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• S  I  X  • 

Legal Restriction s o n Ne w 
Technology: Th e Regulator y 
Gap an d th e Emergenc e o f 

the Scienc e Counselo r 

When scientifi c development s lea d t o commerciall y importan t products , 
the lega l situatio n change s dramatically . Gentl e inquirie s ar e replace d 
by intens e scrutin y a s technologicall y comple x product s ar e subjec t t o 
regulation i n countless arenas . 

The Constitutional  Basis  for  Regulating  Technology 

Here, a s wit h basi c science , th e bes t plac e t o begi n a n examinatio n o f 
the law i s with th e constitutiona l framework . Wher e i n the Constitutio n 
is the federa l governmen t give n th e power t o regulat e technology ? Afte r 
all, the federa l governmen t i s limited t o thos e powers enumerate d i n th e 
Constitution an d ther e i s nothing there that speak s specifically abou t th e 
regulation o f technology . Indeed , whe n th e Constitutio n wa s written , 
and fo r man y years thereafter, ther e was doubt abou t the federal govern -
ment's powe r t o regulat e an y loca l industry—man y believe d onl y th e 
states had suc h power . But the Constitution di d give Congress the powe r 
to regulat e "interstat e commerce " an d i n thi s centur y tha t powe r ha s 
been rea d s o broadl y tha t almos t an y for m o f technolog y i s subjec t t o 
regulation i f Congress wishes. 1 
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The court s hav e read th e commerce claus e broadly becaus e they hav e 
come to believ e that i n a  modern integrate d econom y ver y littl e is purely 
local. Thus , fo r example , whe n yo u bu y a  thermomete r a t you r loca l 
drugstore t o b e use d i n you r home , yo u ma y thin k th e transactio n i s 
local, bu t i t i s wel l withi n Congress ' powe r t o regulate . Afte r all , som e 
of th e material s tha t wen t int o th e thermomete r probabl y cam e fro m 
other states . Eve n i f the y di d not , us e o f thi s typ e o f thermomete r an d 
similar medica l devices  b y man y peopl e coul d affec t th e cos t o f medica l 
care or the number o f hospital admissions . In turn, this would somewha t 
affect th e movemen t o f doctors , patients , o r financial  resource s acros s 
state lines . There i s ampl e preceden t unde r an y o f thes e theorie s fo r a n 
exercise of congressiona l power . 

If thi s exampl e seem s farfetched , conside r a n actua l cas e concernin g 
Congress' power to regulate the local sale of drugs . In 1946 , a laborator y 
in Chicag o shippe d a  numbe r o f bottle s o f sulfathiazol e tablet s t o a 
wholesaler i n Atlanta , Georgia . Sulfathiazol e wa s use d a t th e tim e t o 
combat infections . Whe n shippe d fro m Illinoi s t o Georgia , th e bottle s 
had warnin g label s on the m a s required b y the Federa l Food , Drug , an d 
Cosmetic Ac t o f 1938 . On e label , fo r example , rea d "Warning—I n 
some individual s Sulfathiazol e ma y caus e sever e toxi c reaction. " Si x 
months afte r th e Georgi a wholesale r receive d th e bottle s fro m Illinois , 
one bottle was sent to Sullivan' s Pharmacy i n Columbus, Georgia. Thre e 
months later , th e Columbu s druggis t remove d som e tablet s fro m th e 
labeled bottle , place d the m i n unlabele d pil l boxes , an d sol d the m t o a 
Georgia resident . Th e druggis t wa s the n charge d wit h violatin g th e 
Federal Food, Drug, and Cosmeti c Act . 

Did Congres s hav e th e powe r t o regulat e th e sal e o f pill s tha t a 
Georgia druggis t receive d fro m a  Georgi a wholesale r an d sol d t o a 
Georgia resident ? Th e U.S . Suprem e Cour t sai d yes , emphasizin g tha t 
the congressiona l effor t t o requir e labelin g fo r drug s originall y shippe d 
in interstat e commerc e woul d b e undercut i f the Georgi a druggis t coul d 
remove th e label s wit h impunity. 2 Give n thi s typ e o f precedent , ther e 
are few , i f any , development s i n moder n technolog y tha t ar e beyon d 
Congress' reach . 

Nor i s th e commerc e claus e Congress ' onl y sourc e o f regulator y 
authority. A s w e hav e seen , Congres s ha s th e powe r t o fun d scientifi c 
research becaus e o f it s powe r t o spen d fo r th e genera l welfare . Bu t th e 
power t o fun d include s th e powe r t o plac e lawfu l condition s o n th e 
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receipt of funds , a t leas t where the conditions ar e related to the funding. 3 

Thus, fo r example , whe n th e Nationa l Institute s o f Healt h fund s re -
search involvin g huma n subjects , i t require s th e institutio n receivin g th e 
funds t o establis h a n institutiona l revie w boar d t o protec t th e subjects ' 
rights.4 

The state s als o hav e th e powe r t o regulat e technolog y t o protec t th e 
public. Indeed thi s "polic e power" o f the state, and o f loca l government s 
acting o n behal f o f th e state , ha s bee n clea r fro m th e country' s forma -
tion. Th e onl y majo r restrictio n i s tha t stat e regulatio n canno t conflic t 
with federal , becaus e o f th e supremac y o f federa l la w unde r th e Consti -
tution. Thus , i f th e federa l governmen t regulate s a  ne w typ e o f aircraft , 
no state can have conflicting regulations. 5 

But wha t abou t Firs t Amendmen t protectio n fo r scientists ? A s w e 
have discussed , whe n scientist s publis h a  paper , th e Bil l o f Right s pre -
vents th e governmen t fro m stoppin g them . Bu t th e rule s chang e com -
pletely whe n scientist s mov e fro m expressin g thei r view s t o performin g 
experiments o r marketin g products . I n th e latte r cases , regulatio n i s 
permissible t o protec t th e publi c healt h an d safet y o r fo r othe r vali d 
goals.6 Scientist s ma y clai m tha t performin g a n experimen t i s a  wa y o f 
expressing thei r beliefs , bu t tha t clai m will  b e unavailing . Th e Firs t 
Amendment protect s speech, not action—punching you r neighbor in the 
nose expresse s you r views , bu t i t i s no t protecte d b y th e Constitution. 7 

Thus biologist s hav e n o Firs t Amendmen t righ t t o perfor m experiment s 
in thei r basemen t whe n thos e experiment s endange r th e safet y o f th e 
neighbors o r th e environment . Properl y draw n statutes , suc h a s thos e 
relating to the use of plutonium, ca n and d o limi t scientific experimenta -
tion t o protect publi c safety. 8 

Moreover, restriction s o n experiment s ar e allowe d t o protec t th e 
subjects o f thos e experiments . Thu s ther e ar e regulation s concernin g 
research usin g human, fetal , and anima l subjects. 9 

There ca n b e difficul t case s whe n i t i s unclea r whethe r governmen t 
restrictions o n researc h ar e base d o n a n imprope r concer n fo r th e intel -
lectual conten t o f tha t researc h o r a  prope r concer n fo r publi c safety . 
Thus th e governmen t woul d no t b e fre e t o restric t basemen t biolog y 
experiments if , i n fact , th e experiment s wer e completel y safe , an d th e 
government's purpos e wa s t o suppres s th e idea s tha t migh t gro w ou t o f 
the research . To hol d otherwis e would allo w the government t o practic e 
censorship i n th e nam e o f publi c safety . Thi s i s why th e Suprem e Cour t 
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ruled, fo r example , tha t flag  burnin g coul d no t constitutionall y b e pun -
ished—the punishmen t was for th e ideas expressed, not to regulate some 
other harm , suc h a s pollutio n cause d b y th e smoke. 10 Bu t i n th e typica l 
case involvin g technology , th e governmen t ha s ampl e constitutiona l 
power t o regulate . There really ar e valid health , safety , an d environmen -
tal concern s tha t com e wit h th e developmen t an d marketin g o f ne w 
products. 

Thus th e Constitutio n empower s Congres s t o regulat e technology , 
and Congres s ha s no t decline d tha t invitation . I n a  host o f area s rangin g 
from protectin g th e safet y o f drug s t o producin g clea n energy , ou r 
government ha s impose d regulation s tha t bea r directl y o n th e publi c 
availability o f ne w technology . Thes e issue s undeniabl y hav e a  hig h 
technical componen t i n tw o senses : th e regulator s hav e t o understan d 
the nature o f th e ne w technology itself , and the y hav e to understand th e 
often technica l question s involve d whe n on e look s a t th e consequence s 
of tha t technology fo r th e natural an d huma n environment . 

Right a t th e outset , i t i s clear tha t th e issues involved her e implicate a 
broader rang e of societa l force s tha n th e issues involved i n funding basi c 
research. I n th e latte r case , to us e Harve y Brooks' s terminology , w e ar e 
concerned wit h "polic y fo r science, " wherea s i n th e forme r w e ar e 
looking a t "scienc e i n policy, " a  situatio n involvin g "matter s tha t ar e 
basically politica l o r administrativ e bu t ar e significantl y dependen t o n 
technical factors." 11 I n publi c issue s involvin g ne w technology , thos e 
technical factor s pla y a  role , bu t the y ar e rarel y dispositive . Investors , 
workers, consumers, and othe r member s o f the public often hav e a  stake 
and ofte n hav e differin g goal s an d value s tha t canno t b e reconcile d i n 
scientific terms . 

Statutory Regulation  through  Delegation  to  Agencies 

So how doe s Congres s resolv e publi c polic y issue s wit h a  high technica l 
component? I n a  few cases , such a s those involvin g the safety o f saccha -
rine an d th e wisdo m o f buildin g a  supersoni c transpor t plane , electe d 
officials tak e direc t action. 12 Bu t generall y speaking , a s wit h basi c re -
search, Congres s ha s delegate d mos t o f it s authorit y ove r technolog y t o 
administrative agencies . 

