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Accomplishments of the National Institute of Standards and Technology during the 

Clinton Administration's First Term 


The Administration's decision to invest in the future through NIST h'IS paid olfhHndsomely. NIST has 
transformed itsdffrom primnrily.o premier meastl1\:!11<.::nllaboratory ~n a ful!~l1cdged; technology 
support {igency with four interwoven programs that work togetlu;r to support the civilian tcclmology 
innovation process from basic research to adoption ur new proCCSllt.:S by small m<llTllf-al,)turcrs. 

• 	 Aml.'ficans can look forward to exciting technologkal advanc;:s witll large economic payoffs in 
the years ahead due to the Advanced Technology Program. The ATP has emerged from a pilot 
swge in 1993 to be,,;ome a proven vehicle for privntc~public s!.:clor partnerships 10 develop 
high~risk technologies that promise broad-ba..<icu economic growth in {!It: years ahead. With just 60 
projects underway at the beginning of the Clinton Administration's finn ten'l1. NlST added another 
220 cost-shared projects with companies oral! sizl.!s and cl.tnsortia involving multiple fim:s. 
universities Hnd others that rarely had coopermed previously, The $2 billion combined industry 
ami government investment since AT!"s inception in 1990 has begun to rroduc~ promising 
technological advances. 

() 	 a biorcfictor that grows human hone marww cells for c.m..:er theraptes. 

() 	 new synthetic materials technologies that !night revulutionize thl' auto industry. 

() 	 a :lew method for microsoldering integrated circuits h) improve productivity in the 
electronics industry and reduce the gener:uion of hazunlous industrial w~stes. 

, 

o 	more powerful healthcure information systems that cost less, 

These arc am0ng the A TP success stories in the making, The power of the ATP to spark economic 
benefits: is exemplified by Ull ATP project in automob:lt: manufacturing. one o( the lin.;! to rC~lCh 
completion, Eight smull automobile technology supplicrs joined together with Chrysler. General Motors. 
lhe Uuiversity of Michigan, and Wayne State Univer.:;ily 10 improve the fit and finish ofnuto hodks. The 
result is sofiware and othl!r computer tools to control :md streltm~ln\.! the nuh) ma01.lfacturing pror.:css. 
new lascr~bascd sensors to control the dimensions of ~luh) body parts, and pn;dskm tcchno!ogj~s to 
reduce tiny wnrps amI bends on large sheet metal parls. Just as imr0rtant[y, dl'l11onstrming how the 
\vorkpbt.:e is (~hanging. the industri.tI partners tenmed with auto workers to d\.!vclop training techniques 
to help lhem to quickly introduce tht: new tools und !edmiquc::i into production lines ~~ which is where 
the technology now is. The ATP contributed less than $5 million, matched by $9111i11ioll from the joint 
venture. Auto plants that have put the technology into pr:lcticc now haw bt!cn able to mt:cl tlw ...:hdkngc 
of foreign competitors. When fully in place, the industry-government research project should lead to 
increased market share for U.S, D.lltomakers, large savings in production costs and in mainlcmmce costs 
ror conStlmer:~, increased I.!conom.tc outpll1. and more jobS for AmcricUlts . 

• 	 Small~ llnd medium-sized t-:.lanutilctcrcrs around :hc country :\r-: gajnil~g ncw insights. finding 
more efficient \vn)'s to produce their products .•md retaining :tnd adding new jobs because the 
Administration had the foresight to recognize til..: necd for nlumdllctul'ing exu.':ns:ion services, 
(JIossoming fromiust seven extension centers in 1993, the NIST-manugcd Munufacturing 
Extension Parlnership is mC0ting its goal ofes!ublishing a truly natiomvidc network oftcdmical 
and business assistance l'Or smaller companies with extension centers now in all SO states ~md 
Puerlo Rico. More than 2800 manufacturing cngineers and business: experts -- nunc arc federal 
employees ~~ ate pmviding hands~on assistance from 300~plll$locations [rom Alaska to Hawaii 
and Maine io Florid;\' Data from companies as;.;is!cd by NIST extension centers clearly show 
improvements in productivily, quality control and competitiveness ~~ a trend that bodes well for 
the vitality of American entrepreneurship. 

LocaHy operated extension services are helping to improve 1he pl.:rformrmcc of 
thousands of small and lllL'diuJJl·sizt.:d U.S, l:li,lI1ufuclun:rs, from tbe Californin 
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company that is .saving $3 minion annually and has hired 56 nc\v employees, to the 
Chicago finn that saw a 30 percent increusc in sales und a 20 pcn.:cnl growth in 
employment, to the Wisconsin company th<lt was facing u 20 ~rc;;nt eut in its: 
workforce that has turned around and now plans to expand by I() pel'cent OVer three 
years, 

• 	 Under lhe Clinton Admlnistmtion, N[ST's world-respected mC:lsuremCllt laboratories have 
launched new initiatives ill computers. commulllc<ltions, millluli.tcturing. clectl'onics, health care, 
construction and international standards. Realizing their firs! real increases in funding during the 
p~tst 30 years, between 1993 and 1996 NIST bas been able to begin addr.::ssing a growing lx\cklog 
(If measureJU.cnt and standurds needs and to ckar H rath tor the technol"gies of tomorrow. Among 
it", accomplishments: 

~siabli~hing a new lhcility that makes it possible for the more tban 10,000 U,s. 
mammography centers to trace tbe aC>;·Jr,u:.:y nr ..hcir X-:ay I,;XpOS~Iri.~ measurements to 
national standards, reducing the risk that women undergoing breast exams will 
recei\'c inappropriate Icvels of X-ray exposurc. 

launching a new collaboration wilh automakcrs, the U.S. Environmental Protection 
Agency, and the California Air Resources l30ard to develop advanced mema.lrcmcnt 
technologies that will ht:lp u.s. autonwkcrs meet stale and federal emissions 
standards. 

enabling an increase 01'$300-500 million in U.S. expurts to Saudi Arabia due to 
NISTs work in re::!ulving differ~nccs b~lV,,·;';I."U U,S, <lnd S;.wdi stm,dards . 

