax credit 
In 'u world will.:rc imagination is en!y one small step ahe;td of realil>', a relentless foctts on the fU(llW 

~~and largetc':l invl;sum:nts in rcscarch and dcvclopmcr.! ~·arc the bcst ways lor Amcrica to StlCC~T(i, 
This R&E lax cut Im.:ans more high~wl\ge Jobs 1'0:- the 2l:;t Century. Here at GCllctltceh ,Itone, it will 
IlicHiI 150 new jnb..; rot' C:difo!oians.' . 

No,-:; !!IX elliS lllr n:search and e.>:perimcntal:on ,t!:: : US~ OtiC p:lrt of OU1" commitment As tll('. 
PrcsidClti ;;Illltounccd tWQ '''Igh;s ago, ,is ·p:.trt of our gdl to .the ('lew miJk'uniulll, \ve arc <lls(I 



proposing a new 21$\ Ccntu:y Research Fund for path~bn':;jj.;lng scicllliJic Inquiry ~~Iht' largr-:>l 
invcs{:m::ll i:1 cidi;\1\ r:::scard: ::1:(: t:;:\'clo;):n.:tH i:l A:n.:r:can history, As p:1I1 ofl! l)f1c·!hb! o\'::::LI 

in;;rcasc in p.:s\:arch limu;ng. :l;is new !l:nd ,,':I! illc!ude the larg::st-:.:\"..::' ilccn:a:;t:$ ill the bullg ...·!::; 0;­

the Natioli:!l SCIence FOlmd~!tJ<)!l and fhe Nalionnl institutes ofHeaith. 

Taken logI:111\;r, the 531 billion in the 21st CCl1lUry Rc;;carcll FHlld \>:ill hdp us to cun; dC:llliy 
diseases; to find nc\v sourccs of clean energy, a subject I will address when I visit Brill;.;!: 
Petrolcum's brand ncw solar plant in Fairfield tomorrow; to build the next gelleration or Ill" 
InlCrnct, moving 13)00 time:;: fasler than the curreni one; and to contlllw: to explore the heavens, 

In the ok! economy, growth depended largely 011 capital and !aboL But we have !eamcd ;hat 
the tnte engine:; of grmvlh today are ideas ··cllld :11:: t....chnologies and higher produe!Jvily !hos~ it!,,'J:; 
cre:lte, As lhc .;::conomist Paul Romer has showl:. as much ,is Iw;r of our nation's cco:lon,ic gH~\\ CI 

l:' the Jast few decades has been due to tcclmological innovation. And unlike investments in pbn(s 
or equipment. our invcstmc:lls in innovation do not face the problem of dintinishing retums. 

That is why the ;lliP;\cl oft(1(by's a:I:10tlIlCell;cnt goes klr beyond fbI: lligb-lC(h indu;;... :y, 
More research and dcve!opmcrH !HeMS higher productivI!y. rising w:lgcs. and lower eosls 
throughoul our CConO~)ly. 

Over the pasllwlr'cL'tllury, we h:\Vc Spl!llhc atom: spliced the gene; put men 011 the l11oon; 
invented the microchip, Ibc last'!', and the InlCmct -·and none oflhesc accomplishments would !lave' 
IJappcncd without i't:dl,.'l'al illvcstl11CIll. III filet. Gl:JldcGh's J,2UU Jobs Inighlilol hI.,; I)(.:n: ,1\ all ifulIl' 
federal government bad nol invested in the research thaI led \0 the discovery of Dr-:A. Thcsc 
achievemcnts havc c:-:palHkd our frolltit"rs of kllowkdgc. spawned cmin: industries, al1d (Tl':llcd 
millions ofjob:;, 

I dO:1'[ know what innovations wdl creatc Ihcjobs orlhe next hnlf.ccntury ··but with the 
investments I am ,1I;;]()u:lr:llg tad;:)'.! am (:O'.l'11i;l£ 01;;.]11 OZ'YO\2 10 find ('lH, 

It 11:15 b;cn !!lore 1han 200 years si:'lCC explorers firs! landed on the CO;l$\ of Califo:'I1I<l, 
Toc::!)" YOl: arc An:cric;l's w:.:w explorers --bu!:dil:g :1 beller !ife ior all 01,1:' pt.'opk. !'m proud ~hat 
we ;!n~ lIlVexting in r:E\~!ng yo'.;; job ":;1$;e:, ~~sc 11m y~)!1 C,l!; b;'ing n;on: job;; and more progress to 
Amcnc~!, to keep !l1l': S:all' ofm:r Union Strang. 

'-' " 

'. - , ,'.' 



Meeting with Professor Stephen Hawking 

\Vcst Wing O!1ic~ 

];.W p.m. ~ <1:00 lun . TOl!sd,1Y. January 26. !99S 

Ml'clin~ f'l<'IUt>;,;tCII by yuu. 

lkicfing pn'p:u'('it hy ,lint Kohlcnlu:rgcr nnd Dan '1',,),1(11". 


!;VENT 

YOH a:-e meeting with Professor Stephen Ilawking, onr.; of the grcalc$~ minds of Otl, tby. He has 
oneil been compared to Einstein or Newton. While you and the Prcsldem spcnd your dny 
working on the Jaws of the counl,y, .,3 a cosmologist, Hawking spends his days working on 
understanding the laws of the universe, Since you dicn't gel a ch,l.1lce to spend lim;;: with him last 
year when he delivered one of the Millennium lectures, we thought this would be a good 
informn! Oppor1ll:1ity to get to know him better, No.c: this event is dosed press. 

PROGRAM NOTES 

., 	 Professor Hawking is visiting Washington as pan of un American lecture tour 1hal 
will also take him to Chicago. The night before your meeting he wil! deliver a 
lccHlrc at the Kennedy Centcr on '''/11e Expandillg Universe and the jl()\l't:!' o/tlu..' 

liufluw Milld " 

As you fCcall. Profc.'lsor Hawking was last allhc While House on March 6, ] 99X. 
(lS the gucst lccturer for the second Millc:mit:m Evenn:g, I-Es s;)CeC~1 wns lltkd, 
"im(!Hinafion alld Changc: ,)'dCIICC in the Next Mif!<!!!tliw;-; '-' You asked 

Professor H[lwking a question via email (you were in Ncw Hampshire). Nore: 
you!' queslion and his answcr (Ire alfacheJ. Ii pic!U/:e o/Projessor Hawking and 
the President at this cvenJ leads offJ'rofi~ssor Hawking's Web page, 

His best-selling book about the evolution of the univerSe, A Brief lJisf01J' a/Time: 
From thc Big Bang (0 Black /iolcs, has been tnmslaH.'d into 33 languages and 1m;; 
sold 9 million copies:. Professor Ilm\-'king is the Lueasian Professor of 
Mathematics at Cambridge University, a position onc;c held.by Sir Isaac Newton. 
He is also.the head of tbe General Relativity and Gravity Group in the Department 
or Applied Malhcmatic~ and Thcon:ticnl Physics. 

• 	 Hawking's other books fncludc ine .Large .S'cale Structure· of~)'pace-rinti: (! 973); 
(;enera.1 Relaliyity." Atl Einstein ~'cnfenary Suri'ey (i 979); ')"upCf'spa<:c and 
·jupcrg~avify (1981)~ and lllack f~oles an<"l'iJohy Universes imd Olher £s.;"o)-'.\: 

(1993) 



!'rof(~S$ilf Ilawkillg is s..:hedukd to make a gucs: voi;;c (lpp';'l!1IJlCe Oil Ih;: 
animated TV sel'jc.~ Thi' ,\'itJJfJ.lrIllX in April. 