The agencie s tha t regulat e technology—suc h a s th e Environmenta l 
Protection Agency , th e Nuclea r Regulator y Commission , an d th e Foo d 
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and Dru g Administration—hav e th e powe r t o issu e rules , whic h hav e 
the forc e an d effec t o f law , an d t o adjudicat e individua l cases , suc h a s 
license applications. 13 Just a s there i s no single "Departmen t o f Science " 
that controls research funding , ther e is no single "Departmen t o f Regula -
tion." Approache s t o controllin g technolog y var y fro m agenc y t o 
agency. Moreover , a s wit h th e spendin g agencies , th e congressiona l 
delegations o f authorit y t o the regulatory agencie s are so broad tha t i t is 
the agencies , no t Congress , tha t mak e mos t o f th e difficul t decisions . 
Thus, fo r example , th e Toxi c Substance s Contro l Ac t o f 197 6 give s 
the Environmenta l Protectio n Agenc y (EPA ) th e powe r t o regulat e th e 
manufacture an d us e o f ne w chemica l substances . Th e statut e say s th e 
agency should , i n considerin g whethe r t o regulate , weig h th e cost s an d 
benefits o f th e substance , th e economi c consequence s o f th e regulation , 
and ac t whe n ther e i s "a n unreasonabl e ris k o f injur y t o healt h o r th e 
environment."14 Obviousl y th e EPA , no t Congress , ha s t o mak e th e 
hard choices . 

To som e extent , Congres s delegate s regulator y matter s t o th e Envi -
ronmental Protectio n Agenc y fo r th e sam e reaso n i t delegate s fundin g 
matters t o th e Nationa l Scienc e Foundation—th e numbe r o f case s an d 
the complexity o f the technical issues involved outstrip Congress ' institu -
tional capabilities . But past tha t point , there is a central differenc e i n th e 
two area s o f delegation . With scienc e funding , a s we saw, Congres s wa s 
calling o n th e scientifi c communit y t o gover n itself . Wit h regulator y 
policy, Congress i s giving matters to agencies designed t o consider a  hos t 
of factors , includin g no t onl y technica l expertise , bu t th e claim s o f 
competing interes t groups . Indeed , i t i s precisely th e explosiv e politica l 
nature o f regulator y issue s tha t sometime s encourage s Congres s t o pas s 
the buc k t o a  governmen t bureau . Thu s th e agencies , no t Congress , 
often formulat e an d implemen t governmen t policy . This ma y b e wise o r 
unwise, i t ma y undermin e o r strengthe n democrati c principles , bu t i t i s 
undeniably th e case throughout America n government. 15 

When th e issue s becom e thos e o f accommodatin g th e interest s o f 
competing public groups rather than determining the will of the scientifi c 
community, attorney s begi n t o com e t o th e fore . Th e relativ e rol e o f 
lawyers i n th e regulator y a s oppose d t o th e fundin g agencie s ca n b e 
sensed b y simply lookin g a t wh o work s where . The Nuclea r Regulator y 
Commission, fo r example , ha s roughl y th e sam e numbe r o f employee s 
as the National Scienc e Foundation, bu t th e commission employ s ove r a 
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hundred attorneys , whereas the foundation employ s fewer tha n fifteen. 16 

Within th e regulatory agencie s generally, lawyers , economists, and othe r 
nonscientists pla y larg e roles , wit h lawyer s bein g th e dominan t profes -
sional group. 17 

Lawyers have this role because, as we have seen, they are the principl e 
agents fo r th e peaceful resolutio n o f socia l dispute s i n American society , 
and agencies are a microcosm o f that society . There is a feedback mecha -
nism a t wor k here : a s we wil l not e later , ou r cultur e insist s on vigorou s 
judicial revie w o f regulator y agenc y decisions . Judicia l revie w mean s 
that lawyer s argu e i n cour t abou t agenc y policies , an d i t mean s furthe r 
that when agencie s begin their work the y must plan fo r thos e court case s 
and thus they mus t rel y heavily on lawyers . 

Thus whe n regulator y agencie s g o abou t thei r business , the y d o no t 
stress the consensus-oriented pee r revie w mode l that the science commu -
nity brings to the National Scienc e Foundation o r the National Institute s 
of Health . The agencies instead tend toward th e adversary approac h tha t 
mirrors lega l norms . The stres s i s on havin g every viewpoint represente d 
openly an d vigorously . Consensu s i s see n a s a  chimera—th e goa l i s 
giving peopl e thei r sa y an d reachin g a  politicall y acceptabl e solution , 
bounded b y technical factor s bu t no t finally  determined b y those factors . 
One importan t effec t i s tha t scientist s wh o ente r th e proces s ar e spli t 
apart rathe r tha n brough t togethe r becaus e the y ofte n appea r a s repre -
sentatives o f particula r point s o f view . Thus , fo r example , studie s com -
paring America n cance r policie s wit h thos e i n othe r countrie s find  tha t 
"the forma l an d adversaria l styl e o f America n regulator y decisionmak -
ing .  . . polarizes scientific opinion." 18 

Even i f th e scientifi c communit y happen s t o b e i n unanimou s 
agreement o n th e technica l aspect s o f a  regulator y issues , tha t doe s no t 
mean the scientists will agree on the appropriate policy . People can agre e 
on ho w muc h radiatio n will  escap e fro m a  reactor , bu t disagre e o n 
whether i t makes sens e to spend a  million dollar s to reduc e tha t amoun t 
by 5  percent. 

Most importantly , eve n i f th e scienc e communit y happen s t o hav e a 
consensus o n a  particula r regulator y policy , tha t hardl y determine s th e 
agency's position . Th e scientifi c communit y may , i n fact , b e incline d i n 
many case s to b e supportive o f ne w technologies compare d t o the publi c 
at large , because technology ma y b e the frui t o f research an d technologi -
cal succes s ma y lea d t o mor e researc h funding . Bu t th e validit y o f a 
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regulatory polic y i s not a  scientifi c question . Regulator y issue s concern , 
in th e end , valu e questions : ho w man y job s i s i t wort h t o slightl y 
improve th e healt h o f a  thousand people ? Ho w muc h shoul d consumer s 
pay t o reduce the risk o f aut o accident s by i  percent ? 

Questions lik e thes e ca n onl y b e resolve d throug h politics , broadl y 
understood. Whe n th e Foo d an d Dru g Administratio n decline s t o ap -
prove a  ne w drug , o r whe n th e Nuclea r Regulator y Commissio n defer s 
approval o f a  ne w reacto r fuel , i t i s quit e possibl e tha t mos t o f th e 
scientists i n th e relevan t field  woul d disagree . Regulator y agencie s ar e 
regularly accuse d o f bein g "captured " b y industry , consume r groups , 
members o f Congress , an d bureaucrati c inertia . The y ar e neve r accuse d 
of bein g capture d b y scientists . Th e reaso n i s tha t althoug h scientist s 
work fo r th e agencies , the agencie s reflect , t o a  greate r o r lesse r degree , 
the whol e spectru m o f interes t group s i n America n society , an d th e 
scientific communit y i s hardl y th e mos t numerou s o r powerfu l o f suc h 
groups. 

It i s tru e tha t regulator y agencie s suc h a s th e Environmenta l Protec -
tion Agency an d th e Food an d Dru g Administration ofte n cal l on scienc e 
advisory committee s t o infor m the m b y providin g relativel y unbiase d 
technical data . Ther e ar e severa l hundre d suc h committee s reportin g t o 
scores o f federa l agencie s i n a  variet y o f ways. 19 Bu t eve n thes e expert s 
cannot tur n politica l judgment s int o technica l ones ; the y canno t mak e 
differences i n value s disappear . A s Sheil a Jasanof f conclude d i n he r 
pathbreaking stud y o f scienc e advisors in the policy process : 

[A]gencies and experts alike should renounce the naive vision of neutral advisory 
bodies "speakin g truth t o power," fo r i n regulatory science , more even than in 
research science , there can b e no perfect , objectivel y verifiabl e truth . The mos t 
one can hope for is a serviceable truth: a state of knowledge that satisfies tests of 
scientific acceptabilit y an d support s reasone d decisionmaking , bu t als o assure s 
those exposed to risk that their interests have not been sacrificed o n the altar of 
an impossible scientific certainty.20 

The Stringent  Judicial  Review  of  Regulatory  Decisions 

The mos t dramati c contras t betwee n th e science funding an d th e regula -
tory agencie s come s i n th e are a o f judicia l revie w o f agenc y action . 
When w e looke d a t scienc e spending , w e wer e abl e t o canvas s virtuall y 
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every judicia l opinio n hande d down . Ther e were , afte r all , only a  hand -
ful o f case s an d ever y on e uphel d th e agenc y makin g th e fundin g deci -
sion. In the regulatory aren a ther e ar e thousands o f cases , many o f the m 
reversing agency conclusions . At the federal level , modern environmenta l 
law case s fill  volumes . Majo r projects , fro m nuclea r powe r plant s t o 
pipelines, have bee n slowe d o r stoppe d b y litigation . Foo d an d dru g la w 
is a n entir e are a o f stud y tha t include s case s wher e ne w product s hav e 
been delaye d i n reachin g th e marke t o r prevente d fro m doin g s o alto -
gether. I n other area s ranging fro m communication s t o computers , regu -
lation i s a  fac t o f moder n life . A t th e stat e level , statute s an d judicia l 
decisions—in area s rangin g fro m malpractic e t o product s liabilit y t o 
tort suit s fo r exposur e to radioactive materials—hav e subjecte d technol -
ogy to close scrutiny. 21 