• 	 Rt.:cugnizing that quality management is the key to business ::xeellcnce and top-nott.:h 
rx;rformancc; the Administmtion Ims been u finn supporter ur:hc Malcolm Baldrige National 
Quality Award. Eleven new companies were sdcct~d to join th~ elite dub of award winners 
during the Administration's first term -- serving as role mudds for American manufacturers and 
scrvit:e firms ranging from "mom and pop" opcrutions to Fortune 500 companies with huge global 
markets, The program -- which places a greatl,;!' emphasis Oil educating and enabling companies to 
i.!x~cl than it docs on winning lhe award ¥~ has inspired thousands of u.s. companies to improve 
their products and expand their markets through quality Illl.ltlagl.'ll1cnt. Since 1993. the NI ST 
qualilY award program has stnmgthened its tir.:s to a growing array of state and local quality 
\lp~mtions that mirror Baldrige quality managl:l11ent guidelin<..'s -- growing ii·om 24 programs in 
1993 to 38 in 1996, In the process. NIST hus ~sl;JbJishcd <Ill l:m~rgillg national quality network 
poised to better serve U,S, companies, NIST ;;!lso h~\s prepared the foundation for major quality 
improvements in hca!thcare and education by running pilot award programs in those sectors. 
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ATP Impacts the Economy 

I. Overview 

The Advanced Technology Program (Arp) bridges til:.! gap between the feS\!t.lrcb hlb and the 
rnarketplacc. stimulating prosperity throllgh innovation. Through partnerships with the private sector. 
ATP's carly stage investment is accelerating the development of innovmivc lechnologies that promise 
signiticam conllTIcrcial payoffs and widespread benefits lor the n,tlio:l. The .ATP provides cost-share 
funding in the Garly stages of R&D when other fundi:tg ~~)urccs ;h:nk the rc~l.!arch risks arc too high. The 
ATP awards arc made strictly on the basis ofopen. r!gumus, peer~re\'icwed competitions. All industries 
and all lields of science and technology are eligible. Sdl'ction is b<l!:a:d on tlK' innovatl0n. the technical 
risk. potential economic bcnctitfl to the nation and thl..: :>lrl..:ngth of tilt: co:nm(!n:ializallon plan of the 
project. Between its start in 1990 and FY 1999, thc ATP Ilmded 468 projects totaling about $l.SR in 
Federal funding matched by about $1.53 in private funds, 

In sharing the relatively high devc!1•• pmcnt risks oftcdmulogies that potentially make fcasibh.: a broad 
runge of new commercial opportunities, the ATP fosters projects with a high puyoff for the nation as a 
\vhole - in addition 10 a direct return to the irmovators. The dead)' uClllonst:':ttcd benelits derived fi"om 
tbe projects ATP has funded to dare would not have Ix:en achieved in the sam.; time period in the 
absencb of the program. These benefits bave contributed to the nmioll '5 resilient, sustainable. and 
competitive c<:onomy and could improve the health and quality of lil~; of the nation's citizens. More 
specitkally: projects funded by Ihe ATP generate clilplu)'ment and tax rcvenlll:. ATP technologies also 
result in higher quality, !oJlger~lifc products, which trnnsJate into rea! cost savings to consumers. In laCl. 
the value of the projected benefits resulting from the ;\TP contribution in just three projects would 
greatly t.lxcced total ATP costs to date.l Technologies th.:vdopcJ under ATP projcl.:ts have lhe potential 
to lmpw.:t the Jives of many Americans. for example. ont: project in digital mammography is likely to 
yield significant improvemcnts in the procedure feading to earlier diagnosis of breast cancer. In 
addition. the ATP continues to shape the way companies do busincss, It catalyzed new indtls(ric!i. such 
as D::-.J;\ diagnostics, and inerens..:d cooperation among industry, r.l)l)-profirs and universities at the Garly 
stages of R&D. 

While there is no guarantl,.'e that t!lC rescnrch funded by the ATP \Vll! h:<.ld to broad ccor'.omic or ;;ven 
commcrci<J1 success, it is still <lpproprinte to ask, "What arc some orlhc things the ?\'ation has received 
for its $1.53 in investment?" This document provides an answer to this qucstion. This ovcrvil.;w is 
f'ol!OWI.:U hy Section 2, which pn:st:nts some of the cDlltributions llll.: ATP Ims made to the nation's 
sustaincd economic growth; Section 3, which dcscdhcs some or the n:;nefits that have the pOlential to 
impact the quality of health and lite of our citizens; and. Sl!ction 4, WhlCh iIIuslrates some oC the ways 
the AT£! has :.;haped the way companies do business. 