Hawking recently celebrated hI... 57th birthday (J~muary X). He is married 10 .lalle 

Wi!d~, a linfuisc and has :Iwee childn:n: [{obert. Lucy and T:mothy. 

,\TT.A,CIIMENTS 

Proks::;or Sll:phC:l H:1Wki!;g's hi" 
• Hawking'::' comments on his di~<1bilily 
• Hawking's Iv1i!lcnniulH series lectoic, "Sci(!l1ce in the Next Millel/lliulII U 

• Q&A \vith Professor Hmvki.ng, March 6, J998 

.. ;,,:' 



A Brief History of Mine 

Stephen \ViHiam Hawking was bnrn on b January 1042 {:100 yea:',,; anL:r the death of (i:di),;o) il; OxJ(ml, 
EngJan(L Hl'i p;\rellt~;' bl'lSl' WiI:; ill north L'JEdQ!1, h~lt during the s(.;coud wotld \,;ar O;..j{m! was 
c()ILsI{hcn.:d a s;t!~'r pLio: to 11;;\'0' bah~c", When he WilS eight, hi" rami!y moved (0 Sr Alhans. ,1 (own ,Ibm:: 
20 !~liks nllr!!: or LO:ldoll. 1\; ~kve!i Stepl~en weill '0:)1 AI'MIiS '-ldlDOL ,md lht.:t! on to Ulliversity 
College, Oxford, Ii:..; btl:crs old cll!kgc, Stephen wan:cd 10 do Malhcrn;:~lcs. ~l:!h)llgb h:s Cttller \\,(Hi!"l 
hdVC prc:crrcd n:cdIC!il¢. i\'1alhcn:atics W(lS no! av,llbh:c at Univl'fsilY College. so he did Physics 
inslcml Aft(;[ :hn:c r>..-a:s ;\lld 1;01 very much work h..: was ~p"vankd a llrs! class hOlh~Ul':' (kg:''''::'; in 
Natural SclC:llCl'. 

Stephen thcn went 011 1{; C<I01bridge to do research in Cmmology, there bdng Do-one \vorki!lg ~n th;\t 
arca in Oxfbrd at the time. I lis supervisor was Dcni~ Sciama, aith'Hlgh he had hoped :0 gel Fred Huyle 
who was working in C;]lubridgl.!. After gaining his Ph.D. he b0came first a Rcsc:arcl: Fellow, ami bter on 
a Professonal Fellow at Gonville and Cuius Co!1egc. After \caving the Institute of Astronomy in 1973 
StGphen came to the Deportment of Applied Mathematics- and Theoretical Physics, ane since 1979 has 
held the post of Lucasian Professor of Mathematics. The chair was fOL;ndcd in 1663 \.\'ith money kft In 
the will of the Reverend Henry Lucas, who had been the Member of Parliament for the University. It 
was first held by lS<1a.c Barrow, and then in 1663 by Isaac Newton. 

Stephen Hawking has worked o'n the basic laws which govern tile universe. With Roger Penrose he 
showed that Einstein's General Theory ofRclutivity implied space and time would have a beginning in 
the Big Bang and an end in black holes. These results indicated it was necessary to unify General 
RelJ.tivity with QU311111m l1K:ory, the other grcat Sciemlfic development of the first half of the 20lh 
Century. One consequence of such it unification that he discovered was :hat bl:!ck holes should not be 
C;.')mplctcly b:aek, but should emil radiation and eventually evaporate tl~1d disappear. Another ~onje.:turt: 
is that the u:livCfSC bas no edge or bou:1dHry in imaginary time Thi~ would imply that the way the 
universe began wa:: complc:dy de:erminct! :)y the laws of science. 

J-Es mat'ty publications i:lcludc The La;-gc Scale Structure of Spacctim(.' with G F R Ellis, Gcncrnl 
Rela:ivity: An Ginsh.::n CC1:!Cnary S:lrvcy. with W Israel, and 300 Y cars of Omvity, >.vith \\i Israel. 
Stephen H.awking 1m:> tv,!(J J>:"';pu[a~ books pcb!ishcd; his Des: seller A Brjt:f HisiQr), \:fTilll::, <lnd bis 1;;;,.;;­
buo;';:, mack Holc_s and Bahy Univcrsc~ and Other Essays, 

Professor I IawJdng bas t wcl\'c honorary (kg~'ccs, wus <lwardd the CBE in j %2, anc! was made " 
Companion of Honour in 1999. He is the recipient of many awards, meduls and prizc~ <i:H.1 is cI rcEow {)I' 
The Royal Society n:ld a !'",1embcr of the US National Academy of Sci.cl1ccs, 

Stephen Hawking continues to combine fitmily life (he has three chi:drcn and onc gmndchitd), and his 
research into tbeort:tical phy::;ics together with an extensive progranHl:c of t~avcl ,md public lectures. 

V20/99. 8;48 'PM 



Disability advice 

My Experience with A LS 

I aJli quite oftell asked: How do you (/:cl about hilVili).; ALS. Tilt,; ,1I1SWC1' i~, 110[:1 lot. I try 10 kdd ,i:1 

n(l]"lll;lI a lilc :IS pmisihk, and not think ahnUll11Y i;\llldilion, or n:grcl the things II plI.!\'cn\s Ill..; Jj'OIl; 
doir:g, which !if'; 1;(1: Ill:l: m:lI1Y, 

It was a great shock:o tne to discowr that I had motor 1lI:umnc disease. 1 had !leV!.:!' been \'<:ry w"::! 
cO~(If{lmatcd physically as a child. I was not good at baJl games, and my handwriting was llle deSI':!!r of 
illY teachers, Maybe: for this reason, I didn'l, care much lor sport Of physical activities. Bu! things seemed 
in challge Witt':ll I went (0 Oxford. 01 the age of 17. ! lOOK up coxing nnd ro\ving. I was not Boat Race 
st:iodnrd, but f gm hy at the le"el of inter-College competition. 

In my third year at Oxford, however, 1 noticed thai I seemed (0 be getting more clumsy, and 1 fell over 
l)!1CC or twice for no apparcntrcaso!l. But it was no( until I was al Cambridge, in the following year. thal 
my father noticed, and took me to the fmnily doctor. He referred me to a specialist, and shortly :1I1cr my 
21 sl birthday, I went into hospital for tests. I was in for two weeks, during which 1 had a wide variety of 
tests. TilleY took a muscle sample from my arm, ShlCk electrodes into me, and injected some radio 
opaque fluid into my spine, and watched it going up and rlow~ with x-rays, as they tilted the bed Arter 
all that, they didn'1 ~dl me what I had. except that it w~tS not multiple sclerosis, and that rwas an 
a-typical case, f gathered however, tbat they expected it to f;ontinue to get worsc, and that then:.: was 
nothing they could do, except give me vitamins. I could sec that they didn't expect them to have mueh 
effect. I didn't feel like asking for more details, because they were ohviously had. 

The fCalisation that I had an incurable disease. that was likely to kill me in a few YCUfS, was a hil of a 
shock. How could somdhing like that happet) to me. Why should j be cut ofClike this. Ho\vcver, while I 
had been in hospit3l, I had see;n a boy! vaguely knew die of !cukacmi;;, in the bed opposite me. It had 
not been a pmtt)' sight. Clearly there were people who were worse off than n1\.). At least my condition 

· didn't make me fecl·sick. Wht;IlCVcr I feel inclined tD be sorry for myself I remember that boy. 