When judge s becom e involve d i n regulatory matter s involvin g emerg -
ing areas o f technology , the y d o no t suddenl y tal k an d ac t lik e amateu r 
scientists, openly second-guessin g th e decisions made by those with tech -
nical expertise . Indeed th e approac h utilize d b y the judges is , on it s face , 
the sam e whethe r th e agenc y actio n bein g challenge d i s a  fundin g deci -
sion o r a  regulator y one . Partie s challengin g th e agenc y mus t first  over -
come variou s barrier s t o revie w b y convincin g th e cour t tha t the y hav e 
standing, tha t th e matte r ha s no t bee n "committe d t o agenc y discre -
tion," an d s o on . Whe n th e cour t doe s reac h th e merits , i t wil l loo k t o 
see i f th e agenc y ha s followe d prope r procedure s an d i f th e agency' s 
decision i s "arbitrar y an d capricious " i n th e cas e o f a  rulemaking , o r 
supported b y "substantia l evidenc e on the whole record" i n an adjudica -
tion. Thes e formulation s assum e th e agenc y wil l onl y b e reverse d i n 
unusual cases , and , indee d ther e i s stil l muc h tal k b y th e court s o f 
deferring t o technical expertise . But the judges are acutely awar e that th e 
regulatory issue s befor e the m combin e scientifi c an d polic y matters . 
They want to be sure that controversia l polic y decisions are made openl y 
and persuasively , no t unde r th e guis e o f scientifi c neutrality . Thus , th e 
courts appl y the same verbal formulation s wit h fa r mor e vigor in regula -
tory than i n funding cases. 22 

Moreover, eve n whe n a  cour t decline s t o resolv e a  technica l issue , i t 
still ma y caus e a  regulator y delay . I n man y case s involvin g judicia l 
review o f agenc y action , th e court , i f troubled , wil l reman d th e case  t o 
the agency to enable the agency to change its mind o r to provide a  bette r 
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justification fo r it s first  decision. Thus, the court i s not directl y resolvin g 
the matter . Bu t i n suc h case s th e cour t i s often causin g delay , an d whe n 
the issu e i s whethe r t o mov e forward , a  dela y i s a  decision . When , fo r 
example, a  ne w dru g i s not availabl e fo r a  certai n perio d o f time , thos e 
who favo r marketin g i t are losing profits, an d potentia l user s of the dru g 
are losing health benefits . Bu t the groups that oppose selling the drug ar e 
delighted—the harmfu l sid e effects the y fea r ar e bein g avoided , an d th e 
market situatio n ma y change , makin g th e dru g les s attractive . Tha t i s 
why, in almost any litigated regulator y dispute , at least one side is happy 
with delay . Lawyer s ma y no t see k dela y fo r it s ow n sake , bu t i f b y 
making ever y credibl e argumen t the y dra g ou t a  proceeding , the y ma y 
make thei r clien t ver y happy . A n ancien t story , well-know n t o law -
yers, illustrate s th e point . A  ma n sentence d t o di e a t noon , tell s th e 
king, "I f you'l l postpone m y execution unti l tomorrow, I  will teach you r 
horse t o talk. " Afte r th e kin g agree s an d leave s fo r th e day , th e man' s 
friend asks , "Wha t i n th e worl d i s your plan? " Th e ma n replies , "Wh o 
knows? B y tomorrow , I  ma y die—th e Kin g ma y die—th e hors e ma y 
talk." 

The centralit y o f th e judicia l rol e i n regulatio n di d no t happe n b y 
chance. With scienc e funding ther e were no important counterweight s t o 
the science community itsel f an d thu s n o major rol e for th e courts . With 
regulation, countles s individual s an d group s ar e immediatel y affected . 
But th e agencie s tha t mak e th e initia l decisio n ar e no t full y trusted . 
Agency official s ar e no t elected—the y ar e appointe d b y the executive a t 
the highes t leve l an d chose n b y the civi l service system belo w that . The y 
use expertis e a s wel l a s mak e valu e judgments . Fo r mos t day-to-da y 
issues direc t involvemen t b y Congres s o r th e presiden t i s unrealistic . I n 
the end , ou r societ y insist s tha t judge s vigorousl y revie w regulator y 
agency action . A s James Q . Wilso n conclude d i n reviewin g a  study tha t 
considered, amon g othe r things , judicia l reversa l o f benzen e an d clea n 
air standards formulate d b y agencies: 

This very diffusion o f political supervision o f regulatory agencie s has facilitate d 
a striking growth in judicial supervision of them. The courts provide a ready and 
willing forum i n which contendin g interest s ma y struggl e ove r the justificatio n 
and interpretation o f specifi c rule s and practices , matters tha t ordinaril y ar e of 
little interest t o congressional committee s or the White House. . . . And though 
both industr y an d it s critics grumble abou t th e burdens of litigation , especially 
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when a decision goes against them, one suspects that each finds court appeals of 
regulatory decisions an economical way to advance or protect its interests.23 

Thus i n ou r complex , heterogeneou s nation , wit h man y citizen s pos -
sessing legall y protecte d interests , technologica l chang e i s no t allowe d 
to procee d regardles s o f it s impact . Indeed , th e notio n tha t someho w 
technology coul d procee d "withou t lega l control " i s virtually meaning -
less. A  system o f propert y law s i s necessary i f a  ne w inventio n i s t o b e 
worth anything , an d lega l protectio n o f th e publi c health an d safet y i s a 
precondition t o a  functioning society . 

Obviously, lega l contro l o f technolog y i s no t somethin g ne w an d 
different fro m th e lawyer' s poin t o f view . Fro m th e railroa d t o th e 
automobile t o the airplane an d beyond , lega l doctrines have been shape d 
by technolog y an d have , i n turn , shape d technolog y itself . The la w ha d 
to adjus t t o ne w issue s raise d b y airplane s passin g ove r property ; air -
planes ha d t o b e buil t wit h lega l notion s o f tor t liabilit y i n mind . Th e 
American lega l system' s adjustmen t t o the industria l revolutio n suggest s 
that i t wil l adjus t t o th e technologica l revolution s tha t li e ahead . Thu s 
we see again th e contrast betwee n th e scientists ' sense of a  world makin g 
progress an d th e lawyers ' sens e o f a  mor e o r les s endles s proces s o f 
mediating socia l disputes . J. D . Watson exuberantl y describe d hi s path -
breaking wor k i n formulatin g th e doubl e heli x mode l fo r DN A a s "per -
haps th e mos t famou s even t i n biolog y sinc e Darwin' s book." 24 Ye t i n 
an earl y discussio n o f lega l control s o n recombinan t DN A research , th e 
prominent attorne y an d lega l scholar Harold Gree n reporte d tha t he was 
"happy t o say " tha t nothin g "uniqu e o r novel " i n suc h researc h insu -
lated i t from regulation. 25 

Thus, fro m th e scientists ' poin t o f view , lega l contro l o f technolog y 
provides quit e a  jolt. The centrality o f th e science community i n fundin g 
decisions give s way whe n th e broade r societ y become s involve d i n deci -
sions o n th e applicatio n o f technology . Previousl y margina l scientists , 
with littl e impac t o n funding , mov e t o cente r stag e becaus e o f thei r 
involvement wit h citize n group s o n technologica l issues . N o longe r d o 
they fea r ostracis m fro m th e scienc e communit y becaus e the y no w pla y 
a rol e i n a  new communit y dominate d b y non-scientists . Mos t ofte n th e 
jolt fo r th e scienc e communit y come s whe n a  technolog y i t regard s a s 
reasonably saf e an d valuabl e meet s vigorou s resistance . Nuclea r energ y 
provides a n example . But the problem ca n aris e in the other directio n a s 
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well, whe n somethin g viewe d b y th e scienc e communit y a s pseudosci -
ence (suc h a s laetrile) gain s public support . 

The Regulatory  Gap 

Thus, th e stag e i s set fo r wha t I  call th e regulatory  gap —a ga p betwee n 
research an d applicatio n tha t ha s enormous practica l consequences . Th e 
gap stem s fro m th e fac t tha t basi c researc h receive s unusuall y littl e 
public scrutin y whil e application s o f tha t researc h receiv e a n extraordi -
nary dos e o f publi c involvement . W e hav e discusse d wh y basi c researc h 
is largel y lef t t o th e scienc e community . Wh y i s technolog y treate d s o 
differently? Ther e i s always , o f course , les s interes t i n theor y tha n i n 
application. Whe n matter s imping e directl y o n you r persona l lif e yo u 
obviously becom e mor e concerned . Bu t somethin g sharpe r i s goin g o n 
with moder n technology . Th e leve l o f publi c scrutin y i s extraordinaril y 
high; debate s ove r nove l energ y sources , genetic engineering , ne w medi -
cal procedures , an d othe r development s tak e o n th e characteristic s o f 
holy wars . The societal consensus represented b y the views of the scienc e 
community o n researc h i s utterly shattered . 

Some o f th e reasons , o f course , ste m fro m factor s w e hav e alread y 
considered. Th e America n lega l framewor k provide s freedo m fo r scien -
tific inquir y an d invite s publi c suppor t fo r basi c research , whil e limitin g 
judicial review . Wit h technology , th e lega l framewor k allow s vigorou s 
regulation supervise d b y equall y vigorou s judicia l review . A s a  result , 
scientists an d lawyers , tw o professiona l group s wit h varyin g valu e sys -
tems, dominat e researc h an d regulatio n respectively . Thu s th e stag e i s 
set fo r a  ga p whe n idea s becom e product s an d whe n pee r revie w an d 
consensus give way to adversary procedure s an d interes t group politics . 