2. Contributions to the Nation's Sustained Economic Growth 

The ATP's projects have benefited the nation and hay!: contributed to its sustained C(;onomie growth. 
They have also enhanced its intljrnational competitiwness and havt.: improved the nation's productivity, 
The following examples illustrate these points: 

2mm Project: Economy-wide impllct due to improvements in automobile 

m'lDufacturing 


Quality improvement in automobIles resulting from tillS project 11[1$ been proj..:!:ted to stimulate an 
estimated increase in total U.S. economic output of lllOfC than SJ :Jiilh111, <1':; well us cn.:n1c thousands of 
new job. This project devdoped system and mctrolllg,y tools to G(liltrol til\.: variation in automohil<: 
body components and has led to un estimated reduction in production costs by $10-15 per ear and 
maintenance costs by $50-100 per cur in production lines in which tbe t!:chnoJugy is used and is 
expected 10 improve pr{;duet quality, cllstomer satisi~Ktinn, and U.S. markct ~hare" Tbis project was 
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undertaken by a joint venture comprised of II partner.... and multir\;: sul:x:ontm;;tors. In the Hhscnce of 
ATP, it is: not likely that the joint venture pcrfonnin£ this rtSettrdl would have been formed und these 
benefits would no! have been possible. (Source: AJ.\'anccd Technology Pl'Ogr~lm Case Study: The 
DcvelllpmclH of Advanced Tcchnnlogi~s and Sysh:ms lor Controlling Dimcll!ilonal Yarimion in 
Automobile Body Manufacturing (Consad 1997)) 

Flow-Control Machining: Projected increases in GOP due to New Process 
Technologies 

The FJow~Conlrol Machining !lrojcct developed a finishing technique for automotive engines that 
allowed for higher efficiency engines that consume Jess fuel whiit t:milting fewer pollutants. This 
ti.!chnoh)RY is projected to increase GDP by S142 million annually within nvc years after 
implementation, and to generate $34 million of increased tax rcvcnucs~~none of which WQuid occur 
without the ATP project. Furthermore~ in the absence oj' ATP ll1l1ding, this project would not have 
occurred. (Source: Study of Flow-Control Machining Project (Eh!en 1999)) 

Digital Data Storage: Expected Return on Investment ~Iigh 

Total economic benefits of$3.7 B are projected from pioneering advances in the usc of optical tape tor 
data storage for eXtremely high capacity systems and 1h)ln adVtmCC5 in linear scanning recording 
technologies f()r lO\\'er~cost medium-high capacity s),stems, (Source: "Estimming Future Consumer 
Benefits from ATP-itmued Innovation: The Case of Digital Data Storage:' A:lstin and Mac'lUley: 
Resources for the Future, 2000) 

Engineering Anjmation: lleveloping Training Tools ("or Surgeons and Patients 

Engineering Animation, Inc, (EAI). with A TP support. developed (,;Oniptlter s"ftwarc thut call crente 3D 
images ()fthe human body, its various parts, their mOlioll. tissues, ~I!ld organs in reHlistic i'tlshion, Tbe 
technology is already being applied 1n diverse applications ranging from training tools for surgeons and 
medical students, to "real time"' data analysis tbat will !-iupport less invasive and less costly surgcrit:s as 
well as quicker patient recovery. The technologies developed umkr thu ATP project have nlso 
contributed to the firm's rapid growth from 20 employees at the start of the AT!' project to 957 in 1999. 
(Source: Update of First 3& Status Reports) 

Illinois Superconductor: lJsing High-Temperature Superconductivity to Improve 
Cellular Phone Transmission 

Using the new HTS RF filter developed by lIlinois Superconductor Corporation as pan of an ATP 
8\vurd, il is possihle to extend the runge of base stntinm; of the ccllul:.lr networi.;, reducmg the nlllUocr of 
stations needed and decre:.tsing the costs ofsupplying cellular phone 5crvicc. Of particular interest to 
network carriers is. the system's ability to lower the noise noor resulting in less intcrfclcnce and n greater 
capacity 10 increase both the quantity and quality of the signals. Cdlular phone Wiers receive dearcr 
signals tlnd sufter fewer dropped caUs as their signals move frol11 one base station to the next site. This 
new filter can expand the range or I.!xisting base station sttcs by 25 pClccnl and cun lead to ,I 40 percent 
decrease in the number of sites required to cover a given area. lSC currently has over 350 syswms 
deployed throughou1 the United Stutes and 1S an active parlicipum in tlle glObal development of 3G 
systems where their HTS I'ront end systems wlll be an I.:nabling fu.;::ol", (Soun.:>:: Updatc of First Ji<: 
Status Reports) 

Sage: Eleetroehromic Materials for Smart Windows Leading to Significllnt 
Reductions in Heating and Cooling Costs 

SAGE Electronics used an ATt> award to produce a prototype smaft window that enables a 20 M 30% 

reduction in heating and cooling costs compared with high-end commercial glass, This e!ectrochl'Ommie 
window can be electronically switched to controilhe llow of solar light and h¢at in response 10 outside 
conditions in accordance with user prl!ferences for hca! and sunlight. (Source: Forthcoming Status 
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Report) 

3. Contributions leading to improvements in the Health of the 
Nation's Citizens 

ATP projects will lead to improvemems in health 3!:.d quality or life. These Improvements Include 
making hcalthcare diagnostic and therapeutic tools more accurate <\Jid more ~t!TordHbk. They will also 
include making medicine more acc(.:ssiblc to rural populations. 

Tissue Engineering: Portfolio-wide Impacts Potentially Enormous 

The pot\'!l1tiai benefits from this sUIle of 7 tissue engincering projecw arc enormous based on the results 
of a detailed economic study, Projccted net prescnt vn!u(.: of benefilS illll'ibuled to ATP's inveslment 
rang!;! from $47 M 10 $17.750 M w;ross the projects. wiLh a median va~ue of~947 M. Projected rutes of 
n;:tum on tht: ATP investment ranged from 21% to J4~%. with a median volue of III %. The 
technologies investigated by this report CQver a variel), of tissue engineering projects ranging frum <~ cdl 
production system tor stem cell therapy to a new- synthetic biop(;jym.:r lilr USC' in biomedical implunts w 
H unlgrnH organ from transgenic pigs l'Or more effective. readily-available organ transplants. (Source: 
"A Framework for Estimating the National Economic IJcneiits of ATP Funding of Medicul 
Techno!ogics: Preliminary Applicoticins to Tissue Engineering Projects FundL-d from 1990~ 1996 - Seven 
Case Studies" (Research Triangle Institute, 1999)). 