No! knml,'ing' wh£lt ,,\,as going to happt.!o to me, or how r.apid!}' tbe disease ':"ould progress, I W05 at a 
loose end, The doctors told me to go back to Cambridge .md carry on with the -research I had just sil1:icd 
in general reiJltivity and cosmology, Bm I was not making much progress, because I didn't ha\'~ much 
mathematical background. And, ~inyway, I might not live long enough to fi!lish my PhD. I felt somewhat 
of a tragic characicr. I took to listening to Wagner, but reports in magazine articles that I drank heavily 
arc an exaggeratioa. The trouble, is once one article said it, other articles copied if, because it made a 
good story. Anything that has appeared in print $0 rnany times, must be tmc. 

My dreams at that time were ra(her disturbed. Before my condilion had been di':lgnoscd, I had b1.'.l::1 v:.:ry 
bored with life, There had not seemed to be anything worth doing. But shortly after I came out of 
hospiull, I dreamt that I was going to be executed. I suddcnly rcuJizcd that there wcre a lot of worlhwhilc 

· things I could do if I were reprieved. Another dream {hat 1 had several times. was tbat I would sacrifice 
my lire to save others. After ail, if 1 were going to die anyway, it might as well do some good, Bot I 
didn't die. In fact, although there was a cloud hanging over my foture, iJound to my surprise, that I was 
enjoying life in the present more than before. I ,began to jn~ke progress with I!lY researcb. and I got . 
engaged to a girl called Jane Wilde, who I had met just about the time my'condition was diagnosed, Thal, 
engagement 'changed my lifc:Jt gave me something to live for" Bu,! it also meant that 1 had to' get it job if 
we were 10 get married. I thercfore applied for a rcsc;;rchJellowship at Gonville and Galus (pronouncc~ 
Keys) College, Cambridge, To illY great surprise; I'got a fcflowship, and we'got n13ITiyd a rew months 
later. . 

'IllC rellowship,at Caius took can.: of my i01mcdiatc employmcn! problem. I was lucky to have chosen to 
work in theoretical physic!'), bcc;;luse that was one of lhe few areas in which my condition would (lot be 1\ 

· serioUs handicap_ 'And I was' fortunate that my scientific reputation increased, at the same'time that my . . .,.... " . .' ; . . 
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disability got \vursc. This meant that people were prepared to offer me a scquence nfposititlils in which I 
only had to do n.:seareh, without having to lecture. 

We wen.: also fortunate in hOllsing. When we wen: marricd, JallC was still an undergradu~lte at \Vcslfidd 
College in London, so she had to go up to London during the wcek. This meanlthat we had to find 
somewhere I could manage on my OWll, and which was centml, becallse I could 1101 \valk far. [asked the 
College irthey could help, but was told by the thcn Bursar: it is Collegt.: policy not to hdp Fellows wilh 
housing. Wt.: Ihen.::rort.: put our name down to renl one ora group ofne\\' flalS Ihal were being buill il1l11c 
marh.:t place. (l"e:us lalt.:r, I discovcrcd that thosc Jlats wcn: aetu;\lly owned by the CuI lege, hut they 
didn't tell me that.) However, when we returned to Cambridge from a visit to America after the marriage, 
we found that the finiS Wl.!re not ready. As a great conCl.!SSiOll, tIll.! Bursar said we could havc a loom in ;\ 
hostd for graduatc :itll(fl.!nts. He said "We normally chargl.! 12 shillings and 6 pencl.! a night for this I\)OIll. 

Howcver, as there will be two of you in the room, we will charge 25 shillings." We stayed tlwre only 
three nights. Then VIC found a small house about 100 yards frnllllllY university dcpartmcn!. II hl.!longl.!d 
to another College, who had let it to one of its fellows. However he had Illovcd out to a house hc had 
bought in the suburbs. He sub· let the house to us for the remaining three months left on his leasc. During 
those three months, we found that another house in the same road was standing empty. 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 to 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 mortgag(~. 
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 to do it up. We lived there for another four 
years, but it became too difficult for me to 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. It was sufficiently 
central that I could g,et 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 gardcll, ,which was looked after by the 
College gardeners. 

Up to 1974, I was able to feed myself, and get in imd out of bl.!d. Jane managed to help me, and bring up 
the children, without outside help. However, things were getting more difficult, so we took to Iwving 
one of my research studl.!nts living with us. In rcturn for free accommodation, and a lot or Illy attention. 
they helped me gel up and go to bed. In 1980, we changed to a system of community and private nurses, 
who came in for an hour or two in the morning and evening. This lasted until I caught pnc\lIll()l1i~l'in 
1995. I had to have a tracheostomy operation. After this, I had to have 24 hour nursing carl.!. This was 
made possible by grants from several foundations. 

Before the operation, my speech had been getting more slurred, so that only a few people who kncw me 
well, could understand me. But at least I could communicate. I wrote scientific papers by dictating to a 
secretary, and I gave seminars through an interpreter, who repeated my words more elearly. However, 
the tracheostomy operation removed my ability to speak altogether. For a time, the only way I 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 papcr. However, a computer expcrt in California, ca!!ed Walt Woltosz, heard of my plight. 
I·Ie sent me a computer program he had written, called I~ This allowed me to select words from 
a series of menus on the screen, by pressing a.switch in my han(\. The program could also be controlled 
hy a switch, operated by head or eye 1110vt.:!l1ent. When I have huill up what 1 want to say, 1 can send it In 
a speeclfsynthesizer. At first,· I just ran the Equalizer program on a desk lOp computer. 1·lowevl.!r David 

. Mason, 'of Cambridge Adaptive Communication, fined a small portable computer and a speech . 
synthesizer to my wheel chai"r. This system allowed me to communicate much bener th"n 1 could berort:.· 
I can manage up to lj words a minute. rcan either speak what 1 have written, or save it on disk. I can 

. then print it 'o\lt,""or call it ·back,· and speak it sentence by sentcnce. Using ·this· system, I have written 11 

book, and dozens of ~icientific papers. I have' !lIsa given many scientific and popular talks. They. have all 
.been well received. I think that is in a large part· due to the quality of the spcccll"synthcsi.zer, which is 
made by Speech Plus. One's voice is very important. If you havc a slurred voice, pcople arc likcly tu 
treat you as mentally dcficient:.Does he take sugar? This synthesizer is by far the best I have heard, 
because it varies the.intonatjon, and doesn't speak like a Dalek.The only troublc·i~ that)t.givcs·me al1' 

American aec·ent. However, the compally.is wo"rking on a British version. , , 
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J have had mowI w.!unmc di:-;casc fllr practically all my mhdt lil\.c, Yt:l II has no! prcV\:ntcd mc from 
having a vcry attrnctive family, and being: ~uc(cssful in my work, This is th::mk$ 10 the help 1 !mvc 
rccl.!ived from J;;n,;, tIly children. ami ,1 large Humber of olher pcop~c and o:ganiSil!IOIl:i. { havc hCL"n 
lucky, ihhl tily cOlldilio:lIl<\~ [l!Ogn:sscd !Hun.: slo\\'ly lhan l:i often Ibt: CHs<"", But II shows Ihat one nc:.:d 
not lose hope. 

You can request informalion on ALS and Motor Neuron Dise,ast: frum The r\'101or Ncmone Disl·asl,,; 
f\ss()cial iDC, 

Thelt~ is nlso a hdplinc on H345 ()26262, (tvlom1<!)' to Frida}' 9.00 - 22.30, Calls charged al1o~al r~l:C 
within ihe UK) 

The Intcrnalioual ;\llinncc of ALSlMND AS$oc:alions may ,11:;0 be :.I$;:rul in providing ini():'llwtiou 
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ITcXl Version I 

Science ill ihc ~c-xi :\'lillcllniullI 

HCIll .. rl\~ h)' Stephen Hawldn~ 


t\'ly 11~nnc tOllight is science lJl '(he !lew millennium. Th..: popular picture of 
~CiC:1CC llllh~ i'1!lmC is ShOWL O!: :..:~cv:sio!\ cvt.:!'y night in ~cjt.:tJcc Ik(inn scrjc:> 
lib.: S;:;r Trek, They c\'cn pcr!'lwdcd Ill'.: to 1~lke p~lfi. nol Ihalll W;I." dil"ficld;. 