But th e regulator y ga p i s even deepe r tha n thi s mode l woul d predict . 
The lega l framewor k provide s broa d guideline s withi n whic h socia l 
conflict i s resolved . I f ou r cultur e wer e mor e comfortabl e wit h ne w 
technology th e gap would , i n practice, be reduced. Fewe r interes t group s 
would fight  th e lates t technologica l development s an d fewe r judge s 
would deplo y th e weapons o f judicia l revie w i n a n aggressiv e manne r i n 
this field. There would stil l be a gap, but i t would b e more modest . 

Instead, th e regulator y ga p create d b y ou r lega l structur e i s exacer -
bated b y twentieth-centur y attitude s towar d progres s an d technology . 
As w e sa w i n ou r discussio n o f religio n i n America n life , th e unifie d 
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Enlightenment idea l o f progres s ha s fragmented . Wherea s scienc e stil l 
appears t o mak e progress , th e huma n conditio n doe s not . Th e horror s 
of twentieth-century totalitaria n regime s and of modern wa r have engen-
dered a  dee p pessimis m abou t th e huma n future . An d technolog y ha s 
hardly bee n exempt . Indeed , sinc e th e atomi c bomb , technolog y ha s 
been particularl y implicate d i n man y mind s with th e failure s rathe r tha n 
the successe s o f th e huma n race . Spurre d b y th e Vietna m Wa r an d th e 
growth o f th e environmenta l movement , th e decade s sinc e th e 1950 s 
have see n ever-sharpe r questionin g o f technology. 26 A t th e sam e time , 
the continued marc h o f theoretica l scienc e provides a n endles s stream o f 
ideas tha t pla y a  majo r rol e i n America n life . W e ar e happ y t o lear n o f 
discoveries abou t th e nature o f the universe and t o ponder thei r implica -
tions; w e ar e mor e cautiou s abou t th e actua l product s tha t appea r i n 
the marketplace . 

Cultural pattern s o f thi s typ e ar e no t th e resul t o f logica l syllogisms . 
Countless American s enjo y th e convenience s o f moder n technolog y 
while remainin g convince d tha t technolog y ha s "gotte n ou t o f hand. " 
Whether rationa l o r not , th e transitio n fro m theor y t o practic e i n th e 
realm o f science and technolog y i s remarkably rocky . 

Comparisons wit h othe r fields  illustrat e th e point . O f course , scienc e 
is not th e only are a wher e theor y i s less controversial tha n practice . Bu t 
the regulatory ga p in science is far wide r tha n i n other areas . 

Consider healt h policy . Sinc e th e Truman administration , th e Ameri -
can polit y has , a t variou s times , debate d th e broa d issu e o f medica l 
coverage. Shoul d basi c care b e provided fo r th e needy , fo r th e aged , fo r 
everyone? Thi s debate—th e "basi c science, " i f yo u will—ha s involve d 
wide segment s o f th e public . We have no t delegate d t o a  narrow profes -
sional grou p (suc h a s economists o r doctors ) th e tas k o f shapin g policy . 
When governmen t agencie s suc h a s th e federa l Departmen t o f Healt h 
and Huma n Service s promulgat e broa d guideline s fo r program s lik e 
Medicare an d Medicaid , judge s d o no t shrin k fro m activ e judicia l re -
view.27 A s a result , whe n agencie s mak e individua l determination s a s t o 
who i s eligibl e fo r a  particula r benefi t an d th e court s revie w tha t deci -
sion, the system continue s t o function . O f cours e ther e ar e controversie s 
about th e applicatio n o f broa d guideline s i n man y cases , bu t w e d o no t 
see the system grindin g to a  halt a s happens when a n entir e power plan t 
or even an entir e mode of energy production neve r makes i t on-line. 

Or conside r zonin g law . Zonin g decisions , althoug h the y ma y affec t 
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the qualit y o f lif e o f man y citizens , rarel y hav e th e broad , dramati c 
impact of , fo r example , a  developmen t i n communication s o r energy . 
Yet initia l zonin g policy—broad , "theoretical " planning—undergoe s 
far mor e publi c scrutin y tha n basi c science policy. Comprehensiv e plan -
ning document s fo r variou s communitie s ma y b e th e subjec t o f publi c 
forums, debates , and newspape r editorial s that would b e unheard o f for , 
say, initia l researc h i n compute r science . Moreover , ther e i s a  growin g 
number o f jurisdiction s i n whic h legislatio n provide s tha t individua l 
land us e decision s mus t b e consisten t wit h broade r zonin g plans. 28 Th e 
"technology" mus t fi t th e "science. " Thus , i n zoning , althoug h no t 
everything proceed s smoothly , ther e i s a t leas t som e reaso n t o expec t 
continuity betwee n theor y an d practice . 

There i s n o poin t arguin g whethe r th e regulator y ga p i n scienc e i s 
different i n degre e o r i n kin d fro m th e ga p betwee n theor y an d practic e 
in othe r fields . Th e fac t remain s tha t th e ga p i s vast . Moreover , i t ha s 
tremendous consequence s fo r publi c polic y i n Americ a today . Perhap s 
the mos t dramati c exampl e t o dat e ha s bee n tha t o f civilia n nuclea r 
energy. 

The Case  of  Nuclear  Fission 

After Worl d Wa r II , a n enormou s governmen t researc h effor t wa s de -
voted t o th e developmen t o f nuclea r reactor s fo r th e generatio n o f 
electricity. Optimism wa s so high tha t President Eisenhower could sa y in 
1953 tha t wit h adequat e uraniu m resource s nuclea r energ y "woul d rap -
idly be transformed int o universal , efficient an d economic usage." 29 

The fission reactors developed b y the early government an d industria l 
effort wer e largel y acceptabl e t o th e scientifi c community . Tremendou s 
support wa s place d behin d on e particula r approach , th e so-calle d ligh t 
water reactor . Relativel y littl e suppor t wa s give n t o othe r approaches . 
Beginning i n th e 1970s , however , year s befor e th e 197 9 acciden t a t 
Three-Mile Island , publi c concern s ove r environmental , safety , an d eco -
nomic factor s le d t o a  tremendou s slowdow n i n th e civilia n nuclea r 
program. Regulator y issue s cam e t o th e forefront , a s countles s lawsuit s 
added t o th e licensin g tim e fo r reactors . Th e nuclea r industr y wa s buf -
feted b y complaints concernin g cost , safety, waste disposal , vulnerabilit y 
to terrorists , an d th e politica l cost s o f large , centra l powe r plants . Stat e 
and federa l regulatio n tightene d i n response to these public concerns. 30 
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The nuclea r industr y di d no t los e ever y courtroo m o r legislativ e bat -
tle, bu t a t time s i t mus t hav e seeme d a s though th e battle s woul d neve r 
cease. Conside r stat e regulatio n o f reactors . I n 1976 , Californi a passe d 
legislation placin g a  moratoriu m o n certificatio n o f ne w nuclea r plant s 
until a  state commissio n determine d tha t ther e was a  demonstrated wa y 
to dispos e o f hig h leve l nuclea r waste . Th e industr y wen t t o court , 
arguing tha t th e Californi a la w conflicte d wit h federa l law s pervasivel y 
regulating nuclea r energ y an d settin g u p a  proces s fo r th e developmen t 
of nuclea r wast e storag e technologies . Th e U.S . Supreme Cour t rule d i n 
favor o f th e Californi a law , finding  tha t federa l la w regulate d th e safet y 
aspects o f nuclea r energ y bu t no t th e economi c aspects . The Californi a 
law, the Cour t said , was motivate d b y concern tha t wast e storag e migh t 
make nuclea r energ y uneconomic. 31 Th e industr y was , of course , disap -
pointed wit h losin g th e case , bu t i t fel t tha t a t leas t th e cour t ha d 
established tha t th e federa l governmen t regulate d nuclea r safety . Th e 
industry thu s ha d reaso n t o b e confident whe n th e Kare n Silkwoo d cas e 
reached th e Supreme Court . 

Karen Silkwoo d wa s a  laboratory analys t i n a  Kerr-McGee plan t tha t 
fabricated plutoniu m fue l pin s fo r nuclea r reactors . Sh e wa s contami -
nated b y plutoniu m unde r controversia l circumstances . Afte r he r deat h 
in a n automobil e accident , he r estat e sue d unde r stat e la w t o recove r 
damages du e t o he r contamination . Th e jur y awarde d th e Silkwoo d 
estate punitiv e damages , i n effec t punishin g Kerr-McGe e fo r endanger -
ing Silkwood. O n review in the Supreme Court , Kerr-McGee argued tha t 
the Court' s decisio n i n the earlier California cas e established tha t federa l 
law ha d sol e authorit y i n matter s o f nuclea r safety . Bu t th e Cour t 
disagreed, finding  tha t Congres s intende d federa l regulatio n o f nuclea r 
safety t o coexis t wit h stat e tor t laws . Th e Cour t conclude d "ther e i s 
tension betwee n th e conclusio n tha t safet y regulatio n i s th e exclusiv e 
concern o f th e federa l la w an d th e conclusion tha t a  state ma y neverthe -
less award damage s on it s own la w of liability," bu t the Court conclude d 
that "Congres s intende d t o stan d b y bot h concept s an d t o tolerat e 
whatever tension ther e was between them." 32 

We saw before ho w disappointe d gran t applicant s challenging action s 
by the dominant scientifi c community fel t they were facing a  Kaf kaesque 
maze. Every corrido r o f potentia l judicia l relie f le d t o a  dead end . Now , 
on th e othe r sid e o f th e regulator y gap , i t i s th e proponent s o f a  ne w 
technology, ofte n supporte d b y the dominant scientifi c community , wh o 



9 8 •  LEGA L RESTRICTION S O N NE W TECHNOLOG Y 

themselves fac e a n endles s cours e o f regulator y obstacles , wher e sur -
mounting one leads only to another . The result is not that nuclea r powe r 
suddenly stops . Ther e i s n o publi c consensu s t o forbi d ne w develop -
ments, however controversial . Bu t ther e i s a  ful l dos e o f publi c control , 
slowing technological process . 

