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Introduction 

America's relationshi p wit h scienc e i s paradoxical. O n th e one hand, w e 
proudly suppor t basi c researc h tha t yield s stunnin g breakthrough s an d 
Nobel Prizes . W e the n relis h th e ensuin g debat e abou t th e implication s 
of scientifi c advances . Wil l geneti c engineering chang e ou r basi c nature ? 
Will artificia l intelligenc e challeng e ou r sens e of huma n uniqueness ? O n 
the othe r hand , th e actua l implementatio n o f ne w technolog y i s ofte n 
slow an d sporadic . Th e technologie s tha t wer e suppose d t o provid e 
abundant energy , inexpensive medica l care , and a  new sense of humanit y 
always seem a  few year s away . The resul t i s grumbling abou t a  wastefu l 
and uncompetitiv e America n economy . 

The caus e o f thi s parado x i s th e subjec t o f thi s book . Th e slippag e 
between th e promis e o f America n scienc e an d th e realit y o f commercia l 
technology ha s triggered nationa l debate . Some blame government regu -
lation fo r th e burdens on technology; other s cal l for governmen t suppor t 
of new products i n an effor t t o mimic Japan. 

But the roots of the paradox li e deeper in the soil of American society . 
Government "regulation " an d "support " d o no t appea r b y magi c o r 
disappear b y fiat.  Understandin g ou r situatio n require s a  detaile d loo k 
at the intersection o f tw o cultures—la w an d science—rarel y considere d 
in tandem. Thei r relationshi p encompasse s fa r mor e than a  court injunc -
tion agains t a  powe r plant ; i t shape s th e entir e proces s fro m basi c 
research t o publi c debat e abou t value s t o th e implementatio n o f ne w 
technology. Our analysi s will show the fundamental strength s and weak -
nesses o f ou r research-and-developmen t syste m a s wel l a s explai n wha t 
measures coul d alleviat e th e curren t ga p betwee n promis e an d perfor -
mance in American science . 

i 

.
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The boo k begins , i n thi s chapte r an d th e next , b y lookin g a t th e 
dominant positio n o f la w an d scienc e i n America n cultur e an d a t th e 
characteristic way s o f though t o f lawyer s an d scientists . Th e proces s 
orientation o f lawyer s i s contrasted wit h th e progres s orientatio n o f sci -
entists. 

We tur n next , i n chapter s 3  an d 4 , t o th e lega l statu s o f America' s 
basic researc h effort . W e demonstrat e ho w th e Constitutio n an d th e 
relevant statute s provid e extraordinary suppor t fo r basi c science and fo r 
the centra l rol e o f th e scientifi c communit y i n controllin g th e directio n 
of research . Th e lega l community , includin g th e courts , i s see n t o b e 
remarkably wea k i n this area . 

Chapter 5  look s a t th e lega l statu s o f religion , a  possibl e counter -
weight t o th e scientifi c perspective . I n th e America n lega l system , how -
ever, religio n fare s poorl y whe n i t conflicts  wit h science ; consequently , 
not onl y scientifi c researc h bu t scientifi c perspective s o n mora l issue s 
permeate ou r culture . 

Chapter 6  turns t o th e commercializatio n o f technolog y an d demon -
strates tha t her e the constitutional an d statutor y syste m put s the lawyer s 
firmly i n charge . Th e scientifi c worl d view , fa r fro m bein g dominant , i s 
a margina l factor . Th e resul t i s what I  call th e regulatory  gap,  th e caus e 
of th e screechin g hal t tha t ofte n greet s ne w idea s tha t fare d wel l i n th e 
scientific worl d bu t no t s o wel l i n th e worl d o f th e lawyers . Th e para -
digmatic cas e o f nuclea r energ y i s amon g thos e considered . Th e emer -
gence of wha t I  term th e science counselor  i s also described, a s scientist s 
attempt t o bridg e th e regulator y ga p b y bringin g socia l concern s int o 
play earlie r i n the research process . 

Chapters 7 , 8 , an d 9  presen t cas e studie s o f th e huma n genom e 
initiative, nuclea r fusion , an d artificia l intelligence . I n eac h situation , 
dramatic researc h i s shapin g ou r hope s an d ou r values . Bu t i n eac h 
case, th e regulator y ga p loom s dea d ahea d a s th e controversia l socia l 
consequences o f ne w technology , processe d throug h th e lawyers ' adver -
sary model , mak e restriction s an d delay s inevitabl e i n ou r pluralisti c 
society. W e se e a s wel l tha t scienc e counselor s ar e a t wor k i n al l thre e 
areas limiting our expectation s an d boostin g public approval fo r sociall y 
acceptable technology . Chapte r 1 0 conclude s wit h a  summar y o f th e 
relationship betwee n la w and scienc e in America an d a  set of suggestion s 
for strengthenin g th e rol e o f scienc e counselor s withou t imperilin g pur e 
research. 
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Underlying ou r entir e treatment i s the reality tha t scienc e and la w ar e 
central feature s o f th e America n socia l an d cultura l landscape . Wit h 
science, th e evidenc e i s clear—fro m th e Enlightenmen t goal s o f th e 
framers o f ou r Constitutio n t o th e lates t proposal s t o "fix " ou r socia l 
problems, th e scientifi c worl d vie w ha s lon g influence d America n way s 
of though t an d policy-making. 1 Th e scientifi c stres s o n progres s an d o n 
the ne w ha s matche d th e America n etho s a t man y points. 2 A s a  result , 
pure scientist s enjoy a  more favored rol e in the United State s than i n any 
other society . References t o the "scientifi c establishment " i n America ar e 
routine; indee d Ralp h Lap p too k th e nex t ste p an d calle d scientist s "th e 
new priesthood." 3 