ICllp from Sillr Tn::k shown] 

Lh;\'c'!(J~:C ()i'the rt.:d ale: [l!":YCr collc-cied lEy winm:lgs, I :\ppn:adl\.:d ParamnUI11 
studios. but they didn't know the exchange raie. 

The St:lr Trek appearance was gre:lt fUll, but [ show it to make n S¢rlO\lS point 
Nl:.'!r1y alltbe vl$iol1s oflhe future that we have been shown frol11 He; Wells 
onw.mls have been essentially stalk They show a society that is in most cases 
far in advance of ours. in selence, in tc.:bno!ogy, and in political organization. 
(Ille last might not be difficult). There must have been great changes with their 
accompanying tensions and up:::,cts in the period belween now and then. BUI by 
the lime we arc shown the future science, technology. and the organization of 
socicty,·are supposed to have achieved a level of near pcrfectioR 

I want to question this picture: and ask ifw(; wi!! ever ftltleh a final steady state 
ofscience and technology, At no time in the len thousand years or so since the 
last Ice Age has the human race been in a state of constunt knowledge and fixed 
technology. There have been a few set backs like the Dark Ages aftcr the f:'1J1 of 
the RODlan Empire. BUI the workfls populatiol: vihich is a mC::lStlfC of our 
technological ability to preserve life and feed mlfselves has riscn stc.adily. w;tb 
a few hiccups like'the ilIack Dealh. In the last (wo hundred years the growth 
hm; become exponential, that is, the population grows by lhe same perccnt'lgl; 
each year. Currently the rate IS about 1.9% n yctlr. I.':) % may not sound very 
much but it means that the world popuJatior: doubles every 40 yca:-s. O~her 
measurcs of tcchnologicnl development iii recent times Hrt: dectricity 
consumption. or {he nt.unbcr of scientific articles. They a!so show cxponenlinl 
growth \'I'lth a doubling time of 40 years or less. Indced, WI,: now have such 
heightened expectations that some people feci cheated by poliilciuns and 
scicnti!:ls because we have not already achieved the Utopian visions of the 
future. Por example, the HIm Two 1110tlSand and One' showed us with a base 
on the Moon and launching a munned, or should f SHY pcrson!lcd, Ilight 10 
Jupiter. I cun't see us managing that in the neXt three years, whoever wins the 
clt.;etion. 

There is no sign that scientific and tcchnological devc!opment wil[ slow down 
aad stop ill the neal' future. Ccrtainly not by the timc of' Star Trek which is Ol1:Y 
about JOO years away. But the prcsent exponential growth cali not continue for 
the Hexi: millennium, By the year 2600 tbe world's population would be 
standing shoulder to shoulder and the dcclricity consumption ~,'ould .make the 

Enrth glow red hot If you stacked the new books beJng published next to each 


. other you would have to move at 90,milcs nn hour just to keep up with the end 

of the line, 'Ofcour~ by 2690, 1!ew arti~tic.and scientific work will come in 
electronic forms rather rh"an as physicaLboQks and pl,lpcrs. Nevertheless, if thc 
exponential growth continued, there ,Would be len ,papers a sec.or.d in my kind' 
o[.theo~ctical physics"aild no time to read them. 

Clearly the present exponential grov.1h can not continue indefinitely. So what 
wilH}appen? One possibility is thafwe wipe ourselves out completely by some' 
d!sastcr s~ch as a nuclear war. Tbc,ftljs a sick joke that lhc·reason we haVe not 
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b\;Cll ,:ont;ict<.:d by extra-tcrres!rials is tha! wiler, a clvili;tntion rcaell<!s oll!' stage 
or dc\dopmcJ!! it becomes ullswbk and d\;s!ro)'~ itself or course it is p\lss:bh: 
that UFO's fl.:ally do comain alieJiS, ;l$ many people believe, llnd th..: 
government is hushing 11 up. I co\Jldn'j possibly CO:llment~ 

l\~r;:():wlly I bdievc there's a diffcr<!nl exp:analitlll why we have nOI beel! 
I.'onl;u.:h:d. btl: I \lio:I'1 go into il 11(.'1'e. Huw<!\'er even without that then' is a vcry 
w;i! d,mgl~r that we wi:! kill cvcl)'!hiEs on this plane! now lhat wc have the 
h:clm.. 1Iogieal powcr h1 do Sil, Eve:) if we dUll':' <k'.slroy ourst.:IVl~s cOlllpki\,;ly 
then: is the possibility th,tt we might descend into H slllte of brutal is III nnd 
barbanty lIke the opening scene of TcnmnntoL 

But J'm an optimise I think we have a good chance l)f avoiding both 
Armageddon and a new Dark Age$, 

So how will Vie develop in science and tcchnoiogy over the next :lliilc:mium'( 
This j.'i vcry dinicult 10 answer. But let me stick my neck out and offer my 
predictions for the future. I wi[1 have some chance of being right about the nc):( 
hundred years, but the rest of the millennium will be wild speculatIon. 

Our modem understandmg of science began about the same tIme as Ihe 
European settlement of Nocth America. In 1687 Isaac Newton, the second 
Lucusian pi'ofessor at Cambridge, 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 19th century it seemed that we 
were about to achieve.a complete understanding of the universe in terms of 
what nrc nov.' known as clussicallaws. These correspond to what might seem 
the common Bcr.se notion that physical quantities such as position, speed, and 
ratc of rotation, should.be both well defined and continuously variable. But 
common sense is just another Hrlfnc for the prejudices that we have bee:l 
brought up ,,,"ith. Commoll sense might lead llS to expect quantities like energy 
io be ,:ontinuous. But from the beginning of the 20th century obServations 
bcgan to show that energy C;llnC in discrc:c packets called quanta. It seems tim! 
Nature is grainy not smo(l[h. 

A new kiml of theory called quantum mechanics was formulated in tbe eady 
yenrs of the 20!h century. Quantum theory is a c('lJnpleteiy different piC(\lfC or 
reaJiiy so it should concern us all but 11 is hardly known outside physics and 
chemis.try and not·eveli properly understood by nm:ly in tbose fields. Yet if, as I 
hope basic science becomes part of general awareness what cow appear as th!; 
paradoxes of quantum theory wiil st.'em as just common sense to our children'g' 
chiloti;n, 

In quantum theory things don't have a single unique history as our prchcnl day 
common sense would suggest. Instead they have every [)Ossible history each 
with its own probability. There must have been 3 history in which the ChicllgO 
Cuos won the World Series, though maybe the probability was low. However 
for large scale systems like base hall games the probability is normally peaked 
around a single history so there isyery little uncertainty. But when one gocs to 
the SrlHllt lengths scales o( ~ndividual particles the uncertainty can become vcry 
large, For examplc, ifone knows thin a.particle is at a point A at a certuj!: timc 

. then or a later time it can be anywhere because it can havc any path or hislOry
To calculate the probability that it is at a poi~lt B. one has. to add up Ibe. . 
probabilities for all the paths or histories that take Lt from A 10 B. Tbis idea of a 
sum over all possible histories is due to the American physicist and one time 
bongo drum player Richard Fcynman . 