The dramati c chang e i n nuclea r power' s fortune s fro m th e day s o f 
early researc h t o th e presen t i s du e i n larg e par t t o th e regulator y gap . 
More attentio n i n th e earl y year s t o socia l concern s tha t woul d accom -
pany commercializatio n woul d hav e reduce d late r regulator y problems . 
As one scientist has written : 
As soon a s we foun d a  concep t tha t worke d reasonabl y well , powerful force s 
drove tha t machine , the L[ight ] W[ater] R[eactor] , to prominence . We did no t 
take th e tim e t o test , modify , an d finally  choos e th e "best " nuclea r reacto r 
among man y competitors . No w w e kno w tha t safer , smaller , an d probabl y 
cheaper fission reactors can be built.33 

Some member s o f th e publi c woul d hav e oppose d nuclea r energ y i n 
any form , bu t ther e i s considerabl e evidenc e tha t othe r reacto r designs , 
ignored i n th e earl y years , migh t hav e prove n mor e acceptabl e t o man y 
citizens. In particular, earl y attention t o waste disposal an d t o the healt h 
effects o f radiatio n woul d hav e pai d off . I t appear s possible , fo r exam -
ple, tha t a  desig n know n a s th e modula r high-temperatur e gas-coole d 
reactor, use d i n othe r countrie s fo r decades , migh t b e sociall y superio r 
to the conventional ligh t water reactor. 34 

Another nuclea r technology—th e breede r reactor—i s als o a  victi m 
of th e regulator y gap . Th e breede r i s a  fission  reacto r tha t run s o n 
plutonium. Whil e i t i s operating , i t convert s a  relativel y commo n for m 
of uranium int o more plutonium.35 Thi s increases the availability o f fuel , 
but plutoniu m i s a  mor e dangerou s fue l tha n tha t use d i n conventiona l 
reactors. Nonetheless , becaus e o f it s fue l efficiency , th e constructio n o f 
breeder reactor s wa s "a n almos t unanimous ambitio n o f civilia n nuclea r 
scientists" afte r Worl d Wa r II. 36 Give n it s origins i n the insulate d worl d 
of science , i t i s no t surprisin g tha t th e Clinc h Rive r Breeder , a  demon -
stration projec t tha t receive d billion s o f dollar s befor e bein g slowe d b y 
litigation an d stoppe d b y Congress , represente d a  desig n fa r fro m opti -
mal for meetin g social concerns , such as the need to safeguard plutoniu m 
from terrorist s who migh t fashion i t into bombs. 37 Other designs , poten-
tially superio r i n socia l terms , wer e slighted. 38 Th e breede r thu s fel l 
victim t o the regulatory gap . 
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Computers and  Regulation 

If nuclear energy i s the most dramatic example of the regulatory ga p i t is 
far fro m th e onl y one . Virtuall y ever y technolog y tha t come s on-lin e 
must struggl e wit h lega l requirement s tha t ste m fro m a  process-oriente d 
system in which countles s groups have a  say. Perhaps the clearest way t o 
see thi s i s t o conside r th e compute r industry , on e o f th e fast-growin g 
segments o f America n technology . Her e th e regulator y ga p ha s bee n 
nowhere nea r a s destructiv e a s wit h nuclea r energy , ye t i t ha s take n 
a toll . 

We tend t o think o f the computer industr y today a s a rapidly growin g 
consumer-oriented portio n o f th e privat e sector . Bu t a s wit h s o man y 
areas o f moder n technology , a  majo r spu r fo r initia l researc h cam e 
from th e federa l government . Th e risin g tid e o f immigratio n mad e th e 
government's tas k o f takin g th e 188 0 censu s extremel y difficult . I t wa s 
becoming har d t o complet e on e censu s i n the ten-yea r perio d befor e th e 
next ha d t o begin . Thus i n 1889 , the superintenden t o f th e 189 0 censu s 
held a  competition t o find  a n improve d wa y t o handl e censu s data . Th e 
winner wa s a n electricall y powere d calculatin g machin e develope d b y 
two men , Joh n Billing s an d Herma n Hollerith , wh o ha d previousl y 
worked fo r th e census office . Computer s wer e given a  tremendous boos t 
when thi s machine successfully handle d th e 189 0 census . 

The federa l governmen t continue d t o suppor t development s i n com -
puter sciences , particularly becaus e o f th e nee d fo r computer s i n Worl d 
War I I and i n the immediate postwa r era. 39 Today, a n enormous privat e 
computer industr y serve s muc h o f th e America n populatio n i n area s 
ranging fro m finances  t o communications . Bu t havin g mad e th e transi -
tion t o th e commercia l sector , development s i n compute r scienc e tha t 
are perfectly acceptabl e fro m a  technical poin t o f vie w have increasingl y 
run int o regulator y issue s no t o n th e agend a o f th e basi c researchers . As 
a result , developmen t o f th e compute r industry , althoug h stil l rapid , i s 
not trouble-free . 

A series o f Suprem e Cour t case s concerning th e patentabilit y o f com -
puter programs provide s a  classic illustration o f the often rock y relation -
ship between regulatio n an d ne w technology . Patent s give the inventor a 
seventeen-year monopol y fo r certai n usefu l nonobviou s inventions . 
Once yo u hav e a  patent , you r monopol y i s goo d eve n agains t other s 
who late r com e u p wit h th e sam e idea . Ca n a  compute r progra m b e 
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patentable? T o a  nonlawye r tha t migh t see m lik e a  ye s o r n o question . 
But i t turns ou t to be a good dea l more complicated, an d thu s the matte r 
of providin g incentive s t o thos e wh o writ e program s turn s ou t t o b e a 
difficult regulator y issue . 

In Octobe r 196 3 th e paten t offic e receive d a  paten t applicatio n fo r a 
method o f converting numbers from on e form t o another . The inventors , 
Gary Benson an d Arthu r Tabbott , had written a n algorithm—a step-by -
step procedure—for takin g numbers writte n i n a  traditional forma t an d 
converting the m int o binar y numbers . I n th e binar y system—whic h i s 
often use d i n computers—all number s ar e expressed a s combinations o f 
the tw o digit s zer o an d 1 . The numbe r on e fo r example , i s expressed a s 
001, th e numbe r tw o i s 010 , th e numbe r thre e i s o n, th e numbe r fou r 
is 100 , an d s o on . Th e inventors ' algorith m wa s designe d fo r us e i n 
computers. I n effect , th e inventor s wer e seekin g t o paten t a  particula r 
computer program—on e tha t use d mathematica l technique s t o pu t 
numbers i n binar y form . Th e paten t offic e rejecte d th e application , an d 
when th e inventors ' challeng e t o tha t decisio n reache d th e Suprem e 
Court, i t unanimousl y agree d wit h th e paten t office . Th e Cour t referre d 
to the familia r rul e that one cannot paten t a  law of nature o r mathemat -
ics, an d sai d tha t a  paten t fo r Benso n an d Tabbot t would , i n effect , 
preempt th e us e of a  particular mathematica l formula . Th e fac t tha t th e 
formula wa s se t fort h a s a  step-by-ste p compute r progra m wa s irrel -
evant.40 

But matter s soo n becam e mor e complicated . I n 1978 , th e Cour t 
considered Dal e Flook' s applicatio n fo r a  patent o n a  method fo r calcu -
lating "alar m limits. " I n oi l refinin g an d othe r industries , variou s op -
erating conditions , suc h a s temperatur e an d pressure , ar e constantl y 
monitored whil e certain chemica l conversion processe s take place. When 
the monitorin g reveal s tha t a n inefficien t o r dangerou s conditio n exists , 
the "alar m limit " i s reached an d a n alar m goe s off . Becaus e condition s 
change a s a  chemica l conversio n proces s start s u p o r slow s down , th e 
"alarm limit " mus t b e update d s o tha t th e alar m wil l onl y soun d whe n 
there reall y i s a  problem. Floo k sough t a  paten t o n a  three-step metho d 
for updatin g alar m limits : (1 ) measure the present value of the variables , 
such a s temperature ; (2 ) us e a n algorithm , tha t i s a  step-by-ste p proce -
dure, t o calculat e a n update d alar m limi t base d o n thos e variables ; an d 
(3) replac e th e ol d alar m limi t wit h th e update d value . Th e algorith m 
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Flook devise d fo r ste p z  wa s designe d t o b e use d b y a  computer—i t 
was, in effect, a  computer program . 