Digital MlImmogralJhy: Making healthe"r. more aliordablc lIlld more accurate 

Significantly reducing the manufacturing costs will help make the world's lir;;l all-digiial mammography 
system affordable for routine use in mammograms :l:ld opening opportunities lor other. more 
cost-sensitive mcdic~tl imaging applications. 'nlis technulogy holds the promise of dramatically 
improving patient outcomes through early and better dClection anJ Ji'-lgnosis while delivering :wbswntial 
operating cffkicncics to physicians and hospitals. The nc\\' systcm, t~e GE S~nQgrnphc 2000D, was 
recently approved for clinical use by the FDA and h':lS been installed at 8 U.S. sites. Much wid!.:r 
adoption is expected in the future. 'I11C new x-ray detecliol1 technology represents a signitical1l 
technol<lgical advance in breast C~l!lcer detection giving the radio!ugist a selection of digital 
il11agc~cnhancement tools. It also pl'Ovides better dig.itai brc~lst images than conventional film-based 
mamll:lOgraphy lnlcss than balfthc thnc. (Project Spullsor: Gen~ra! I~kctric i\hldicul Systems; SOUfCI:: 
Project management leam and General Electric) 

Telemcdicinc: Making hcalthcllre faster allli more "eecssibl. 

ATP funded technology has reduced the amollnt of timt:: it takes. to transmit a:ld interpret Zl radiulogy 
report in one pru1 of !'Ural West Virginia [rom 10 hours 10 within 15 nll:Httcs pfan cX~lm" The Char[c;,;ton 
Area r.l1cdical Ccnter, a major hcalthcarc provider in Southern West Vlrgini<.I, has used the results ufan 
A TP pmject to establish a tcleradiology network that provides rural patients access to a board certified 
radiolog.ist 24 hours Zl day, seven days a week. In turn, this tedmolugy aHows sick Zlnd elderly patients 
to stay dose to their homes during treatment and greatly reduces the number oftrunsfcrs and repeat 
exams n.'quired, Based on this project's initial sueCC$S. there is potential for widespread 
commc!'ciali:21tlon of this technology m other rural ar..,HS. (Project Sponsor: Advanced Technology 
Institute; Source: Project management team and Advanctd Technology Institute) 

ATP-funded technologies will result in greater accumer in medical procedures and 
impact physician training. 

With ATP-rnndcd technology, it is possible for a do!.:t,)r to train lor operating room dt.'Ctslons under 
real*life conditions, and even to mnke mistakes, without pulting the patient at risk, One ATP project 
developed 11 ncw, intcmctivc "virtual reality" (VR) simUlator ofm!.:dicai procl..:dun:s on relatively 
lOW-COSL computers, The softwur~ aHows the user to fed as though ht: is actu:llly performing thOf;i,.."! 
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procedures on a live paticnL l11is technology is the first, real-time interactive simulation that 
incorporuted a realistic "touch and reel" experience. 11 hmi the pOlcnlial to impact physician iruining on 
a wider scale. in additiocl, with this technology, it is possible to in..:mporaw patienH,pcciHc datu ::md 
proetic\'! different scenarios within the computer maud. (Projccl Slxmsor: HT Medical: Source: Project 
management team and HT Medical) 

Aastrom Biosciences, Inc.: Large Potential Benefits frum Developing a 
Patient-Friendly Approach to Human Cen Transplantation 

Aastrom Bioscicnces, Inc. na:5 been n leader in the development or IleW stem cell ex.pansion and therapy, 
It has successfully developed a first-of~its kind clinical system designed for th0 production of-clinieully 
useful L]lIuntitit:s of cdIs lor a broad rnnge of cellu!ar therapies. Putients arc l.'xpeetcd to gnin 'lle~s 
invasive procedure that is cost effective, provides greater procedural flexibility and offers tumor purging 
bcndits. Furthermore, if the Aastrom technology substantially ex rands the fll.'xibility of cell 
transplantation, others who could not have afforded or had access to the treulment will now be able to 
and will bcnelit, The benefit may well be lile itself. sllH..:..: stem CCillf<msplamntion ('1'001 bone marrow 
and blood tbr cancer patients is frequently a life~st.willg 1herapy (Source: Forlheoming Status Report 
Update) 

Molecular Simulations: Providing Benefits to Comp"uics and Consumers by Using 
Mathematics to Find New l)rngs ( 

Molecular Simulations, Inc (MSI) has developed ${)Ihvarc to help deliver products nlStcr nod chetlper ior 
a broad customer ba~e. Firm;:: in the Chemical, petmchemical, phann::H.!cuticaL bioK'chnology industries 
us well as research universities and scientific institutions tIre using MSJ's so11ware. Funhcrmon:. 
downs:r:.:am benefits also accrue t" those who have a..:ccss to new ther~:peuti(.; drugs sooner and ilt lower 
cost. (Soun::c: Update of First 38 Status Reports) 

Integra Uf.)Sciences Corporation: A New Bioabsorbablc Polymer Suited for Use in 
Medical Implants 

Integra LifeSdences Corporation developed II bioabsorbable polymer derived from tyrosine, a naturally 
occurring ami:1o acid, that releases acidic byproducts a: signilkanlly luwer cl.!!lccntrations: than existing, 
FDA~approved bioabsorbable polymers. In its ATP project, Integra designed and developed H scale-able 
manut{lt!luring process of producing the tyrosinc~bo;;cd polymer v;.':th ~l high pUl'ity level. tiled a paten:, 
and began testing to see how well the material interactcd with living cells. The new polynlcr docs no! 
adversely affect tissue or bone or emit toxic substanc-.:s when it dcgnldcs and it appears to have 
resorptIOn rah!S similar to existing FDA-approve4 polymers, With its mech.mical properties. it can be 
used in u number oforthopedic devices. including weight bearing devices sth.:b as large surgical screw:;, 
It could pmvide significant advantages over existing orthopedic care. For example, the o:'thopedic 
implant:-l that may result from this project could obvi<Hl' the Dl:cd tor il .second ;;urgical proccdun; to 
remove ;mrdvmrc, und they allow lur u grauua! 1I'I.l.ns!\.:n..mcc or !oH{Eng to the :lcaling bone, tlwreby 
eliminating n major mcdkal problem known as strCl:!S shielding. Use of this technOlogy in other medical 
procedl.lres is likely 10 pn;vcnt some types of dcgencmLiv..! arthritic discases, (Soun.:c: F0l1i1comlng 
Status Kcport) 