. TIle p')ssibl.c partic:le i:istorics havG ~o include paths·that.lravel f~stcr (1.1ft.!1 Jig]{; 
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and even palhs that go hack III time. Before anyone rushes oul to p~,:elll a tilll~ 
machil:e kt me say Ihat:n normal circumstances at leu::>\, (jill.': can no! liSt: this 
for time traveL However paths llta! gu had in time arc not jus; like angels 
d:mcillg nn n pll1. TI:ey I,avc rca: nh::'cfvlltionai c;mscqucncCK Even wlml WI.: 
think of as empty space IS full or particles moving in closed toops in spa;;.; and 
time, Tha, i;; lhey move forward in (inH.: on one side of the loop and b~l;.;kwa:'ds 
in tim!: 01: tile ot:lcr side. These closed loops arc said ttl be virtual particlcs 
hCl.=ml!;\: they can noi be fm:asun.:d directly with II particle detector. Howcvt:r 
their dTe...:-ts can be measured :n~lirccl:y, One way is III bav:: (l pair PI' Ill\!tnl 
plu,es close tog£',lher. The effect of the plates i5 to reduce slightly the number or 
clOSed loops in the region hetween the plates rdative to the nembcf outside, 
';'herc Me t1:us more closed loop;;: hilling the outsIde edges of the plates alt(: 
bouncing uffthan there. are hilling the inside edges, One would therefore expect, 
there W be n small force pushing the plates togciheL nus fixee, which was fnsl 
predicted by the Turkish physicist Hendrick CaSimir. bas been obl>ervcd 
experimentally. So we can be confident that closet! pmtlcle loops really exist 

The awkward thing is that hecause there's an infinite number of points in spact.:: 
and time there arc an infinite number of possible closed loops -of particles. This 
Infinite number ofloops didn't matter in the calculation of the force between 
two plates because the numbers: betwcelllhc plates and outside them arc botb 
infinite, There is a well defined way in which one can subtract one infinity from 
the other and get a finite answer. h is a bit like the American hudget Both the 
government tax revcnue, and its expenditufC, are very large sums, almost 
infinite'. Yet if one is careful one can subtract OIlC from ano:hcr and get a small 
surptu!>, at least until the next election. 

Where the infinite number .of closed IODps caused trouble was whcn peopk~ 
tried to combine quantum theory with Einstein's General Theory of Relativity, 
This is the olher great scientific rcvolu:ioll of the firs! half of tbe 20th century. 
It says that space mid time nre not flat like common sense O:lee told us tlwt the 
Earth was flat. Ins.tead, they arc warped and distorted by the matter and •.mergy 
tn thell!. An infinite numbe:- of closed loops of partkles would have an lnlinil!.! 
<llllounl of energy and would curl spacc and dme up tu a single point. 

To deal witll this infinite cnergy rcqllir~s some really ere-1tivc accountllg. The 
key c01lcept was a ncwkind of hahlIlCC or symmetry ill nal\lfc caBed super 
symmetry, which WllS first proposed by two RU~$ians, Golfand and Likhlma:1, 
in 1971. The idea was that as well as the Ordlll<lry dimensions of space and time 
with which wc arc familiar, there were extra dimensions that were measllI'cd in 
what til..; caHed Grassmann numbers:. OfCO\lfSC, sCience fiction has been telling 
us for years. that there arc extra dimensions. But even science ficlion did not 
think or anything.as odd as Grassmann dimensions. Here the word "odd" has [l 
technical usc as welt as the usual meaning of peculiar, Ordmary numhers arc 
said (0 be even because it doesn't matter in what ordcr one multiplies them. 6 
times 4 is the same as 4 times 6. But Grassmann numbers a~..:. odd in tht:: s;:nsc 
that x times)" is minus y times x. 

The existencc ofthcsc extra o~d dimensions implies thut-every spc9iqs of, . 
J)<'1rtide must have a super partner species. The 5upeq)artncr species will also 
have cl,)scdJoops of particles. But "the energy of the supcr'parl.llcr loops wi!l 
have the opposit~ sign to those'ofi1w original species. Thus the infinite ~ 
energies tend to cancel out. But as the President knows, balancing the budget is 
a very ddicate business. Even if one removes the main deficit smaller deficits· 
havt! a nasty habit of appearing, Much of the work in theoretical physics in the 
last t\venty years has been looking for a theory in which the infinities cancel 

,comph.:ldy_ Only thl!ll will we be able to unify Quantum Theory with EinsleiJ:'" 
General Rel.<ltivity and achieve a complete theory of the basic laws of lhe. .' ..... . . 
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Whai ill\:; {iiI.: prospects lh,l! We will discon;r [Iiis complete theory iUl.h(.;. HCXl 
mill<':l1niultl, ! would :->ay they wen! vcr;' gl10d but t1:c.n I'm 3:1 op!ln:isl. In 19~m 
J sail: I thoughl lh~rc was a 50·50 chance Ihal we would di,sc(lvcr;1 COI!lrio:t<.! 

uniJied themy in the next lwenly years. We bve made s(J!l~e n.:mmkable 
pnlgr~ss in the period since then but the final theory s!.:ems abmn the s:llm; 
dis!;\lli:C away, Will the Holy (lrai I of physics he always jWil heyond our r~:H.:Il') 
I :h:llk liot I\~ the begi:lllin£ orlhe 20th eCIllU!")-' we u!Hkrs;ood the w();-~ings of 
Il:llure on the scales of classical pbysics wbich is good down 10 nbOlJt tl 
IHtodrcdih of a milliIllCk:', The work on atomic physic.s !n the firs: Ihirl)' years 
or the ::elllury look our undcrstandi:tg down to lengths of t.t millionth of a 
millllnctcr. Since then, research on nuclear and high energy physics has taken 
os to !1;ngth scales lhnt are smaller by a further factor ofa billion. It might seem 
Ihn! we could go 0:1 i(}rcYer discovering slnJcmrcs OJl smaller and smaller 
length scnles. However there is a limit to this series as there is {O th.: series of 
Russian dolts within Russian dolls. Even:ually one gets down to n sJllilliest dol!, 
which can't be taken apart ony morc, In physics the smallest doll is called the 
Flanck length and is a millimeter divided by a hundred thousand billion billion 
billion, We arc not about to build particle accelerators that can probe to 
distanccs that smaiL They would h:lvc to be larger than the solar systcm and 
they -3!'C not likely to be approved in the present financial climate. However, 
there are consequences of ~ur theories that can be tested by much morc modc.<;t 
machir:.cs. By far the most important of (hcse is super symmetry which is 
fundamental to most attempts to unify Einstein's Gencral Relativity with 
Quantum Theory, ll,is wouid be confirmed by the discovery of supcr partners 
to the particles thal we already know. 'nit Supcrconductiog Super Collider (lll{: 
SSe) was being built in Texas. and wct:ld have reached the energies at which 
super p3rtncrs were expected. However, the United States went through a fit or 
fceling poor and canceled the project half way. At the risk of causing 
embarrassmcnt, I have to say Ilhink this was a vcry $hort sighted decisiun. 
hope that the US, and other governmcnts will do better in the next millcnnium. 

[ expect super symmelry wi:! be confirmed eventually hy experiments at CERN 
in Gcw:va. But it won't be possible to probe down 10 the Planck length in the 
labora«)I)'. We can study the Big Bang to get observational evidence at higher 
energics and shorter lcngth scales than we can achieve on Earth. HowcYc!', to a 
large extent we shall have to rely on malhematical bcuuty nnd consistency to 
find th(: ultimate Theory oCEvcrything, Nevertheless I am confident we wil! 
discovc-r It by the end of the 21st century and probably much sooner. I would 
take a bet at 50-50 odds that it will be within twenty years slarting now. 