A majorit y o f th e Suprem e Court , i n a n opinio n b y Justic e Stevens , 
held tha t n o paten t shoul d b e awarde d t o Flook . Steven s reasone d tha t 
the only new thing in Flook's proces s was step 2 , the computer progra m 
for calculating the alarm limit . Allowing a  patent fo r thi s program woul d 
be allowin g th e patentin g o f a  mathematica l formula , i n contraventio n 
of the binary conversio n cas e and earlie r precedent. 41 Bu t three member s 
of the Court , i n a  dissent b y Justice Stewart , saw i t differently. T o them , 
Flook wa s tryin g t o paten t a  ne w three-ste p process . H e shoul d no t b e 
barred becaus e on e par t o f tha t proces s involve d th e us e o f a  formula . 
After all , Stewar t reasoned , thousand s o f processe s involve , a t som e 
point, a n unpatentable formula. 42 

Just thre e year s later , th e dissenter s i n th e Floo k cas e foun d them -
selves in th e majority . Th e paten t applicatio n o f James Dieh r an d Theo -
dore Lutto n concerne d a  metho d fo r convertin g raw , uncure d syntheti c 
rubber int o a  cure d an d therefor e usabl e final  product . Thei r metho d 
involved usin g a  mol d t o shap e th e uncure d rubbe r unde r hea t an d 
pressure fo r jus t th e righ t amoun t o f time . Dieh r an d Lutto n use d a 
standard formul a tha t revealed , base d o n th e temperature , time , an d s o 
on, whe n t o ope n th e mold . The y devise d a  wa y t o constantl y measur e 
the condition s insid e th e mold , fee d thos e figures  int o a  computer , an d 
have th e compute r continuall y updat e th e standar d formul a unti l th e 
formula indicate d th e mold shoul d b e opened. The patent office decline d 
to gran t a  patent . However , thi s time , i n 1981 , th e Suprem e Cour t 
reversed. Justice Rehnquist , wh o ha d dissente d i n th e Floo k case , wrot e 
for a  majorit y o f th e Cour t tha t thi s paten t applicatio n wa s differen t 
than Flook's . Wherea s Floo k wa s seekin g simpl y t o paten t a  formula , 
Diehr an d Lutto n ha d devise d a n entir e improve d proces s fo r curin g 
rubber i n which a  computer progra m simpl y played a  part. 43 

Justice Stevens , wh o ha d writte n th e Floo k opinion , wa s joine d b y 
three othe r justice s i n dissent . Th e dissenter s sa w n o differenc e betwee n 
Flook's metho d o f calculatin g a n alar m limi t fo r chemica l conversion s 
and Dieh r an d Lutton' s metho d fo r calculatin g ho w lon g t o cur e 
rubber.44 

It i s important t o not e tha t Rehnquist , i n th e rubbe r curin g case , di d 
not overrul e th e Floo k cas e eve n thoug h h e ha d dissente d there . Th e 
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difference i n the two cases , in terms of the attitudes of particular Justices, 
was tha t Justices Whit e an d Powel l vote d t o den y Floo k a  patent bu t t o 
grant on e t o Dieh r an d Lutton . B y distinguishing rathe r tha n overrulin g 
Flook, Rehnquis t wo n th e suppor t o f Whit e an d Powel l an d lef t th e 
Court roo m t o maneuver i n the future . 

Before yo u becom e to o critica l o f th e Court' s effort s i n thi s area , 
consider th e difficultie s o f th e task . Th e paten t monopol y i s a  tremen -
dous incentiv e t o inventor s bu t i t i s costly t o other s wh o see k t o ente r a 
field. Precisel y ho w muc h incentiv e i s desirabl e i n a  field  lik e compute r 
programming? Moreover , wha t doe s i t mea n t o allo w o r disallo w pa -
tents fo r programs , whe n thos e program s ar e imbedde d i n comple x 
products an d processes ? A s the progression fro m binar y numbe r conver -
sion t o curin g rubbe r indicates , thes e case s ca n becom e mor e an d mor e 
difficult. 

Today th e issu e o f th e patentabilit y o f compute r softwar e remain s 
intensely controversial . Litigatio n i s extensive , an d th e cost s o f tha t 
litigation include , a t times , a  slowing o f th e innovatio n process. 45 Com -
panies lik e t o kno w ho w the y wil l protec t thei r intellectua l propert y 
rights befor e investing , an d th e uncertai n stat e o f th e la w make s tha t 
difficult. Moreover , man y compute r scientist s believ e tha t whe n com -
puter softwar e i s involved, th e paten t proces s make s progres s les s rathe r 
than mor e likely. 46 

Indeed, the patent question i s simply the tip of the iceberg of incentiv e 
issues fo r compute r scientists . The compute r field  move s s o rapidly tha t 
even whe n patent s ar e available , gettin g on e ma y b e too slo w a  proces s 
to b e worthwhile . An d havin g on e ma y provid e littl e o f valu e whe n th e 
field rapidly shift s course . Accordingly, a  good dea l o f attention , includ -
ing regulator y attention , ha s shifte d t o copyrigh t law , anothe r wa y o f 
protecting the computer scientists ' intellectual property . 

A copyrigh t i s muc h mor e easil y obtaine d tha n a  paten t an d th e 
protection last s longer. But a copyright, unlike a patent, does not protec t 
you agains t someon e wh o independentl y come s u p wit h th e sam e idea . 
Should copyright s b e available fo r variou s type s o f compute r programs ? 
After muc h debate , Congres s an d th e court s hav e generall y sai d yes ; 
however, regulator y issue s remain , concerning , fo r example , whethe r 
and ho w copyright s shoul d cove r th e "loo k an d feel " o f a  program—it s 
interface wit h th e user—a s wel l a s it s interna l codes. 47 Here , a s wit h 
patents, uncertainty ha s bred litigatio n an d delays. 48 
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Thus althoug h th e compute r industr y ha s move d fast , i t ha s bee n 
slowed b y lega l dispute s ove r intellectua l property , an d grumblin g b y 
computer scientist s ha s inevitabl y followed . I n principle , th e regulator y 
gap her e coul d hav e bee n narrowed . Fro m th e beginning , compute r 
software di d no t easil y fi t int o existin g categories ; indeed , i t blurred th e 
distinction betwee n paten t an d copyright. 49 I n recen t years , scholar s 
have suggeste d tha t a  ne w for m o f intellectua l propert y protectio n 
should b e tailore d precisel y fo r software. 50 Bu t thes e proposal s com e 
after year s o f litigatio n an d dela y an d the y plung e int o a  worl d i n 
which cautio n an d compromis e inevitabl y rule . There i s little support fo r 
having compute r softwar e "unregulated"—wit h n o lega l protection , 
thefts woul d b e s o commo n tha t th e incentiv e t o innovat e an d marke t 
would fade . Bu t regulation whe n i t comes i s something o f a  cold showe r 
to a  ne w technology . Understandably , th e earl y writer s o f compute r 
software di d no t focu s o n the protection o f intellectua l property . 

The Emergence  of  the  Science  Counselor 

The regulator y ga p i s a deeply entrenche d featur e o f th e moder n Ameri -
can lega l landscape . I t will  neve r disappea r entirely , becaus e th e differ -
ence i n worl d vie w betwee n scientist s an d lawyer s wil l neve r disappea r 
entirely. Bu t ca n th e ga p b e narrowed ? Development s i n recen t year s 
suggest tha t som e narrowin g wil l tak e plac e a s a n increasin g numbe r o f 
scientists becom e what I  call science counselors. 51 

Narrowing th e regulator y ga p i s a  matte r o f self-interes t fo r th e 
scientific community . Whe n a  technology slow s o r grind s t o a  hal t afte r 
billions have bee n invested , the pessimism an d disconten t tha t follow s i s 
widespread. I t could eventuall y poiso n publi c suppor t fo r basi c researc h 
itself. Pur e scientist s ma y lov e scienc e fo r it s ow n sake , bu t th e publi c 
funds i t because of potentia l payoffs . 

Science counselor s ar e scientist s doin g researc h wh o shap e tha t re -
search, early on , to increas e the likelihood tha t th e resulting commercia l 
product wil l encounter a  relatively cal m regulator y climate . They ar e no t 
cheerleaders wh o proclai m tha t scienc e wil l solv e th e world' s ill s a t n o 
cost. They ar e cautious an d pruden t researcher s who brin g social factor s 
into the research process . 

Science counselor s ar e no t a  panacea . Nothin g ca n remov e th e pinc h 
of regulatio n entirely . An y ne w produc t alter s right s i n ways tha t creat e 
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disputes, but the most wasteful outcome s can often b e avoided. Scientifi c 
research nee d no t produce th e type of produc t tha t i s least acceptable t o 
society. Tha t outcom e follow s fro m th e indifferenc e o f researcher s t o 
commercialization. I f researc h i s guide d b y a  sociall y consciou s han d 
from th e outset, choices can be made that improv e the product's chance s 
of relativel y smoot h commercialization . Scientist s increasingl y realiz e 
that taking these steps is in the interests o f science . Doing research toda y 
without concer n fo r th e ultimat e lega l consequences i s like doing a  hig h 
wire act without the wire. 

"Science counselor" i s not, o f course , a  precise job description . Ther e 
have alway s bee n scientist s mor e o r les s attune d t o th e socia l implica -
tions o f thei r work . Th e trend , however , i s i n th e directio n o f mor e 
researchers giving greater weigh t to those implications . 

Perhaps th e bes t wa y t o understan d th e rol e o f th e scienc e counselo r 
is to contras t tha t rol e wit h th e other s scientist s pla y whe n the y see k t o 
shape public policy. 

For decades , America n scientist s hav e participate d i n publi c debat e 
on larg e issues such a s arms contro l an d th e environment . A s recently a s 
the immediate post-World Wa r I I era, relatively fe w played thi s role. For 
every J . Rober t Oppenheime r ther e wer e thousand s wh o staye d ou t o f 
the limelight . A s th e year s wen t by , mor e scientist s (such  a s Edwar d 
Teller an d Linu s Pauling ) becam e familia r figures  i n publi c debate . To -
day, on issue s like global warming , scientist s like Carl Sagan are increas -
ingly prominent participants . 