, 
4. Changing the way companies do business 

ATP has catalyzed new industries 

A Tr invested in technologies in industries while they were still in tbeir infancy and when venture capital 
money was s~;)rce. As D result, the ATP !ius. provided lI1HOvative solutions 10 some of the nation's 
prossing prohlems. provided a "h'l10" effect and has changed the way companies do business, 

ATP played >1 pivotal role in business-to-business (B2B) commerce without 
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displacing private capital 

Vitria l\:chlluJogies, a 1996 and 1997 ATP awardee, is an lntcrnationalleader in business-to-business 
automation. As cHrly us 1994, long-before tbe internet b\!crunc communplact.:. Vitria was looking past 
lhe Weh us il publishing tool and saw the 13213 possihi!lti;.:s, According (0 the company's founder rmd 
Chief1\.:chno!ogy Officer. "When we said, 'we dOll 't have the h.x:hnology yel. bUl we think the market 
will be there and we CUll have a product,' it didn't fly witb ventun.: capitalhas," On1hc other hand. ATP 
recognized the potential this technology could have on the economy und lwd the foresight to invest in it 
in 	1996. Presently. Vitria generatL:s more than $100 million pcr year in revellue ~md in 1999, launched 
the 11th most Sllcccssf\l\ initi~ll public ofTering in terms of return on investment. In the absence or an 
ATP award, the results would not have been thc sume. ;\t:cording tu Its foundl!r, 1111,:. coolpany would be 
different, or not exist ~It nil. ifit did nut recei\le an ATP aWflrd,£ 

"ATP is II 'godfllther' of the fledgling US biochip industry."~ 

Biochip dcvtcC's arc suiwhle for usc in hospitals, clinics or doctor.:;' offices, to provide rapid, accurate 
diagnosis of B wide vanety ofdiseases, innovations made by ATP uwardccs have shaped the industry, 

• 	 ;\ hand-held imegF.1ted nucleic-acid smnple pr;;pam.tion canridgl.!. which is now in testing, was 
produced by Affymctrix (Santa Clara, CAl and Molecular Dynmutcs (Sunnyvale, CA), 

• A "DNA chip" syst\!m that can quickly, reliably, i;imply and cheaply screen it single binlngkal 
sample for many hundreds of naruml Rnd/or abnormal genetic tb:Hures was produced by Vysis 
(Downers Grove, tL), Much of the finn's CUITCJ:t and future tcdmology can be traced back 10 

ATP funding. 

ATP helped transform healtheare informatks 

The Informaliot) Infrastructure for Healthcare (m'l) focused program was a timely effort on the parl of 
the ATP to address a sector of the economy comprising approximately 14% or the GDP. The heulthcarc 
industry was slow to adopt the information technologies which mUll)' utht;;r scdors had already lIsed to 
increase eflicicncics us well as productivity. The hca!thcare sector \N<.\S plaglH.:d with COS! increases 
exceeding the rate of inflation fot' over 11 decade with no vis.ible ~l1d in sight while at the same time 
coming under increased scrutiny for the quality of carL' ,:divercu. 

Improved inf.}rmmion systems arc widely recognized:1" nn importanl ;;ohltion to Iht;; problerll or111cdical 
errOr and mav decrease the numoc)" of deaths and injul':';;s. :n t11e h(:ait!lcare sY,,;em. The AT!' ha:. ElIldcd 
intcgnl1cd pal jent record inform"16m sy:Hems that c:ll1 heir prevent n..:ddcnttd death or injury from :l 
patient's receiving incompatible drugs.ln addition, it has also panit:ipated in Ille development of "\!xPCrt 
systems" 1hal incorporate best-pmctice clinical guidelin..:s loat c~n Jll'lp physicians in d..:ciding 011 
courses tlflre,HmenL Deaths and injuries in lhc'heahhcare system due 10 human error, incompalihlc 
infomiiHion, or employing sub-optimal practices may be reduced by ATP~fu!lded technologies in 
healthcarc infonnatics, Potential lor widespread impact include: 

Knu\\'h:tlge~onscd Structure: Reducing Omission Errors and Offering Cust Savings 

• 	 l\ lll!W software module crealed under an A TP <l\vard is liOW oeing used in electronic patient charts 
<:nd has reduced errors ofomission from as ml1ch as 6Q to I percent in .some cases, This translates 
il110 reduction in the loss ofllfe and tremendous cost savings~ {Dr example, tIl.: Veterans 
Administration alone could realize savings of scvl!ral hundrc(; miHion dollars for each medical 
region hy <Ivoiding transcription costs and the need to hire certUied staft' for billing coding, This 
new software module is alrc'ldy in usc at some 300 U.S. sites by an estimated 5~OOO doctOJ's. The 
underlying technology also could have applkations in lic1d~ sllch us ILlw and business. (l'nde(:1 
S/IIJI1.wr: Viw! Workl'; .'>OII/'(:e: "rrdf!!.."' IIIrJnaKr:mc!n1 11:(1111 lind Vital Works) 