111c Star Trek vis.ion of the future that we achieve an ndvanccd but essentially 
static lc.ve! mny come trtlc ill respect of our knowledge of the ~asic laws that 
govern the universc. But I don't think we will ever reach a steady state in the 
uses"w(: make of these laws, The ultimate theory will place 110 limit on the 
WI!lplcxity o;:-;yslems that we: ean produce a:)d it is in tl:Js complexity tbat ! 
think the most II"!1portant devclopmc.llts of the next millcnniun~ will be. 

e; far·th·~ 'most wmplcx sy'stct"ns that ~e have <t1Y our own bo,dies:"Lifc ·seems ',' 
to have originated In the primordial oceans thai 'covered the EHrth Cour billion 
years ago,' How this happcned we aou't know. 11 may be that raf1:dom,collislons 
bct>,.vC(;n atoms. built up macrorllloiccuics that could reproduce themselves an~t 
asscmb,c themselves into morc complicated structures. What 'We do koQ\.\-' is 
that by three and a half billion years ago the highly complicnlcd molecule DNA 
had emerged. DNA is the basis for all life on Earth. It has a double helix 
structure, ".ike a spiral·staircase, which was discovered by Francis Crick and '. 
Jathes Watso'n in the Cavendish lab at Cambridge in 1953, The two strands of. ., ,,- ,.. . - . 
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the dIHlblc helix arc linked by pairs ol'ntlcleic adds like the trcad~ ill a spiral 
stain.:asc. Thc!\! arc four kinus ufnuc:cic acids. I won't t~y to pronounce their 
n:UlJ(':s b...:causc my speech syr::hcsizcr !llakcs;J mess of them. Obviously it was 
nol (ksignt..:d /<l!' :no!ccu!a~ bioi(>gisl!', Hla f can relcr to lhl.:!!l by their in!linls, 
C. G, A, and T. The onkr in \vhieb !ht: different nucleic acids occur along the 
spiral staircase carries the gClleiic il!fol'ln<iilOn that enables thc DNA molecule 
to assemble Hfi organism amt'md 11 and reproduce itself :\s the DNA :n:lde 
copies of itsdrtl:crc w,H:ld have bee!] nccaslOnal (;1 wrs III Ihc order or1b.: 
J~\!(.;':<::c Hcid;; along the spiral In most C:;5e$ lhe mi::>lakcs in copying \\v,ilc.: 
have made the DNA unable to rel}mduce itself. Such gl!nctic crmrs, or 
mutations as they arc called, would die out. UHf in a fe\\.' elise:) Ihe error or 
llHllation would increase the chances otl:1C DNA ,>mvtving and reproducing. 
This uatural selection of Il:utalions \"/,:\S first proposed by another Cmnbridgc 
mnll, Charles Dmwin, in 1857, thougb he didn't know the mechanism for it. 
Thus the information content in the sequence of nucleic aeids would grnduaHy 
cvulv',,: a:ld increase in complexity, 

Because biological evolution is basic<i![Y a mndom walk in the sp~!ee of illl 
genetic possibilities it has been very slow. The complexity, or number of bits of 
information that arc coded in DNA is given roughly by the: number of nucleic 
acidfl in the molecule. Each bit of information can be thought or as the amiwer 
to a Yt!S no question. For the first two billion years or SO the nHe of increase in' 
complexily musl have been of the order of one bit or information every hundred 
years. The rate of increase of DNA complC.xilY gradually rose to about one bit a 
year over the last fe\\' mi[lion years, But now we are at U}e beginmng or a new 
crt! in which we will be ahle to increase the complexity ofour DNA without 
having to wait for the slow process of biological evolution, -Illere has been no 
significant change in human DNA ill the last tcn thousand years. But it is likely 
that we will be able to completely redesign it in the next thousand. Ofcourse 
IYln:1Y people will say [hat genetic engineering on humans sbould be b:Jnncd. 
13·\11 I flnhcr doubt if thcy win bc 3.bie to prevent it. Gcnetlc cngiu(;criag on 
plums and animals: wiil be allowed for economic n;:nsons and someone is oound 
to try it on humans. Unless we have a totalitarian wo:1d order, someone will 
design improved humans somewhere, 

Clearly developing in:jJnw!.!J b"Jlllan.... wii! create gn:at social and political 
pmblcms with respect to unimproved humans. I'm not advocating human 
genetic engineering as a good thing, I'm just saying that it is likely to happen in 
the next millennium, whether we want it or noL This is why 1 don't believe 
science fiction like Star Trek where people arc eS$c:ltially the saC1C four 
hundred years in the future. 1 think the humru~ race, and its DNA. will increase 
its complexity quite rapidly. 

Jn :1 WI,1Y the human race needs to improvc its mCnlal and phY;iical qm;litics jf it 
is (0 (kul with the incrcas:ngly C(lmplcx "",'mld arom:d it and meet n..:w 
chatlengcs like space tr"vd. And it also needs to increase its complexity if 
biological systems urc to keep ahead ofelectronic O!1{,'S. At the moment 
computers have an advantage of speed, but they show no sign of intelligence. 
This, is not surprising because our present computcr~ are less complex HUUl the 
br,ain of an carthwonn, a species ,not noted for their inteHectnul'powers. But 
computers obey Moore's Law put forward by Gordon Moore of Intel. This' says 
that thdr speed and complexity double. every· 18 mou,ths', It is (.Inc of these 
expon!~ntial growths which dearly can Hf!l continue indefinitely, How<;vcl' it 
will p~obably continue until computers have a similar complexity to tbe human 
brain. Some people say that computers can riever show true intelligence 
whatever that may be. 13Ul it seems to me that if vcry complicated chemical 
molecules can operate in humans to make them intdligenuhcn cquaUy 
complicated electronic CirCll;ts can also make computers act, in an imcJligcnt 
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way. And if they arc inklligcnl they can pn.:~umabJy desigl1 computers tim: 
have CVt,::l gL:akr t:dlHpksilY omj il::dlJgcJlCt> 

This is why! don'! helieve the sCIence fiction picture of ,ei allv.meed hut 
t'ou;;:allt ibm...:. !n,)1(::<ld, I cXp-.:,:ll.:llJ;lpk:-:ity to incn:lIs:: ai a l:1pid ralc, hoth in 
the biological and dcetmoic sphcn.:s Nm much oflhis wil! happcll in the liC.xl 

hundred yean;, which:s nil we can reliably predict. But by Ihe end of the r'!c~( 
mill":'lnliu!1l. :rw<: gc: then:, tile chan!],e will be flliltlamellud. 

Lincoln Steffens once said, "I have seCl1 !.he fUfure and it works." He- was 
actually lalk:ng nbuut the Sovi;;1 Uniol:, which we now kn:lw didn'l work H;ry 
well. Ncvertheless, I :hink the prcs1..':at world order has H (utaro.:.. blJl it will he 
vcry dlfferent. 

Mr Prcsidcm, First Lady, This IS l:ll' view ur science 'in th;; llext lllillenni\llll. 

Hack to the Millennium Council 

~------."-.., 

To commcfl( on ,his service, 

,\·(!IIdflJedhack (0 1Iw Web OeveloJlmcm Team 
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MILLENNIUM EVENINf; 

QUESTION AI"\J) ANSWEH SESSIOr-.; 

i\'IAHC116,199S 

I'v1RS. CLl~TOI" 011, this qut;::tioJl \S from AI in Nl,.;w H;\lllp~!:in.:. (Laub!tICt alld 'lppl<iIlSC.) 
That I:;, for UHf Britlsll guests, Ai (inrL'. who is lIe\'l,.;j" wiihoUl. hi:; computer and. thewfnn.:, can !ng 
on :lIIywhere, and was very Ml"IT)' that p:-cvious oblig:nions kept him [wm bt:illg hl!l"l!. So hl!l\: !S 

the Viet; President's qUC;:;tjPll: 

Withill [h~ past month, we have ~eeri evid(.!;lc:'! suggcsting::t ;;:rong, repu!sive Coree inlh:.! 

universe -- an anti~gravitational force causing the univ~rsc to expand, surprisi:lgly, at'l!) 
accelerating rate, How surprised were you by IIns I1l1ding? What arc its most important 
impIlcations? And how could your national cosmology supereomputcr bell' to prove or disprove 
these implicrltions? 