At thi s poin t i t i s customary t o not e tha t scientifi c perspective s fac e a 
humanistic riva l i n shapin g ou r society . The "tw o cultures " idea , popu -
larized decade s ag o by C. P. Snow, has come to stand fo r th e notion tha t 
two way s o f thought—scientifi c an d artistic—compet e fo r authorit y i n 
modern life . The y should , accordin g t o Snow , lear n mor e abou t eac h 
other, bu t they ar e the two dominan t point s o f view. 4 

It i s customar y t o invok e Snow' s tw o cultures , bu t i t i s wrong . Th e 
notion tha t literar y value s operat e a s som e kin d o f equa l counterweigh t 
to scientifi c value s i n moder n America n attitude s an d policy-makin g i s 
simply untenable . I t shoul d b e note d fro m th e outse t tha t th e tw o 
cultures ide a ha s alway s ha d a  distinctl y British , a s oppose d t o Ameri -
can, provenance . I n 1959 , whe n C . P . Sno w delivere d "Th e Tw o Cul -
tures, an d th e Scientifi c Revolution " a s th e Red e Lectur e a t Cambridg e 
University, h e di d discus s Americ a a s wel l a s Grea t Britai n a s sufferin g 
from a  "gul f o f mutua l incomprehension " betwee n scientist s an d hu -
manists.5 Bu t jus t five  year s later , i n hi s "Secon d Look, " Sno w note d 
that i n America th e gulf wa s nowhere nea r a s large as in Great Britain : 

In th e Unite d States , fo r example , th e divid e i s nothin g lik e s o unbridgeable . 
There ar e pocket s o f th e literar y culture , influence d b y th e simila r cultur e i n 
England, whic h ar e a s extrem e i n resistin g communicatio n an d i n ceasin g t o 
communicate; bu t tha t isn' t generall y tru e over the literary cultur e a s a whole, 
much less over the entire intellectual society.6 

But eve n t o tal k abou t "th e literar y cultur e a s a  whole " i n Americ a 
today i s t o tak e a  lea p o f faith . Ther e i s concer n tha t student s receiv e 
humanistic values in their education , bu t the fragmentation o f the Amer -
ican literar y intelligentsi a make s eve n thi s concer n virtuall y impossibl e 
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to satisfy . Pol l an y te n recen t graduate s fro m te n America n colleges . I f 
there ar e tw o seriou s literar y work s tha t hav e bee n rea d b y a  majority , 
your pol l will make history . 

It i s impossibl e her e t o asses s al l o f th e factors , rangin g fro m th e 
mass medi a t o th e natur e o f America n universities , tha t hav e weakene d 
coherent humanisti c value s i n America n life . On e ke y reaso n ma y wel l 
be th e ver y interchang e betwee n scienc e an d literatur e calle d fo r b y 
Snow. Beginnin g i n th e 1930 s an d acceleratin g i n recen t years , literar y 
intellectuals hav e rea d an d talke d a  grea t dea l abou t th e philosophica l 
issues raise d b y modern physics . The notion o f relativit y an d th e proba -
bilistic nature of quantum physic s have given rise to considerable musin g 
about cause , effect , an d reality . Scientists , o f course , althoug h awar e o f 
the philosophica l issues , hav e plowe d o n wit h thei r work , explainin g 
ever mor e o f th e worl d i n term s o f thei r empirica l approach . Man y 
literary intellectuals , however , hav e bee n happ y t o leav e th e fiel d o f 
reality b y sayin g tha t literatur e an d scienc e ar e unite d i n bein g funda -
mentally fictitious  way s of describing the universe. The impact o f thi s on 
education ha s bee n substantial . A s Geral d Graf f ha s written , "student s 
are quic k t o perceiv e tha t thei r [literature ] teacher s n o longe r hol d th e 
naive view that literatur e can explain anything." 7 

Whatever th e reasons , th e progressive , empirica l value s o f scienc e 
utterly overwhel m literar y value s i n America n cultur e today . A s Pete r 
Schuck put i t in his perceptive commentary o n Snow's work, "misunder -
standings betwee n scienc e an d literatur e toda y ar e rathe r a  sideshow , 
peripheral t o the main event." 8 

Even th e socia l sciences—suc h a s economics , politica l science , an d 
psychology—are enormousl y influence d toda y b y th e scientifi c ap -
proach, wit h it s emphasi s o n quantifiable , testabl e results . Indeed , thi s 
may b e ye t anothe r reaso n wh y literar y value s d o no t counterbalanc e 
scientific values . Accordin g t o Gertrud e Himmelfarb , humanist s hav e 
"chosen t o capitulate" t o science , and thus we have seen "th e attempt o f 
political philosoph y t o transfor m itsel f int o politica l science , histor y 
into socia l science , literar y criticis m int o semiotics , an d mos t recently , 
theology int o semantics." 9 

But ther e i s a  limi t t o th e influenc e o f th e scientifi c worl d vie w i n 
America, and tha t limi t opens the door to the legal culture. Science alone 
cannot produc e consensu s o n publi c polic y issues , eve n thoug h thos e 
issues ofte n involv e technica l factors . Whe n a  ne w powe r plan t i s pro -
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posed, citizen s wit h differen t incomes , backgrounds , an d place s o f resi -
dence ca n al l adduc e sophisticate d argument s a s t o wh y thei r position , 
for o r agains t th e plant , i s mor e persuasive . Afte r all , environmenta l 
groups, n o les s tha n industr y groups , rel y o n scientifi c expertise . Th e 
ultimate question s tha t mus t b e resolved i n public policy involv e divers e 
interests an d values , no t scientifi c calculations . I n ou r culture , thes e 
ultimate question s mus t b e resolve d peacefully , i f no t rationally , an d 
divergent interes t group s mus t b e heard , eve n i f the y ar e no t al l equall y 
expert. 