The activitie s o f thes e "visibl e scientists," 52 t o us e th e ter m popular -
ized b y Ra e Goodell , hav e no t bee n fre e o f controversy . Theoretically , 
scientists ente r publi c debat e a s exper t witnesses , advisin g politicians , 
legislatures, and citizens ' groups on the technical aspect s of public issues. 
In practice , i t i s ofte n har d t o separat e technica l advic e fro m persona l 
viewpoints a s scientists sometimes offe r view s in areas fa r remove d fro m 
their specialtie s an d see m t o arriv e a t thos e view s throug h politica l 
rather tha n technica l reasoning . Som e hav e condemne d scientist s fo r 
seeking to expan d thei r influenc e beyon d thei r expertise , whereas other s 
have praise d the m fo r goin g beyon d narro w laborator y concern s an d 
entering int o wide r mora l an d politica l discourse . A  majo r motivatio n 
for som e o f thes e visibl e scientist s ha s bee n a  sens e o f mora l obligatio n 
born o f the scientists ' role in building the atomic bomb. 53 

The visibl e scientists , s o prominen t o n televisio n an d i n othe r mas s 
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media today , ten d t o b e senio r figures  i n thei r fields,  includin g Nobe l 
laureates. The y hav e ofte n abandone d scientifi c researc h altogethe r a s 
they devote essentially al l their effort s t o thei r curren t politica l concerns . 

Akin t o th e visibl e scientist s ar e th e "regulator y scientists " analyze d 
by Sheil a Jasanof f an d others. 54 Thes e individual s provid e advic e t o 
government agencie s throug h servic e o n countles s advisor y committees . 
They ar e typicall y les s prominen t tha n th e visibl e scientists , bu t thei r 
efforts ar e ubiquitous . Lik e th e visibl e scientists , whe n the y provid e 
advice they ar e no t doin g research ; the y ar e attempting t o provide inpu t 
into social decisions . They als o have to confront th e question o f whethe r 
one ca n reall y separat e technica l fro m politica l advic e i n th e polic y 
arena. 

There i s a n inexorabl e progressio n fro m th e fe w presidentia l scienc e 
advisors o f th e World Wa r I I era t o th e score s o f "visible " an d "regula -
tory" scientist s prominent toda y t o the full-blown emergenc e of "scienc e 
counselors." Scienc e counselors , unlik e visibl e an d regulator y scientists , 
do no t leav e th e scientifi c communit y t o participat e i n publi c debat e 
and decisio n making . The y ar e ordinar y researcher s i n government , i n 
universities, an d i n privat e institution s wh o becom e informe d abou t 
potential socia l issue s raised b y their wor k an d shap e their work i n ligh t 
of those issues . Whereas visible and regulator y scientist s are doing policy 
work, science counselors ar e doing science. 

Because o f thi s difference , th e closes t analogu e t o th e scienc e coun -
selor i s no t th e visibl e o r regulator y scientist . Rather , i t i s th e scienc e 
manager who i s concerned wit h budget s and th e laboratory's output . 

Much researc h depend s o n governmen t funding , s o th e writin g o f 
grant an d budge t request s has become a n art . Budgetary decision s shap e 
the typ e o f researc h done , an d scienc e manager s ar e ofte n a t th e inter -
face, urgin g thei r lab s t o d o wor k tha t look s attractiv e an d urgin g 
agencies to see the lab's work a s irresistible. Science managers i n govern -
ment hav e considerabl e experienc e i n dealin g wit h th e sometime s prob -
ing question s o f th e Offic e o f Managemen t an d Budget . Manager s i n 
industry, b y th e sam e token , mus t sho w tha t scientifi c wor k will  some -
day, somehow lea d t o profits. 55 

Scientists working on thi s borderline find the job difficult , bu t budget -
ary constraint s ac t i n a  broadbrus h manner . Whe n cance r researc h be -
came enormousl y popular , a  grea t dea l o f scienc e becam e know n a s 
cancer research . Th e scienc e counselo r i s going a  ste p beyon d th e tradi -
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tional scienc e manager wh o says "fun d m y lab—it wil l pay off. " Scienc e 
counselors tel l thei r la b no t t o follo w th e roa d mos t likel y t o produc e a 
new sourc e o f energ y bu t t o follo w th e roa d mos t likel y t o produc e a 
new, nonpollutin g sourc e o f energ y usin g ra w materia l availabl e i n 
America. 

More fundamentally , scienc e counselor s ma y no t hea d a  la b o r a 
research team . The y ma y b e ordinar y scientist s wh o hav e absorbe d th e 
notion o f socia l constrain t int o thei r ver y concep t o f wha t a  scientis t 
does. Instead of grumbling about environmental o r economic restriction s 
being impose d o n thei r wor k b y outsid e forces , the y hav e mad e thos e 
restrictions par t o f thei r professiona l ethic . 

Pursuing scienc e fo r it s utility , rathe r tha n fo r th e pur e expansio n o f 
knowledge, ha s alway s cause d tensio n fo r scientists . Th e tensio n be -
comes greate r a s regulator y requirement s sharpl y defin e th e notio n o f 
utility. 

The valu e syste m o f th e scienc e counselo r ca n b e contrasted wit h th e 
value system s o f traditiona l scientist s an d lawyers . The traditiona l pur e 
scientist i s primarily concerne d wit h testabl e knowledg e abou t th e natu -
ral world . Progres s i s defined a s growth i n ou r collectio n o f tha t knowl -
edge, an d honor s g o t o th e scientis t wh o establishe s priorit y i n addin g 
something t o tha t collection . Th e result s o f scientifi c researc h ar e ulti -
mately pu t a t th e disposa l o f societ y fo r goo d o r ill . Whe n traditiona l 
scientists work o n a  mission-oriented project , thei r search i s for th e mos t 
scientifically attractiv e solution—th e on e tha t mos t quickl y an d neatl y 
resolves th e scientifi c problem s presented . Traditiona l scientist s ma y 
have stron g mora l concerns . They may , fo r example , declin e t o wor k i n 
a field  becaus e o f it s implication s fo r weaponry . Bu t thi s i s a n all-or -
nothing judgment—onc e scientifi c wor k begins , scientifi c value s dom -
inate. 

Lawyers i n a  scienc e polic y disput e o r elsewher e ar e primaril y con -
cerned wit h representin g thei r clien t an d protectin g th e integrit y o f th e 
decision proces s itself . Progres s i n th e scientifi c sens e i s no t a  majo r 
factor—lawyers ar e ofte n indifferen t t o whethe r th e worl d i s bette r of f 
if thei r clien t wins . They ma y eve n doub t whethe r "socia l progress " i s a 
meaningful phrase . Lawyers believe , instead, tha t societ y ca n bes t peace -
fully resolv e its disputes i f process values are paramount . 

The science counselor reject s th e lawyer' s agnosticism . There mus t b e 
progress i f scienc e i s t o b e worthwhile . Bu t th e scienc e counselo r als o 
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rejects th e traditiona l scientist' s notio n o f progres s a s simply th e expan -
sion o f knowledge . Fo r th e scienc e counselor , progres s i s socia l prog -
ress—the creatio n o f sociall y acceptabl e technolog y tha t serve s the pub -
lic b y makin g life , o n balance , mor e comfortabl e an d serve s scienc e b y 
assuring a  continue d deman d fo r research . Th e scienc e counselo r ca n 
argue a t time s tha t th e searc h fo r sociall y acceptabl e progres s wil l lea d 
to interestin g ne w area s o f scientifi c research , bu t th e desir e fo r socia l 
acceptability ma y lea d t o a n emphasi s b y scientist s o n area s tha t ar e 
scientifically no t ver y interestin g bu t sociall y quit e important . Th e bot -
tom lin e i s tha t progres s ha s bee n redefine d awa y fro m th e pur e scien -
tific model . 

For generations , engineer s hav e chide d scientist s fo r framin g grea t 
theories wit h littl e concer n fo r ho w the y coul d b e applied . I n buildin g a 
skyscraper, engineer s ar e a  lo t mor e usefu l tha n scientists . Th e scienc e 
counselor, i n a  sense , i s respondin g t o thi s kin d o f criticism , bu t fro m 
the lega l no t th e engineerin g poin t o f view . Scienc e counselor s are , i n 
part, trying to make science fit social constraints . 

Science counselors , nonetheless , mus t b e scientists . A  lawye r i n thi s 
role woul d lac k credibilit y wit h scientists , lac k intimat e knowledg e o f 
research, an d lac k th e fait h i n progress , howeve r dilute , tha t mark s th e 
work o f the science counselor. The science counselor embraces , howeve r 
reluctantly, the legal constraints tha t mar k moder n America n society . By 
altering researc h t o fit  thos e constraints , th e scienc e counselo r seek s t o 
mesh scienc e and society . 

The science counselor's work shoul d no t be confused wit h technolog y 
assessment. A s generall y practiced , technolog y assessmen t come s to o 
late.56 Various earl y warning system s are used b y technology assessmen t 
organizations t o forese e an d shap e technologica l development . Scien -
tists, engineers , lawyers , an d socia l scientist s engag e i n technolog y as -
sessment, wherea s Congres s relie s o n technolog y assessmen t t o narro w 
the regulatory gap . 