IntclJig.cnt Systems: Improving Uccisions Itnd Reducing Costs 
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• 	 Improved clinical decision making and reduction ofadministrative coms at CQnncctiGut~nrea 
hQSpLinls will result from an A TP project that cr:;lbk-:; hc.t:tlica:\; p(~:':li:t\lncrs and rcsean:hers :0 
evaluate drug therapies ba~cd on past clinical experiences at ho;;.phnls and hcalthcarc facilities. 
These systems ,vill also be used to reduce the onset and degree or costly medical problems. (I'm/eel 
5,'jl0I1XM" .Cli/;'vlE·Juc, Suu,,:e l'ro/eel managemcnt f1:am rind Cl!lMF.-Inc) 

Real-time decision-support systems: Fewer nevilltions from Clinical GUHh.'Jincs and I'rotocols 

• 	 ATP-funded technology will reduce heallhcarc providers' dcviutions from prescribed clinical 
gu:deJincs and protocols, By creating a complllil:g i!lfr,j!:il:ll(;tun.~ for fC:iJ~iimc dcdsion-.'iupport 
systems, these systems are expected to lead to an annual s:wing$ ofhulldreds of millions of dollars 
through improved compliance with guidelines, improved data collection. and increased provider 
knowledge. (I'N!i{'C( ,\[)()lI.\o/'.' Vi/al W()rks; S(lI/(I,,:<.:: fJroj;:c/ mallui!,u/U(!J)/ I{'urn arid Viral Work.l'i 

The ATP IIH focused program uh;o aeted as a catalyst in establishing t:o!iuborations among stakehulders 
and providing the opportunity to pursue cross~disciplil!ary projects. \vith participation from hea!thcare 
provtders as well as computer scientists and information technology specialists. These efforts have led to 
a reduclion in the likelihood of closed systems and havc illcreusd industry entry opportunities for s:nall 
to medium~5ized companies. ror the end user. this program has accelerated the development of 
technologies Ihat have improved medical care while lowering costs. 

ATP bas encouraged industry-wide partnerships cutting across technology "reas 

Since 1990, the ATP has created an environment where tirms can solve ind;'lstry~wide problems. 'Ih!sc 
arc the lypes of problems that an indIvidual company would neither be willing nor abit: to tackle on ils 
own; and in the .absence of ATP, there would not he a S0;lIliOI1. III addition. til;.; environment cre;.!ted by 
the ATP provides an atmosphere where small, hig;hly~!m)bj[e finns could thrive·and provide innovHtive 
solutions to pressing problems. 