In th e resultin g cultur e o f disput e resolution , th e lawyer s ar e king . I t 
is a commonplace observation (an d a  correct one) that lawyers dominat e 
modern America n legislatures , stat e houses , an d governmen t agencies , 
and mos t public issues end up , in whole o r in part , i n court . I t is also a n 
old observation , goin g back no t only to de Tocqueville i n 1835, 10 but t o 

Edmund Burke , wh o tol d th e Hous e o f Common s i n 177 5 tha t i n th e 
American colonie s th e lega l profession "i s numerou s an d powerful ; an d 
in mos t province s i t take s th e lead." 11 A s t o wh y la w i s s o vita l i n 
America ther e ar e as many theorie s a s there are for th e lack o f vitality i n 
the literar y culture . La w ma y hav e benefited , fo r example , fro m th e 
nature o f America n democracy , fro m th e heterogeneit y o f America n 
society, an d fro m th e absenc e o f a n America n aristocracy. 12 I n an y 
event, a  matur e an d powerfu l lega l syste m i s i n plac e a s th e primar y 
social testin g groun d fo r scientifi c development s wit h polic y implica -
tions. There are , to be sure, rival arts . In recent decades, business school s 
and publi c polic y school s hav e begu n t o produc e polic y analyst s o f 
various stripe s seekin g a  majo r sa y i n scienc e polic y decisions . I t i s to o 
early t o sa y whether thes e disciplines o r som e combinatio n o f the m wil l 
someday provid e a  coheren t alternativ e framewor k t o th e lega l syste m 
for resolvin g importan t socia l disputes . A t presen t the y d o not . Thei r 
insights toda y ar e ofte n importan t onl y t o th e exten t t o whic h the y ca n 
be brough t t o bea r i n a  lega l proceeding . A  government officia l ma y b e 
upset whe n a  mem o run s int o problem s wit h a  polic y analyst . Thi s 
official's situatio n i s muc h worse , however , whe n th e mem o run s int o 
problems with th e general counsel . 

Thus i t i s la w an d scienc e toda y tha t provid e th e centra l fram e o f 
reference fo r th e polic y dispute s brough t o n b y advance s i n research . 
Under th e circumstances , we begin b y looking a t th e ways of though t o f 
lawyers and scientists . 
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Lawyers an d Scientist s 

For man y year s I  have begu n my  law an d scienc e seminar b y askin g th e 
students t o writ e dow n th e nam e o f th e mos t brillian t perso n wh o eve r 
lived. I  instruc t the m t o writ e th e first  nam e tha t come s t o min d usin g 
whatever definitio n o f brillianc e the y like . I  then collec t thei r response s 
and rea d the m aloud . The y alway s fal l int o th e sam e categories . Scien -
tists predominate , le d b y Einstei n an d Newton , bu t Shakespear e an d 
Mozart d o rathe r wel l too . Ther e i s ofte n a  smatterin g o f suppor t fo r 
da Vinci , an d I  have see n occasiona l vote s fo r Plato , Freud , an d man y 
others. Ther e i s one thing , however , o f whic h I  can b e absolutel y sure : 
No on e eve r name s a  lawyer—n o Brandeis , n o Mansfield , n o Holmes , 
no Cardozo . M y student s ar e al l i n la w school , s o i t canno t b e fro m a 
lack o f familiarit y wit h grea t lawyer s an d jurists . No r i s thi s resul t 
limited t o la w students . I  hav e aske d th e sam e questio n o f scientists , 
musicians, an d others , an d th e resul t i s alway s th e same . N o on e eve r 
names a  lawyer . 

Having rea d alou d thei r responses , I  ask th e student s wh y scientist s 
are ofte n though t t o b e brillian t bu t lawyer s rarel y ar e considere d so . A 
few possibilitie s ar e quickl y eliminated . I t canno t b e tha t ther e i s on e 
continuum o f intelligenc e o n whic h scientist s ran k higher . I f tha t wer e 
so, a  grea t scientis t woul d inevitabl y mak e a  grea t lawye r o r judge— a 
proposition fe w ar e read y t o support. 1 Indeed , th e occasiona l foray s o f 
scientists int o othe r discipline s mak e i t clea r tha t fo r some , scientifi c 
ability implie s ver y littl e abou t abilit y i n othe r fields.  Isaa c Newton' s 
historical writings , fo r example , ar e somethin g o f a n embarrassmen t t o 
his admirers . Thus th e biographe r Edwar d Andrade , who regard s New -

6 

.