DR. HAWKING: What the Vice President is refcrring to is some ohs..::rvational evidence that 
suggests that there may b0 an anti~gmvilatiom:d force that would calise the universe to cxpand at 
an incrc<lsirl:g rate. TIle existence of such an anti-gravitational force is vet)' controversial. 
Emstein first suggeste<l it might exiS!, but later regretted it and smd it wus his gfeme,! mistake. If 
it is there at all. it must be very small. it IS difficult 10 understand \'.'hy it should be so small. 
Ul~!CSS it were I;xnctly zero. 

We probably won't know if there's a sma:! anti-gravitational force ullIil ooscrva!iom;,co:lle in 
from new satellites that the V.S. and Europe will put up in til.;: fi;-s: years nfthc mlllcJfniUl~l. Btl! 
the data onalysis of this satellite ohservotlotlS will require a supercomputer like the nationa! 
cosmology compUter we have in Cambridgc, IfiHufIlS out tbat there rcally is an 
anti-gravitational force, ii will mean that iaflation is ,! law ofnatu;c. (Laughter and applm:sL:.) 

THE PRESIDENT: DL Hawking, m)' po:;;itinn is we have repca)cd tbat law, (Laughtcr.) 

Let me say, first of all, in defense of my Vice President, you wi!l all understand that he would 
love to be here, but there is a peculiar gravitational force in New Hmnpshirc that manifests itself 
with a remarkable regularity. (Laughter.) Let me also say tbat in the visual p:-csenlation 
;lccurnp!l!1ying Dr. Hawking'>.; lecture, there was l1tn1 remarkable project ShU:lpcd "canc(..!k:d '.011 

it T\)i:> administra:ion oppo~t,,:d the canccllation uf Il, !'m proud [0 say. (Laughter.) nut WI.! hope 
lhat tht,,: Swiss project will lake up tht,,: slack. 
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Rem;d,;.s hy Vi;;c Presi(:cllt A! Gon: 

"Creating New Jobs ihnh;: 21s1 CClll.Ury: ;I'.\,c.st:ng m Rcsc ... rcb ~1!1d Technology" 


Announcemenl ofR&E Tax Credit ::X1c:1510n, G:l:c!1Iceil 

Thursday, January 2'), 1995 


Two :ligll1s :lbO, :11 his SI:lh: uf llle Union address. Presid<J1lt CliIHon sdmJ\lo:1'.~d [1!: 
Americans io strengthen our nation for the 21st Century --Lo build the future that is now within Oil:' 

n:ach: a future of new j0bs ror a !lew :..'COJl(JIl~y; a futl:rc 111:..( is strollger, heal:hier, and more hopefu: 
than <lily lime in human hislory. As the President said 011 Tuesday, a chiltl bom!ll i99S Illay \\'ell 
live to sec the 22m\ century 

And it is fitting to come here to GCllcntcch. one of the: lending Uio!cchno:ogy companies of 
the world --(l company with.itl astonishing 2,900 patcnts worldwide, and another ~,900 pending -~lo 
lei! America what you clearly know to be Ime: that in the 21 st Century. a growing share- of our 
p:ospcrily wi;l be !n:tli on n::scarch ;:;ld discovery, 

Of course, that is because the work you do here saves lives, and improves livcs ··fol' tl:osc 
who sufTer from strokes and ltcat1 conditions. fo~ cilild:cn with growth deficiencies, for women with 
hreast cancer, for young people with cystic fib~os;s. Our adnjnis:ratioll 's commitment to that kind 
of path-breaking research is deaL 

T!l!S lLorn:llg ,\; the WilltC HOllse. I announced that we will 'propose Ill:: !arge.::: incrcas<.: il; 

history for cancer rese;lr'C:) a111\(' i':3!lon3! Ins!iltliCS of Health ..to unlock the darK SCC('I.;ts of disC3SC, 
,\!1d \(l hdp ,)llr g\!!1c;',Hioll 1;,,'-:;'1:)..; the on:.: ;11;\\ fin;l!ly willS 1h~ war ng,lit!$l C;H)C(:L 

B\l! h~n: at Gcncntcch, you havc lauglil ~I$ ;molLer ksson: in til.: 21 s: Century, research :lJ:d 
expcril11cnto.tion ~~illl1o\'ation and ingenuity --is about our livelihoods <IS \vell as our lives. 

"!":xby, the high-tech induslry is already til(.' biggcs: employe:' II; the Umted Stales ~-and it's 
grQwing, '\:ld higiHech means hig!Hvage --with pay that is 73% above the pdvatc sector average. 

It's not every day !h~!! we can celebrate nil industry that is about llC\V jobs and 
gwundhrcakicg, hfc~$,~vi:lg (~iSCt,\ :.::y :\1 t1JC Same time, But President Clinton ~md J believe lila: we 
nHlSi ll!1l!11QH: thut Kind ofindustry --;15 a-cti\'cly an-d as aggressively as our balanced budge! allow$, 

, TIJday, I am pl'i..:tlscd to :t:{1l0tlf\CC ih:tt m Ill:: b,udgcu~ve will submit to Congress I~cxt w,cd" 
we witl 'proposc 'an 'cxtcnsio'll of America's $2.2 'billIon Research and Expcrimcn~aliOJi (ax credit. 

, , .', 

lJ~ a world where ir.:'iagit\3iioll is only one small 51":11 <Ihead of reality, ;; rc!enll\,!ss rocus or.: the futun.; 
-~,md targcicd irwcsiIHCl1'ts in research and dc\'elopmenl' ,,-'lire the DCS: ways for' Amciic.'l !O sHcceed, 

Thi;> R&E lax em mt.:':ulS nlOrc high-wage job::; for {he 2 J$! CCllH~ry, 'Here.11 GCllctncch ~llollc, ;t wil:, 
mcan 150 new jobs for Cjhfonuans, 

New, tax cuts for research and cxpcrimentution arc just onc pari of our commitment As Ihe 
I'lcsidcnl antl'ounccd two nights- :lgO, ,i$' part of our gi:l 10" lhe t1~v., mllknnilllH, We :lfC also 



proposing a new 21st Century Rl'st'arch Fund lur pa!h·bn:aking scientific \!1t]ulry --Ilk' brgcSl 
il1vcstownt in cl\'ill:1ll n.:scarch :Illd development in /l..l11cricnn history. ;\" r:trl ()(~I (~l1e·!hird over:I]) 

inen:..'as..: ia xSI.;:lrch funding, Ihis new funo will tududIJ th~ largesl-ever im.:n.:ases ill tile budgets of 
the Naito:):!! Science Foundation and [he Nwionai i;]still!tcs oj" Hc'IItI:. 

Taken logcth<!r, the SJ I billion Ul the 21 51 Century Research Fund will help IJS 10 -CUTC deadly 
(!Jseas~s; to find new sources of dean t.!1H:rgy, a suhy:ct i will address wh\,'rl i visil British 
PClIoicHm's brand new solar plrml in Fairfield IOmorrow; to bmld the flt.!xt g.cneralion of the 
:lltt:r:lct, moving LOOO ii'ne:; laslcr Ibn 1112 CUIT;';I:t Olle; tlml to nmtlllut! to t:xplor:: the heavt!lls. 