• 	 III 1991, the Council on Competitiveness characterized the Printed Wiring Board industry as 
"losing badly or 10st,'1 mc:::tning that the U.S. wns lIotlikcly to have a presence within five years, 
As a mature indu.:;try, it nttructcd little priv~itc wn.tllre funding and only a handful of the 700 firms 
in the industry had the capability to undertake advanced research. The Joint Venture that was 
cawJvzcd under the AlP would not have been o;herwise CllmlClL The t::itimateu research cost 
savings from this project exceed 535 mtlfion. Furthermore, the project has been credited with 
sHving ~he U,S, printed wiring board industry and its 200,000 jobs. Duc to the lack of private 
im:entives for forming the joint venture, these h.!l1cfits would not have IIccurrcd by the private 
sector ncting alone. 

~~~=====~-=.==c..~ =. - ...~==~~~=....... = ~......= .. ,_= ... ..... 
Appendix 1: More Details from ATP Status Rellorts 

Impnd of ATP Funding on Conducting Projects: Results from the First Sct of 
Completed Projects 

In the absence of AT]> funding, /inns report that the projt:ct wouid either hav..: been undertaken at a 
$Iower pace or not at al[. 
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lYe" But at a Slower Pace. with Delay of: .. if!1--=~~~==iJI"'?"'4b"Y,.~..~_-=-""'jl 
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More Details on the Cases 

Aastrom Ilioseiencc., Inc.: Large Potential Iknetits from Dcwioping a 
Patient-Friendly Approach to Human Cell T .... nspiantarion 

Aastrolll Hiosdcnccs, 1ne.• Wllich \vas an ATP awanl(,!~ from 7/!/92 1101116/J0/94, hus been a lcnder in 
the devdopmem of new stem cell expansion and therapy. It has successfully developed a first-of-its kind 
clinj<:..l1 system designed for the production of clinically useful quanlities of c(".'".1$ for a broad range or 
..:ellular therapies. The AastromR(,;plicdlTM Sysh.:m .... lhe fOCl;S oj' the ATP project - consists of H 

multiusi.! instrument platform to be sold to clinical care institutions, tiod a growing line of smglc~u:;:e 
therapy kits sold for each patient tl'catmenL The cumpany, which aln.:nd), holtis 2 i patenls related ttl the 
AastmmRt::pliccllTM Systcm, I.!XP;X1S to continue munding out it::; p:ltent bu;:c, The 
AastromRcpliccllTM System is designed to place patient specific cdl production capability directly into 
patient treatment centers and 10 clliIble physicians to access cells rur t!1;;;mpy as 1h(.,")' do with traditional 
pharma~l.!utic;:lls. 

Aaslrom has now entered the production slage ofrmumlaeturing and has received CE Mark appro)',}] to 
begin s<-dcs in Europe. One of its npplications in n pivotal trial is in Sh.:m cell !ranSplanHllion for 
treatment of cancer patients undergoing high dose chemotherapy illlli rauiation therapy. Another clinical 
study uses AnstromRepliceHTM System produced cord blood to n..:s!nfi,: norlllal blood .md immune 
systems in leukemia patictHs. The company hopes to move illto commcrcinl production in one to three 
years, depending on FDA approval. 

As new emerging cell therapies rite developed by other rcsetlrchcrs to trcat C:l:lccr, infectious diseases. 
uutoimmune diseases. ::Uld to restore solid tissues, the company expects to co:iaborate with them in 
developing fll11her cell expansion lhcrapies; the Aas!roml{..::pliccllT:Vl 'SYSlL'Jl: i~ designl.!d ttl facilitate 
impkm\;nHltion of these procedures as new therapies. The AastromR;.:pliccIlT:\1 System instrumentation 
plalfoml ¥\,H leverage a growing family of products. This is a paniclilurly cxdling time for the company 
us the technology platlorm is ready for partnerlng with ncw diseasc areas. A:.stwm plans to initiate 
feasibility studies for its osteoporosis therapy with til..: first patients c!!rol!ecl in the fall 01'2000. 
Furthermore, there has been a sigmficant amount of HttelHion p~lid to del1dritk cell therapy in cancel' and 
Aastrom is actively developing a dendritic cell1her~py kit for the AlistromRt.:plk:d!TM System, thut is 
designed to address key market needs in this eXCiting n:.:w medical treatment. Aastrom is positioning 
itself for what may prove to be one of the most important advanccs in cancer trcatment by using the 
patient's own immune system to treat cancer. (Soun::.;; Update uJ'Slalus Report) 

Engineering Animation: Outstanding Commcrcil1ll'crformancc by nevcloping 
Training Tools for Surgeons and Patients 

EAt with ATP support, developed computer software that can create 3D imagos of the human body. its 
various P;:lfts, their motion, tissues, and organs in a realistic [ash:on. The company developed large 
databases with detailed digitized images ofa gencrii.: human body .md ~hc associated technologies ror 
sloring {lOci retrieving the informal ion. EAI researchers orgnuized and integrm::d the digitized images 
and developed the software that prcscrns the images as unimntell ViSll:1lizminns Orhuumll (llmtomy_ 
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Initiill commcrcializaton of the ATP supported technology resulted in th1: Vinu;tl Human. software lor 
use in medicul training, as well as ;hrce related CD-ROjvls. the Obsl'cwbk H.llnanTM. tilt;" Dynamic 
HumanTM, (md the CardioVlcwcr 30TM. Engineering Animation. Inc. (EI\I) has grown rapidly from 
20 at the start orthe ATP project In 957 in 1999. It had ,I successful [PO in 1996 raising $30.5M. The 
company has received a number or aw~\rds for lise in the: field of medicine. including ComputerworJd's 
Smithsonian Award. The company reports, "the (ATP) award was ~\ major e"ent that launched us into 
this growth phase." Ihc t;ost shuring enabled us to assemble t\!chnoIDgy." (Source: Statlls Rt.:port 
Update) 

Illinois Supe.rconductor: Using High-Temperature Superconductivity to Improve 
Cellular Phone Transmission 

As an ATP participam. Illinois Superconductor Corporation devcl\)pcd and demonstrated high 
temperature. snperconducting thick tilm materials fur equipment used In rcccplionflransmission stations 
ofcellillur phone and other communications systcms. Their HTS radio freqm.:ncy (RF) spectrum filters 
improve the quality of signal transmission, including improvements in range, J\.':cc!ver sensitivity, and 
rrequency stnbilily. compared with conventional fiht.:rs. Of particular Il1tcrest hi network carriers. is the 
syslem':; ability to lower the noise l100r resulting in lcss interfcrcni.:'c and a gl\:ntcr capacity to Ulerease 
both the qu:mtity nnd quality of the signals. These in:prnvcmcnts extend the r<ln!jc ufbuse SlntiOllS of the 
cellular netwO!k. reducing the number of stations needed and decl'ctising the L'~lsts of supplying cellular 
phone .service. Cellular phone users recc1ve dearer signals and surrer jewel" dropped c(11b as th~ir signals 
move frnm one base station to the next site. Using the 01.:\\' HTS RF filter can t:xpand the range Hod 

capacity of existing base station sites by 25 percent and C:1:1 lead to :he a 40 pt.:rcent decn:u~c in the 
number ofsite.:; required 10 cover a given area. 