LAWYERS AN D SCIENTIST S •  7 

ton a s "on e of the greatest names in the history o f human thought, " say s 
of Newton' s Chronology  of  the  Ancient  Kingdoms  Amended,  " I a m 
afraid n o on e read s i t nowaday s o r woul d tak e i t ver y seriousl y i f the y 
did. Newton though t tha t he could no t be more than twenty years wron g 
with an y o f hi s dates : moder n opinio n i s tha t h e wa s ofte n wron g 
by centuries." 2 

Nor ca n i t b e tha t a  scientist' s contribution s ar e mor e individualisti c 
or uniqu e tha n a  lawyer's . O n th e contrary , a n importan t featur e o f th e 
history o f scienc e i s the prevalenc e o f simultaneou s independen t discov -
ery. I f on e scientis t ha d no t mad e a  breakthrough , ofte n anothe r woul d 
have, i f no t righ t awa y the n perhap s withi n a  decad e o r two . Einstei n 
agreed wit h historian s o f scienc e that th e specia l theor y o f relativit y wa s 
very muc h i n th e ai r amon g scientist s a t th e beginnin g o f th e twentiet h 
century; o n th e othe r hand , th e rol e o f th e U. S Suprem e Cour t wa s 
arguably shape d i n a  fundamenta l wa y b y Chie f Justic e John Marshal l 
in the early nineteenth century. 3 

Progress in  Science 

To explain th e results I  encounter whe n I  take my survey, we look no t a t 
the intelligenc e quotien t o f scientist s an d lawyers , bu t rathe r a t th e 
nature o f scienc e an d law . Scientist s ar e mos t ofte n though t o f a s bril -
liant becaus e scienc e appear s unambiguousl y t o mak e progress . I t ma y 
be a  truism t o sa y tha t scientist s toda y kno w mor e tha n scientist s i n th e 
past, bu t i t i s a truism wit h importan t implications . A n assistan t profes -
sor o f biolog y toda y ma y kno w mor e abou t evolutio n tha n Darwin . 
That doe s no t mea n th e professor i s brighter tha n Darwin , bu t only tha t 
the professo r stand s o n Darwin' s shoulder s an d o n th e shoulder s o f 
many othe r scientists . Becaus e scienc e i s i n thi s sens e cumulative , i t i s 
possible t o sa y tha t a  particular scientis t ha s mad e a n importan t contri -
bution. Scientist s achiev e thi s consensu s o n progres s largel y b y adherin g 
to a  standar d o f testabilit y fo r evaluatin g theories . A  scientist ca n com e 
up wit h a  hypothesi s abou t th e natura l worl d throug h an y proces s a t 
all—systematic study , inspire d speculation , o r fevere d dreams . Bu t tha t 
hypothesis mus t ultimatel y b e subjec t t o controlle d tests , reproducibl e 
by others . A  ne w hypothesi s tha t stand s u p t o testin g an d explain s 
important matter s no t previously understoo d wil l eventually b e accepted 
by other scientists . Thus, a  side effect o f thi s emphasis o n progres s i s an 
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emphasis o n priority—th e on e who first  make s a  discovery i s the one t o 
be rewarded . Th e resul t i s a  communit y i n whic h outstandin g achieve -
ment—brilliance—can b e agreed upo n an d honored. 4 Brillianc e is man-
ifested b y doing something no one has done before . 

Traditional notion s i n the philosophy o f scienc e demonstrate tha t th e 
idea o f "testability " need s t o b e clarified . N o matte r ho w man y time s a 
hypothesis i s "verified" b y a  test, i t remains possible that a  later tes t wil l 
prove i t false. The fac t tha t your ca r has started everyda y does not prov e 
it wil l star t tomorrow . I n thi s sense , science present s u s onl y wit h theo -
ries that fit the available data a s best as possible under the circumstances . 
Those theories may well change as scientists learn more . 

What the n distinguishe s a  scientifi c theor y fro m an y othe r kind ? T o 
the philosopher o f scienc e Kar l Poppe r i t i s "no t th e verifiability  bu t th e 
falsifiability o f a  system " tha t i s a  ke y criterio n o f it s bein g scientific. 5 

Scientific statement s ar e those tha t can , i n principle , b e disproved b y a n 
experimental result . Thi s i s wh y th e vas t majorit y o f scientist s d o not , 
for example , regard astrolog y a s science: 

Astrologers ca n s o hedg e thei r prediction s tha t the y ar e devoi d o f genuin e 
content. We may be told that a person will "tend to be creative" or "tend to be 
outgoing," where the evasiveness of a  verb and the fuzziness o f adjectives serv e 
to insulat e th e clai m fro m repudiation . Bu t eve n i f a  predictio n shoul d b e 
regarded as a failure, astrological devotees can go on believing that the stars rule 
our destinies ; fo r ther e i s alway s som e ite m o f information , perhap s a s t o a 
planet's locatio n a t a  lon g gone time , that ma y b e allege d t o hav e bee n over -
looked.6 

Given thi s approach , i t i s not surprisin g tha t w e use the word science 
primarily whe n w e spea k o f th e natura l sciences . The framin g o f falsifi -
able hypothese s an d th e runnin g o f controlle d experiment s i s fa r mor e 
difficult, perhap s eve n impossible , whe n th e subject s ar e peopl e rathe r 
than chemical s o r protons . I n an y event , fo r purpose s o f thi s book , 
scientists are those seeking cumulative, testable knowledge about natura l 
phenomena. Thes e are people who, when thing s go right,  mak e progres s 
in their chosen field. 

There are important moder n scholar s who challenge this formulation . 
To some, all knowledge i s contingent and dependent on cultural assump -
tions—not jus t th e interpretatio n o f a  literar y text , no t jus t th e conclu -
sions of a n economist , bu t even the laboratory result s of a  scientist.7 Bu t 
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even fro m thi s perspective , scienc e end s u p appearin g a  good dea l mor e 
progress oriented tha n othe r fields o f human endeavor . 