Inlhe old economy. growl:l .icpcmkd larg;;~y on c~lpila! ;lI1d laboL Btl: we bvc le:lI'l!cd :hat 
[be true engines of growlh loday arc ideas ~~,l!ld :hc lCc!lI1ologies and higher produclivily lilOSC ideas 
<:rc'I[e:. As the economist Pall I Romer has shown, as much as half of our nUlion's economic growth 

ill the tast few decades bas been due 10 tccllllologicallll1l0vation, And unlike investments in plants 
Qf equip:ncl1t, our invcs!l!lents in innovation do not f:lee the prohlem of diminiShing returns. 

That is why thc impact of today's i!nnOtlHCemcn! goes fa:' beyond the hig}Hcch industry, 
More rcscilfch and developmcllt means higher pmdUCllvi!y, nsing \vagJ.:5, and lower costs 
!luoughollt our economy. 

OVJ.:I' the Fas! :1;llf-cC:llt::'y, we bvc sp!i: 1:1(.' a:om: spliced the gJ.:ne: pUt mcn on 1he moon; 
il!\'c!1lcd the microchi;). the I:lscr. amI Il:t: lntcmc~ -<Hid n(1PC oflhcsc aCl'oll~;)li$h:m:n!$ \\'o"ld :lavc 
happellcd \>.'llhollt jcdeml inv.::->tnJl:I)[' In filct, Gem::t.:ch ':; 3,:W() jobs might no( b!.: hen: a: al: if 0'-11' 
federal government had nOl invested in the rl'sc;irch Iha! led iO the discovery of DNA. These 
::cl;ievcn1Cn1~ have exp;mdcd dur frontiers of knowledgc, spawned ClHirl' illdustrit:s, ami crt:atcd 

millions of jobs. 

I don't know what ill1:ovations will create i;H.: jobs of 1hc next hal f-century --but with !he 
invcstments I am announcing lo(by, I :ml coumi;)g en an of you to fi;ld ouL 

II has been more lhall 200 years since explorers first landed 011 the coast of Califomw. 
To,by, yl!l! an; A:1Icl'ica's Iiew cXjllort::'s -~buildi!lg ;; beller life for ;Jl~ OUt ;H:qp:l', I':1] proud ilia! 

we arc investing in making your Job caSler _wso that you can bring mOlC jobs and more pwgrcss iO 

t\111cric(I, 10 keep the Slate cf our Unio:) strong . 

.. . ' 



THE WHITE HOUSE 

WASHINGTON 

Fcbnlary 3, 1998 

MEMORANDUM FOR THE VICE PRESIDENT 

FROM: TOM KALIL-w:: j 
JIM KOHLENBERGE(j~ 

THROUGH: DON GIPS 

RE: MEETING WITH NEAL LANE 

Attached arc some suggested talking points for your meeting with Dr. Neal L~mc to 
discuss the OSTP position with him. We think that there arc four major points that you should 
communlcule to Dr. Lane, 

I, 	 This is an eXciting time to be tlte President's science advisor. 

2. 	 You are committed to ensuring tbat he has the access to you and (0 the l~resjdel1( 
that he needs to be lin effective science advisor, 

3, 	 OSTP can }llay a more central role ill sbaping S&T policy and keeping S&T on (he 
"front-hurncr"if it focuses OIl a few \Vhite House priorities, 

4. 	 OSTI' needs to be more "plugged in" to the rest of the "'hite House (e.g. proposing 
exciting "message" evenlS and policy :mlloullCCmCn!s, interacting with the otber While 
House offices and policy counCIls). 

I 
'... ' .. ',' . 



T,alking points 

• 	 First of ail. I wanted to thank you for your willingness to be considered for the position of 
the President's Science Advisor. J know that you really enjoy your current position as 
Director 9f the National Science Foundation. and I am delighted that you arc willing to 
tackle this new chal1engc. 

• 	 I think that this is an incredibly important time to be the President's Science Advisor. 

The President and I have just proposed the "21st Century Research Fund" w_ 

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. Senators like Gramm and Dorncniei have even 
proposed doubling R&D· even though they don't have a proposal to pay fot it. 

The pace ofscientific discovery and technological innovation has accelerated and 
wiIl continue to accelerate -- thanks to breakthroughs slich as Next Generation 
intcmet, the sequencing of tile human genomc, and computational science. 

We need a Science Advisor who can help the President anti I make the sl~ongest 
possiblt: case for sustained increases in civilian research and development. What 
life the benefits that wilt flow from an increased investment in R&D? \Vhat will 
the 21 st Century be like for Ihe average American? \\,Ihat are the "gnmt! 
challenges" in science and engineering thai can moovatc exciting rcsemch 
agendas? 

• 	 1 want you to know that --- assuming that everything works out -- I nm committed to 
ensuring that you have the access to the President and to me that you need (0 he a 
strong and effective Science Advisor. This requires: 

Regular meetings with me .and meetings willi the President; 

An effective channel orcommunication that would allow you to propose new 
ideas and keep us up to date on n~;w dcvelqpmcnts}n. S&T policy; amI 

Pa~icjpation in senior stafT meetings on important planning: fWlicy and hudget 
Issues, 

1[.\1 any'PQim you felt that YOt; did not have the access you needed ~- 'I would he prcpare<f 
to il1tlTV~ngJ~LsQ!VC this problem, 

2 . 

.' 	 ", 



• 	 1 think that OSTP can playa more central role in shaping S&T policy if you focus Oil it 

few White I-louse priorities 3S opposed to trying to cover everything. I would he vcry 
interested in your thoughts on what these priorites should be. Clearly ~- some of the 
priorities that the President and 1 have identified include: 

Fundamentai. university-based research; 

Biomedical research; 

Technologies that reduce the emission of greenhouse gasses; 

Civilian technology progrruns sllch as the Advanced Technology Program and 
PNGV that will help generate economic growth and create high-wage jobs; 

Information and communications technologies - such as the Noxt Generation 
Internet and NSF's Knowledge and Distributed lntelligcncc initiative ~ and the 
applications of these technologies in areas such as life-long lcaming; and 

The explomlion ofspace, 

• 	 I also think that OSTP needs ~o be more connected to the resi of tlte White lIouse. To 
be cfrcctivc in the White House ":~ OSTP needs to interact with: 

OMB and the l\EC on the budget; 

CommUilicalions, Scheduling, SjJcechwriting. and the Press ornce to generate 
compci!ing, newsworthy events that lhe average American can understand; 

Legislative Affairs * to push our agenda on the Hil1~ 

The olher policy offices (NEC, DPe, NSC, CEQ) in lhose are"s where S&T 
intersects with another aSjJect of public policy. Good advice 011 science and 
technology can help support otber Presidential priorities such as education, the 
race initiative, and climalc change. 

• 	 Obviollsly, scientists <lnd'cnginecrs arc most comfort~!blc talking witb other scicmisis and 
,. 	 engineers. T~cy arc not used to expressing a complicated idea in terms thaftbe average 

American can llllderstatld, planning an event, or building cQalitions thai can support the 
Adminislration'~ agenda. I would encourage you to ,work with Jim Kohlenbergcr and 
Tom ~alil to. rec,ruit some, siaff who can handle ~ome"or these «politiciil'~'funttions, 

,... ' ·C, 

' .. , 



• 	 1 plan to Jalk to the President and let him know that you .arc my choice for OSTP 
DirectoL Obviously, we want to keep IhiS out anhe press until this is iinalizcd. 

• 	 r am really looking forward to working with you, I think we have an extraordinary 
"wlndow of opportunity" to make invcstemcnts in science and tcchnology that will 
advance the frontiers of knowledge and shape our future . 

. '., 