lSC smx:essfully incorporated Ihe ATP supported technology in ils prl.!selcetor receive filter, thc 
Spectrum Master, which it stmtcd selling in 1996 to companies op!.:rtlling cellular phonc systems. In 
1997, iSC launched RungcMaster. whkh incorpornl~s thl.: Spcctrulll!\,1astcl' and a cryogenically cuok:d 
low-noise nmplifier. By Septembcr 1997, ISC had insl3.lkd the SpcctnllllMus{cr or RnngeMastcr in 22 
base stations in 12 cities Hnd had sucl,:cssihlly completed 16 field Irl:I!S in 10 cilies, ISC's Powt;nnm;tcr, 
Rangemas.ler. and Spcclrum:'v1<lstcr product families :-illpPtJrt dom....sti;.: UTtd intcrnacional frequencies. The 
ATP award enabled lSC to accelerate its R&D in the curly stages, 10 survive as u company. und to 
increase its credibility with investors. thus helpi:1g tho.:: l,;omptmy tu raise privalc cnpital during its i:litial 
public stock offering in 1993. ISC currently has 0\'('1' 350 systems dl'ployt..-u throughout the United Stutes 
and is <In active partidp,mt in the g!obal devclopmcnl or3G sy~tems whet\: the:r HTS front t!nd systems 
will be an cnablin,g factor. (SUUfO;;; Status Report Urdu!c) 

Integra UfeSciences: A New Bioabsorbable Polymer Suited rur Use in Medical 
Implants 

For two decades, scientists have ~tucmptcd to reenginecr bioabsorbable polymers used in orthopedic 
implan!s to soive inOnmmation and other problems cat.;scd by their n:lcasc Df:l:trmful ncids and ulher 
toxins. Integra approached ATP fur funds to develop i1 hioabsorb;:tblc polymer derived from tyrosine, a 
naturally (}(;clIITing amino acid that releases any acids or toxins ui signifil,;un1iy lower rates tban existing, 
FDA~approvcd bio~\bsorb!e polynH.:rs. 

Integm designed ,md developed n ~I:alcable Immufactlll'ing process of producing the tyrnsjm:~b(:lscd 
polymer with a high purity level, filed a patent, and began testing to Sl,;C ho\\' \Vcllthc material intcractt:d 
with living cells. ThQ results conlirmed that the new p()lymer docs nol <H.lvcrscly affect tisslle or hone or 
emit toxic substances when it dcgr~dcs and that it appears to havl! resorption rates similar to existing 
FDA-approved polyl'l'lcrs. It also hus mccJumical pl'llpl'rli..:s indicaling that ~I Ci\!l be us;;d in a 11 Liinb¢r of 
orthopedic devices, including wdght bearing devices such as large surgical screws. 

Integra has formed alliances with two device manufactur~rs, one ti.;r slI:-gicill ~creWs. plates. pin:;, and 
other musculoskeletal surgical applications, another for smaller screws. tacks. and other arthroscopic 
fixation Gevices for attuching sofl tlsslW 10 bone in the kn.:e and ;.;hou!dcr. TIH.: partners fan.:ca.>il their 
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first comtllcn;iui products will be launched in 200 l. (Source: Status Report Update) 

MorecuhH· Simulations: Providing Benefits to Companies and Consumers by Using 
Mathematics to Find New Drugs 

Compani;;:~ from u wide variety of industries arc using the Molecular Simulations. Inc (MS!) soltv.arc 
that incorporates the ATP~fundcd technology to deli\'l.:f products to market filstcr and cheaper. These 
include firnls in the chemical. petrochemical, pharmaceutical. ~llld biotcchnolvgy industries as well i.I!i 
research universities and scientific institutions, among oillers. in dtidiLion, downstream br-ncfits also 
aCcnlC to people who use the therapeutic drugs and miter products made by Ihe companies using the 
technolugy. MS! continues to carry newer gcnerulions of the st)flwarc tools i:worpOfaling the ATP 
supported technology in it product portfolio, servin~ its: broad clistomer basco including most ol'th;; 
\vodd's m.ajor chemical companies. 

With A TP support, MSI developed software tools that simulate mo[(;cuJar structures and reactions more 
efficiently than the conventional molccuh::~dc$ign tccJmiques of 1995. "fh; ATP funded erfort employed 
density functionallheory, a quantum mechanics mdhoti, and combinL'd applied mathem~iicg ;;md 
computer programming to simulate the behavior and properties of molecules. 

MSJ incorporaled the ATP supported technology in sevl,.;raI of its soft\\'are tools. inciuding Turbomole. 
software that generates a 3-D structure of the molecule. and DMoL 1I quantum chcmislry program that 
enables uSCrs to make reliable, quantitative predieth<m:> about mokcular systems. Because the MSI 
software is relatively low cost, enlers the discovery and dcvelopml.'IH cyele cluse to its start, and is used 
by rcsc<lrch and development personnel in lUlIvcrsitics, huge firms, tmd rcscan:h institutions. the benefits 
to the U!)crs ofthe software tend to be large relative to what MSf eums in sollwan: license fees. 

MSI's product portfolio nOW includes DMoI3, consldenxl by MSI to be part of its core quantum 
mechanics capability and widely accepted <IS a classic code by lhe scientific \;ommunily, and the recently 
released (May 2000) Ccrius2 Version 4,2 which incorporates th\!: D,\<1013 c0dc in the la[\!st version or 
MSI'5 major molecular modeling i.'nviwnrnent. In 199X, MSI was acquired by Pharmacopeia and now 
generates about 2/3 of Phurm[lcopda's annual rcvenu-.:s. (Source; Status Report Update) 

Sage: Electmchromic Materials for Smart Windows Lcading to Significant 

Reductions in Heating and Cooling Costs. 


SAGE EIc~lronics used an ATP award to pmducc a prototype snmrl window 111m cnabks a 20-30% 
reduction in heating and cooling Costs compared with high-end commercial glass. This c1ectrochronw.tic 
window can b\~ electronically switched to control the now of sol(lr light (lnd h-:nt in response: to outside 
conditions in accordance with uSer preferences for hent rind sunlight. In 1999. SAGE formed a 
partnership with VIRACON and a sisler company. VIRAfEC® Thin Films. Inc .. wholly~owncd 
subsidiaries of Apogee Enterprises, which is hemlquilr!cred in Mil~!l\..'apolis.~St. l'aul. Minnl.!sota. For 
SAGE. this partnership provided the opporl~mity to {c:Hll up with VIRACON, a prOdUCl!f of 
hjgh~peTjorm3nce architecturul glass for commerciat buildings with n world~widc reputation and 
marketing expertise, and to tap VlRATEC's tcchnicHl '<!xperlise La !bl,) I1KHlIlJhcturilig processes that arc 
criticat 10 scaling up the production of SAGEGLASSI@, greatly enhancing tho:: chances for comnlcrcial 
$uccess. The next step ill tne development ofSAGE'~ nusiness involws the sealc~up oJ'production and 
the marketing of the: technology 10 architects. and the commercial building and construction industry. 
SAGE expects to have its product uvaUnble for beta testing and dcmollstmtion projects in 200t. 
(Source: Forthcoming Status Report) 

NOTE 1: Performance of Completed Projects) Status Report Number I, NIST Special Publication 
950~1, March 1999, William F. Long. pHL 

NOTE 2: Interactive Week, Volume 7, Nu. 33, August 21, 2000, pS2. 
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NOTE 3: Nature l3iotcchnology, Volume 16, December 1998, p1J06. 
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