The Kuhn  Critique 

The startin g poin t fo r moder n critique s o f th e idealisti c vie w o f scienc e 
is Thoma s Kuhn' s enormousl y influentia l The  Structure  of  Scientific 
Revolutions* Kuh n introduce d th e ide a o f a  paradigm—a model , suc h 
as Newtonia n physics , tha t i s powerfu l an d successfu l i n explainin g 
phenomena an d attractin g adherents , whil e sufficientl y open-ende d t o 
leave problems tha t researcher s ca n wor k on. 9 Thos e wh o wor k withi n 
an establishe d paradig m d o no t challeng e it s basi c nature . The y labo r 
instead to solve the scientific puzzle s that com e up within the paradigm' s 
assumptions. Kuh n refer s t o thi s "puzzle-solving " activit y a s "norma l 
science."10 Bu t ove r time , researc h result s ma y challeng e a  paradig m 
itself. There then ma y b e a revolutionary change— a paradig m shift—t o 
a new paradigm, such a s Einsteinian physics . 

It i s vita l t o remai n clea r wher e thi s accoun t doe s an d doe s no t 
challenge the classic view of science . "Norma l science " presents n o suc h 
challenge; indeed , Kuh n himsel f describe s norma l scienc e a s " a highl y 
cumulative enterprise , eminentl y successfu l i n it s aim , th e stead y exten -
sion o f th e scop e an d precisio n o f scientifi c knowledge . I n al l thes e 
respects i t fits  wit h grea t precisio n th e mos t usua l imag e o f scientifi c 
work."11 I t i s wit h th e paradig m shif t tha t Kuh n see s somethin g new , 
because "[t]h e transitio n fro m a  paradig m i n crisi s t o a  ne w on e fro m 
which a  ne w traditio n o f norma l scienc e ca n emerg e i s fa r fro m a 
cumulative process , on e achieve d b y a n articulatio n o r extensio n o f 
the ol d paradigm . Rathe r i t i s a  reconstructio n o f th e field  fro m ne w 
fundamentals, a  reconstructio n tha t change s som e o f th e field's  mos t 
elementary theoretica l generalization s a s wel l a s man y o f it s paradig m 
methods an d applications." 12 

Under th e circumstances , accordin g t o Kuhn , choice s betwee n a n ol d 
and a  ne w paradig m "ca n neve r b e unequivocall y settle d b y logi c an d 
experiment alone." 13 Th e dat a will  ofte n largel y fit  eithe r paradigm , a t 
least i n the early stage s o f th e revolution , an d choice s mus t b e informe d 
by other factors . Som e suggest , fo r example , that a  theory's "simplicity " 
will attrac t scientist s t o it , a  possibilit y tha t introduce s a  "naggin g sub -
jectivity" int o th e decisio n a s to wha t count s i n favo r o f a  hypothesis. 14 
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Kuhn ha s argue d tha t a  theor y wil l b e judge d i n par t b y whethe r i t i s 
fruitful i n th e sens e o f settin g fort h a  ne w researc h agenda, 15 anothe r 
factor tha t depart s fro m a  strict emphasis on laborator y results . 

Kuhn's notio n o f paradigm shift s ha s not gone unchallenged b y histo-
rians o f science , som e o f who m stil l maintai n tha t scienc e proceed s i n 
increments rathe r tha n throug h revolutionar y shifts. 16 Bu t eve n withi n 
Kuhn's approac h i t i s remarkable ho w muc h o f th e traditiona l mode l o f 
science i s preserved . Thi s i s sometime s obscure d whe n peopl e tos s 
around th e notio n o f "paradig m shift " outsid e o f th e natura l sciences , 
and find  suc h shift s o n a  monthl y basi s wit h littl e t o choos e betwee n 
the ol d an d th e ne w paradigm . Thi s i s no t th e sor t o f thin g Kuh n wa s 
writing about , an d thos e wh o rea d The  Structure  of  Scientific  Revolu-
tions i n it s entiret y find  tha t Kuh n marvele d a t th e coherenc e o f th e 
scientific community , a  communit y tha t ultimatel y reache s consensu s 
on whic h paradig m shoul d b e followed . Thus , t o Kuhn , th e vita l ques -
tions a t th e en d are , "Wh y shoul d progres s als o b e th e apparentl y 
universal concomitan t o f scientifi c revolutions ? .  . .  Wh y shoul d scien -
tific communitie s b e able to reach a  firm consensus unattainabl e i n othe r 
fields?"17 Kuh n speculate s that the key is precisely that choices in science 
are mad e no t "b y head s o f state " o r "th e populac e a t large, " bu t rathe r 
by a  "well-define d communit y o f th e scientist' s professiona l com -
peers."18 

After Kuhn , an d t o som e exten t independen t o f hi s work , othe r 
scholars hav e applie d deconstructionis t technique s i n a n effor t t o sho w 
that scientifi c knowledg e i s as culturally contingen t a s an y othe r kind. 19 

In thi s literatur e also , however , ther e i s recognitio n tha t th e scientifi c 
community i s remarkabl y adep t a t definin g itsel f an d a t adjudicatin g 
what i s and i s not goo d scienc e fro m it s own professiona l perspective. 20 

Indeed, the argument tha t scientifi c knowledge i s "constructed" an d thu s 
not objectivel y tru e i n som e ultimat e philosophica l sens e strengthen s 
rather tha n weaken s th e rol e o f th e scientifi c communit y i n self-defini -
tion. Th e critiqu e doe s ope n th e doo r t o alternat e account s o f wha t 
ought t o b e considere d goo d science , bu t thos e account s hav e ha d re -
markably littl e impac t i n th e mainstrea m scientifi c communit y o r i n 
public perceptions o f tha t community . 