Technology assessment , however , i s caugh t i n th e middle . I t come s 
after million s hav e bee n investe d i n researc h an d developmen t an d mo -
mentum ha s begu n behin d variou s approaches . Moreover , b y th e tim e 
technology assessmen t get s underway , rea l regulation , whethe r throug h 
legislation o r litigation , has often begun . Under thes e circumstances, i t is 
not surprisin g tha t technolog y assessmen t organizations , suc h a s th e 
congressional Offic e o f Technolog y Assessment , typicall y hav e onl y ad -
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visory powers . The y d o valuabl e studie s an d ai d publi c debate , bu t th e 
vital publi c decision s ar e mad e elsewhere . Th e scienc e counselor , b y 
coming ont o th e scen e earlie r an d shapin g th e researc h itself , wil l avoi d 
the irrelevanc e tha t i s ofte n th e fat e o f technolog y assessment . A s on e 
public polic y analys t ha s said , i n th e futur e th e bes t scientist s mus t 
master polic y issues , even thoug h thi s wil l "tak e tim e an d energ y awa y 
from thei r scientifi c work." 57 

Superconductivity and  the  Science  Counselor 

The emergenc e o f th e scienc e counselo r ha s bee n an d wil l remai n a 
gradual process . Th e origin s o f th e moder n scienc e counselo r ca n b e 
traced mos t directl y t o the late 1960 s when th e regulatory ga p grew an d 
the threa t t o scienc e sharpened , partl y a s a  resul t o f th e environmenta l 
and antiwa r movements . I n recen t year s publi c debate s o n a  variet y o f 
issues hav e bee n informe d b y th e participatio n o f scienc e counselors . A 
good exampl e i s the emerging field of superconductivity. 58 

Superconductivity i s electricity without resistance , the transmission o f 
electrical curren t withou t energ y loss . Discovere d i n 1 9 n b y a  Dutc h 
physicist, superconductivit y wa s fo r seventy-fiv e year s observe d onl y a t 
near absolute zero temperatures. By 1973, for example , the phenomeno n 
was possibl e onl y a t minu s 41 8 degree s Fahrenheit , sharpl y limitin g 
technological applications . 

In Apri l 1986 , however , tw o physicist s a t th e IB M Zuric h Researc h 
Laboratory submitte d fo r publicatio n experimenta l result s showin g tha t 
in a  cerami c compoun d superconductivit y ha d bee n observe d a t minu s 
397 degree s Fahrenheit . Othe r scientist s joine d th e searc h usin g simila r 
compounds, an d th e relevan t temperatur e bega n jumpin g upward . Al -
though i t i s no t certain , ther e i s no w hop e tha t superconductivit y ma y 
become availabl e unde r prope r condition s a t temperature s achievabl e 
with ordinar y commercia l refrigerants , an d perhap s eve n a t roo m tem -
perature.59 

Various agencie s o f th e federa l government—includin g th e Depart -
ments o f Energ y an d Defense , an d th e Nationa l Scienc e Foundation — 
had lon g funde d superconductivit y research . Bu t wit h th e recen t ad -
vances, funding level s have increased sharply. 60 

The potential practica l benefit s o f superconductivit y ar e considerable . 
At presen t whe n electricit y i s transmitted, a s muc h a s 2 0 percen t o f th e 
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energy i s los t i n th e for m o f hea t generate d b y resistanc e i n th e wire . A 
superconductivity cabl e coul d eliminat e tha t loss , reducin g th e cos t o f 
electricity. Eliminatin g th e hea t cause d b y resistanc e coul d als o mak e 
possible smalle r an d faste r computers , becaus e presentl y effort s t o scal e 
down computer s ar e limited b y hea t production . Superconductor s coul d 
also be used i n electromagnets t o generat e intens e magneti c fields,  open -
ing up possibilities, including magnetically levitate d trains. 61 

There has been no shortage of media excitemen t ove r superconductiv -
ity—the medi a typicall y emphasize s scientifi c breakthrough s an d ofte n 
presents them i n the mos t glowing form. 62 An d indeed , the race to mak e 
progress i n superconductivit y wa s a n extraordinaril y excitin g huma n 
as wel l a s scientifi c process , a s abl y conveye d i n Rober t Hazen' s The 
Breakthrough. Bu t ther e will , o f course , b e difficul t decision s dow n th e 
road a s superconductivity move s into technologica l applications . 

For example , som e o f th e recen t advance s i n superconductivit y hav e 
relied o n material s tha t contai n yttrium , a  so-calle d rar e earth . Yttriu m 
is not, i n fact , rare , an d increase d use s o f superconductivit y will  requir e 
increased productio n o f it . Yttriu m i s ofte n foun d i n monazit e ore , 
which i s presentl y mine d an d processe d fo r variou s purposes . I f super -
conductivity turn s ou t t o mea n increase d wor k wit h monazit e ore , a 
rather dramati c exampl e o f th e regulatory ga p i s in the offing. Monazit e 
ore i s a low-level radioactiv e compound . I n Apri l 1986 , the same mont h 
the IBM physicists submitted thei r findings  o n cerami c superconductors , 
a federa l cour t handed dow n a  decision i n ongoing litigation brough t b y 
William Merklin , an employee of Raw Earths , Inc.63 None of the breath -
less pres s account s o n superconductivit y mentio n Mr . Merklin ; indee d 
he did no t wor k wit h superconductor s o r eve n wit h yttrium . Bu t he di d 
work o n processin g monazit e or e an d h e di d contrac t cance r o f th e 
larynx, throat , an d lymp h nodes , perhap s fro m hi s exposur e t o th e 
radioactive ore . I n th e cours e o f it s decision , whic h hel d tha t Mr . Mer -
klin migh t have a  viable claim fo r damages , the court foun d tha t "radio -
active monazit e or e an d it s refine d derivative s ar e dangerou s products " 
for purpose s o f certain lega l theories. 64 

Of course , this particular ris k with superconductivit y ma y never com e 
to pass. But it is quite likely that in practice the applications of supercon -
ductivity will  rais e a  variet y o f healt h an d safet y issues . Thalliu m an d 
mercury, fo r example , ar e othe r possibl e component s i n commercia l 
superconductors, an d bot h ar e quite toxic. 65 
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So unless something changes , the regulatory ga p will  take it s toll onc e 
again. Som e scientist s d o no t se e i t coming ; afte r all , som e o f the m 
reacted t o development s concernin g mercury-base d superconductor s 
with enthusiasm , sayin g thes e material s hav e "bot h intrinsi c scientifi c 
interest an d overlappin g technologica l potential " withou t eve r men -
tioning the toxicit y o f mercury. 66 Bu t there does appea r t o b e change o n 
the horizon . Wit h superconductivity , scienc e counselor s hav e begu n t o 
emerge. I n fact , wit h al l th e hyperbol e surroundin g superconductivit y i t 
is primaril y scientist s wh o hav e sounde d note s o f caution . Dr . Joh n 
Hulm, fo r example , director o f corporat e researc h an d plannin g a t Wes-
tinghouse, ha s sai d tha t h e ha d "neve r see n th e countr y s o hysterica l 
about a  ne w technology . It' s puzzlin g an d a  littl e dangerous . W e ar e 
creating expectation s tha t ma y no t b e realized." 67 Conside r a s wel l th e 
views of Massachusetts Institut e of Technology (MIT ) professor H . Ken t 
Bowen an d o f Dr . Siegfried Hecker , directo r o f the Los Alamos Nationa l 
Laboratory. Bot h hav e stressed tha t i f the United State s is to be competi -
tive i n en d product s usin g superconductivit y w e mus t lin k scientifi c 
progress wit h manufacturin g technolog y t o ai d i n ultimat e commercial -
ization. Bowe n ha s stresse d th e nee d t o minimiz e uncertaintie s abou t 
commercial applications , an d Hecke r ha s sai d explicitl y tha t w e canno t 
"disconnect" researc h fro m manufacturin g an d marketing. 68 In  the sam e 
vein, R. J. Cava, a  researcher a t AT&T Bel l Laboratories, has questione d 
whether toxi c superconductor s will  eve r b e widel y usabl e an d ha s dis -
cussed th e relativ e publi c acceptanc e o f mercur y a s oppose d t o 
thallium.69 

The mos t dramati c development concernin g the socia l implications o f 
superconductivity ha s bee n th e creatio n o f a  consortiu m linkin g Ameri -
can Telephon e &  Telegraph , Internationa l Busines s Machines , th e Mas -
sachusetts Institut e o f Technology , an d th e Lincoln Laboratories , a  gov-
ernment-sponsored MI T lab . Thi s organizatio n i s designe d t o giv e th e 
United State s th e lea d i n commercializin g superconductors . I t gre w ou t 
of th e recommendatio n o f a  Whit e Hous e Scienc e Counci l Committee , 
chaired b y Ralp h E . Gomory , IB M senio r vic e president fo r scienc e an d 
technology.70 Tha t White House committee concluded : 

We believ e th e optima l wa y t o procee d i s t o tak e advantag e o f th e scientifi c 
strength a t universitie s and government laboratories an d infuse i t with detaile d 
knowledge of applications . This knowledge i s resident i n industry . This i s best 
done if the three institutions, university, industry and government, work together 
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to develo p goal s an d t o jointl y suppor t them , manag e them , an d revie w the m 
for progress.71 

Saying tha t w e shoul d tak e th e scientifi c strengt h a t universitie s an d 
government an d infus e "it " wit h a  detaile d appreciatio n o f application s 
obscures a  basi c point . I t i s people—basi c scientifi c researchers—wh o 
will b e infuse d wit h thi s practica l knowledge . An d i t i s thei r work — 
their science—tha t wil l be altered . 

Thus wit h superconductivit y w e ar e seein g the beginnin g o f a  syste m 
in whic h scienc e counselor s shap e researc h fo r socia l ends . A t present , 
we ar e i n a  transitiona l stage . I n th e chapter s tha t follow , w e wil l se e 
scientific development s i n genetics , fusion , an d artificia l intelligenc e tha t 
are headin g fo r th e regulator y gap . Althoug h scienc e counselor s ar e 
attempting t o softe n th e blow , i t remains tru e tha t promise s o f dramati c 
technological impac t fa r outstri p th e reality . A t th e sam e time , thes e 
scientific advance s ar e shapin g ou r value s eve n a s thei r practica l conse -
quences remai n surprisingl y distant . 