In an y event , i t i s no t necessar y t o resolv e th e ultimat e philosophica l 
status o f scienc e t o procee d wit h ou r inquiry . Th e scientifi c communit y 
will neve r persuad e everyon e tha t it s approac h i s a  sur e rout e t o an y 
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ultimate reality . Skeptics , fro m th e ancien t Greek s t o th e present , hav e 
asked whethe r scienc e tell s u s mor e abou t th e outsid e worl d o r abou t 
ourselves. Scientist s ma y pu t grea t emphasi s o n testabl e propositions , 
but whether on e should d o tha t i s not itsel f testable . What w e can sa y is 
that i n ou r societ y toda y scienc e i s a  remarkabl y well-define d activit y 
with a  vigorous ban d o f practitioner s wh o d o experiment s (no t philoso -
phy) an d wh o appea r t o accumulat e vas t knowledg e abou t th e natura l 
world. I t als o appear s beyon d reasonabl e doub t tha t thi s scientifi c com -
munity i s of grea t importanc e t o American societ y a t large . 

Thus th e centra l realit y fro m ou r perspectiv e i s tha t th e scientifi c 
community i n America toda y i s a self-governing republic . Scientists , no t 
governments o r voters , decid e wha t i s goo d an d wha t i s ba d science . 
Entrance into this scientific communit y depend s on rigorous professiona l 
training, whereas high standin g in that communit y i s evidenced b y mem-
bership i n group s suc h a s th e Nationa l Academ y o f Science s an d th e 
science facultie s a t majo r universities . Th e scientifi c communit y i s no t 
equally unite d o n al l issues . Ther e ar e cutting-edg e issue s o n whic h 
scientists ar e deepl y divide d o r a t leas t conced e tha t scienc e ha s no t a s 
yet reache d a  clea r conclusion . I n othe r areas , however , scientist s are , if 
not unanimous , the n nearl y so . Th e scientifi c communit y retain s it s 
internal authorit y b y agreein g tha t i f individual s disagre e o n to o man y 
of thes e basi c points , they ar e expelle d fro m th e community . I t i s barely 
possible t o b e a  membe r i n goo d standin g o f th e America n scientifi c 
community toda y i f you disbeliev e in evolution o r believ e in laetrile . I t is 
impossible to be a member i f you hol d bot h views. 21 

The Limited  Role  of  Practical  Applications 

Viewing scientist s a s member s o f a  professiona l communit y wh o lov e 
progress ma y appea r t o leav e ou t a  centra l featur e o f th e scientifi c 
endeavor: th e emphasi s o n utility , o n th e technolog y tha t grow s ou t o f 
science an d benefit s th e publi c a t large . Man y scientist s d o car e greatl y 
about th e ultimat e practica l impac t o f thei r work , bu t tha t concer n i s 
often secondar y t o th e fundamenta l searc h fo r knowledge . Practica l 
utility i s a n uncertai n basi s fo r performin g basi c researc h because , a s 
many scientist s ar e aware , th e lin k betwee n scienc e an d technolog y i s 
much mor e complex tha n th e public usually supposes . The lin k betwee n 
basic scienc e an d technolog y i s ofte n uncertai n an d indirect , an d th e 
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technology tha t result s i s sometimes , fro m th e scientists ' poin t o f view , 
undesirable. 

The uncertaint y i n th e science-technolog y connectio n ha s thre e dis -
tinct aspects . First , man y area s o f scientifi c researc h tur n ou t t o b e 
unproductive i n scientifi c terms , le t alon e i n term s o f practica l impact . 
There ar e n o certaintie s i n explorin g th e unknow n an d som e researc h 
simply doe s no t succeed . Second , eve n whe n researc h doe s resul t i n a 
scientific advance , that i s no guarantee of a  practical payoff . Few discov-
eries have been more historic in intellectual terms than Einstein' s genera l 
theory o f relativity , whic h concern s th e fundamenta l structur e o f th e 
universe. The genera l theory , however—unlik e Einstein' s specia l theor y 
of relativity , whic h le d t o nuclea r energy—ha s ha d n o practica l techno -
logical application s i n everyda y life . Finally , eve n whe n a  scientifi c the -
ory does lead to important applications , they may be distant application s 
never imagined b y the theorist . When Einstei n published hi s initial wor k 
on th e specia l theor y o f relativity , h e ha d n o ide a i t woul d ultimatel y 
lead to nuclea r power . Hi s first  paper concerne d fundamenta l propertie s 
of matter , space , an d time ; eve n h e di d no t se e the relate d energy-mas s 
equivalence an d it s implications fo r severa l years. 22 

Finally, th e science-technolog y lin k i s no t direct . I t i s rar e fo r a 
scientific discover y t o immediatel y lea d t o a  ne w device . Mor e ofte n i t 
takes a  chai n o f scientifi c discoverie s an d engineerin g advance s t o brin g 
a produc t t o fruition . Indeed , althoug h i n theory invention s ma y alway s 
rely o n som e underlyin g scientifi c principle , man y inventor s hav e littl e 
or n o knowledg e o f scientifi c theor y an d rel y instea d o n thei r ow n 
intuitive idea s abou t improvin g previou s inventions . Numerou s studies , 
including thos e relate d t o sophisticate d post-Worl d Wa r I I militar y in -
ventions, sho w tha t man y invention s ar e base d primaril y o n earlie r 
technology rathe r tha n o n science. 23 O f course , scientifi c theorie s ma y 
ultimately provid e a  ful l explanatio n o f wh y a  devic e works , bu t tha t i s 
hardly a n argumen t fo r th e direc t utilit y o f science . Cook s hav e know n 
for centurie s that chicken soup makes you feel better ; a  modern scientifi c 
explanation o f why that i s so does not improve the world's cuisine . 

Moreover, eve n i n thos e area s wher e th e practica l implication s o f 
science are enormous , scientist s ma y b e reluctant t o boas t abou t the m i f 
those implications ar e undesirable. Scientist s cannot contro l ho w societ y 
uses newly discovered powers and many scientists would oppose some of 
those uses , such a s new weaponry , tha t societ y chooses . Thus, althoug h 
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scientists migh t defen d thei r wor k o n th e groun d tha t ne w discoverie s 
are inevitabl e an d ther e i s n o tellin g wher e the y wil l lead , tha t i s ver y 
different fro m doin g the research primaril y becaus e of its social impact . 

In sum , wherea s scienc e ca n directl y ai d society , traditiona l scientist s 
cannot rel y o n tha t a s a  sol e o r eve n fundamenta l motivatio n fo r thei r 
work. Reference s t o th e unbreakabl e lin k betwee n scienc e an d technol -
ogy are useful a t budge t time , but no t a s useful a s a central value fo r th e 
working scientist . 

The imag e o f th e scientist' s value s tha t emerge s here—th e lov e o f 
progress, th e cautio n abou t utility—wa s wel l illustrate d i n J . Rober t 
Oppenheimer's speec h t o th e Associatio n o f Lo s Alamo s Scientist s o n 
November 2 , 1945 , a  fe w month s afte r th e atomi c bombin g o f Hiro -
shima an d Nagasaki : 

But when you come right down to it the reason that we did this job [building the 
bomb] is because i t was an organic necessity . I f you ar e a  scientist you canno t 
stop suc h a  thing. I f you ar e a  scientis t yo u believ e tha t i t i s good t o find out 
how the world works; that it is good to find out what the realities are; that i t is 
good to turn over to mankind at large the greatest possible power to control the 
world and to deal with it according to its lights and its values.24 

Doing the scientific work tha t le d to the atomic bomb i s not a  routin e 
experience fo r scientists , bu t Oppenheimer' s speec h isolate s value s tha t 
are typical . Doin g researc h i s "a n organi c necessity " becaus e t o b e a 
scientist mean s "findin g ou t ho w th e worl d works " an d "findin g ou t 
what the realities are. " Last , chronologically an d ofte n i n importance, i s 
the "turnin g ove r to mankind a t large" the fruits o f your labors . 

Process in  Law 

Does th e law , wit h it s focu s o n th e affair s o f mankin d a t large , shar e 
anything wit h th e norm s o f science ? Surel y th e fundamenta l thrus t i s in 
a differen t direction . Th e scientists ' emphasis o n progres s i s replaced b y 
the lawyers ' emphasi s o n process . Rathe r tha n seekin g greate r knowl -
edge o f th e natura l world , th e la w seek s th e peacefu l resolutio n o f 
human disputes . 

Saying the law emphasizes process i s not t o deny tha t individua l law s 
have substantiv e content . A  law punishin g murde r create s a  substantiv e 
rule. But society ha s othe r rule s an d goal s a s well . The lega l syste m an d 
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the lega l professio n ar e primaril y concerne d wit h accommodatin g th e 
numerous socia l goal s applicabl e t o a  particula r disput e i n a  sociall y 
acceptable way. 

The evolutio n o f lega l rule s i n ou r societ y i s largel y th e wor k o f 
appellate judge s who writ e opinions interpretin g judicia l precedent s an d 
the ofte n vagu e languag e o f statute s an d th e Constitution . Thes e opin -
ions cannot b e tested i n a  strictly scientifi c way . Human histor y doe s no t 
lend itsel f t o th e runnin g o f controlle d experiments . Thu s i f a  cour t i n 
1973 issue s a n opinio n broadenin g th e definitio n o f obscenit y s o tha t a 
wider variet y o f book s ca n b e banned , i t i s difficult t o tes t whethe r tha t 
decision i s right . Suppos e th e decisio n wa s base d i n par t o n th e belie f 
that reading obscene books leads some people to commit sexual assaults . 
How ca n th e belie f b e tested ? Eve n i f i n th e ten-yea r perio d followin g 
the decisio n ther e i s a  decreas e i n th e numbe r o f rapes , th e matte r 
remains uncertain . An y numbe r o f factor s migh t hav e cause d tha t de -
crease. There might , for example , have been an increase in police patrol s 
during the period . I t is not possibl e t o go back t o 1973 , issue a  differen t 
decision, hol d everythin g els e constant , an d se e wha t happen s t o th e 
crime rate . Moreover , eve n i f w e di d hav e a  sens e o f th e effec t o f th e 
1973 decisio n o n crim e rate s an d o n th e equall y uncertai n questio n o f 
what book s wer e no t writte n becaus e of the new obscenity standard , w e 
would stil l no t b e sur e i f th e decisio n wa s right . Suppos e w e someho w 
knew tha t th e 197 3 decisio n le d to a  one percent reductio n i n crime, bu t 
also to the nonwriting o f three great novels . There i s no scientifi c wa y t o 
balance thes e outcome s t o decid e whic h outweigh s th e other . Indee d 
there ma y no t b e a  socia l consensu s o n ho w muc h crim e reductio n i s 
worth ho w much literature . 

This contrast can b e overstated. Socia l judgments, however imprecise , 
can sometime s b e reache d o n lega l outcomes . I f a  court' s decisio n ap -
pears t o lea d t o a  sudde n surg e i n th e crim e rate , i t ma y b e judge d 
wrong. I f i t appears t o lead to new opportunities fo r million s of citizens , 
it ma y b e judge d right . Th e la w doe s graduall y chang e t o reflec t thi s 
kind o f socia l testing . But the process i s slow, uncertain , an d controver -
sial; ther e i s nothin g i n th e lega l communit y lik e th e consensu s i n th e 
scientific communit y o n whether a  particular resul t constitutes progress . 

An additiona l pressur e o n th e lega l syste m i s tha t wherea s ultimat e 
judgments o f righ t o r wron g ma y take decades , particular dispute s mus t 
be resolve d mor e quickly . Th e la w doe s no t hav e th e luxur y o f waitin g 
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for al l the relevant evidenc e to come in , because with publi c policy dela y 
is a  decision . Whil e w e wait , a n individua l i s o r i s no t i n jail ; a  powe r 
plant i s o r i s no t constructed . La w mus t stres s proces s i n par t becaus e 
it i s no t i n a  positio n t o ascertai n ultimat e truth . A s Pete r Schuc k 
has argued : 

The law is usually in much more of a hurry to decide than science is. Ironically, 
however, law's findings, although les s reliable and tested tha n thos e of science, 
are treate d a s mor e final  an d authoritative . La w operate s unde r pressur e t o 
resolve particula r dispute s speedil y an d conclusively . . . . [Scientific ] consensu s 
often take s a long time to assemble, yet even then i t is conditional, always open 
to revision on the basis of new data or theories.25 

If a n appellat e judge' s opinio n canno t b e teste d i n a  scientifi c way , 
how i s i t t o b e assessed? O n it s face , a n opinio n ofte n appear s t o be , in 
part, a n effor t a t a  logica l demonstration . Genera l principle s ar e state d 
and deduction s ar e made . Ye t a  judge' s opinio n obviousl y i s no t a 
mathematical proof . At any given moment i n the history o f mathematic s 
there is , i n a  particula r field,  reasonabl e agreemen t o n th e definitio n o f 
terms an d o n th e postulate s t o b e used. 26 Ther e i s no suc h consensu s i n 
our societ y abou t lega l principles . Tw o judge s ca n us e impeccabl e logi c 
and ye t reac h differen t result s becaus e thei r assumption s vary . On e 
might postulat e tha t fre e speec h i s o f valu e onl y t o th e exten t tha t i t 
furthers othe r goals , suc h a s a n informe d electorate , whil e anothe r be -
lieves speech i s a good i n its own right . O r the judges ' disagreement ma y 
manifest itsel f i n a  disput e ove r definitions : fo r on e judg e "speech " 
includes musica l performances , fo r th e othe r i t doe s not . Thus , an y 
notion o f assessin g judicia l opinion s i n purel y forma l term s i s unlikel y 
to succeed. 

That judicia l opinion s ar e neithe r scientifi c no r mathematica l doe s 
not mea n the y ar e irrelevant . Th e opinion s themselve s ar e par t o f th e 
process b y whic h sociall y acceptabl e decision s ar e reached . Afte r all , 
why writ e a n opinio n i f i t doe s no t irrefutabl y "prove " anything ? I n a 
society i n whic h th e rul e o f la w mean t nothin g mor e tha n brut e force , 
courts coul d simpl y issu e judgment s withou t explanatio n an d polic e 
could enforc e them . I n ou r society , however , judicia l opinion s them -
selves becom e par t o f th e governin g proces s a s peopl e judg e thei r 
strengths an d weaknesse s and , i f unpersuaded , wor k t o chang e th e law . 
Judicial opinion s then , althoug h the y ar e not righ t o r wrong in scientifi c 
terms, ar e successfu l o r unsuccessfu l dependin g o n th e exten t t o whic h 
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they effectivel y dra w o n commonl y hel d value s t o persuad e th e inter -
ested segment s o f th e population . Judges , i n othe r words , engag e i n th e 
practice o f rhetoric—no t rhetori c i n th e modern , pejorativ e sens e o f 
ornate o r empt y linguisti c flourishes , bu t rhetori c i n th e olde r sens e o f 
persuasive communicatio n designe d t o wi n suppor t fo r view s o n ques -
tions of values. 27 

It migh t b e argue d tha t wherea s fundamenta l lega l question s ar e no t 
susceptible t o scientifi c proof , th e factua l question s ofte n involve d i n 
legal proceeding s are . I t i s true tha t mos t lega l dispute s involv e factua l 
issues. Fo r example , a  jur y mus t decid e wher e a  perso n wa s o n a  give n 
date, an d a n agenc y mus t decid e ho w muc h radiatio n escape d fro m a 
reactor. Surely , on e migh t argu e tha t thes e matter s coul d b e resolve d i n 
a scientifi c manner . The court s could the n appl y th e legal tests—what i s 
a crim e o r wha t i s a n unsaf e leve l o f radiation—t o th e scientificall y 
established facts . 

Of course , som e factua l issue s d o no t len d themselve s t o a  stric t 
application o f th e scientifi c method ; ther e i s often n o certai n wa y t o tes t 
conflicting storie s abou t th e whereabout s o f th e accused . Bu t ther e is , 
nonetheless, caus e fo r believin g tha t som e lega l facts  ca n b e derive d 
scientifically. Ou r lega l syste m doe s separate , t o som e extent , factua l 
from lega l question s b y havin g a  jury o r a n exper t agenc y mak e factua l 
decisions whil e leavin g th e ultimat e resolutio n o f lega l question s t o 
judges. Bu t eve n her e i t woul d b e a  mistak e t o thin k tha t th e scientifi c 
approach play s a  dominant role . 

The la w i s rarel y concerne d solel y wit h factua l trut h i n th e scientifi c 
sense because that i s rarely society's sole concern. Consider, fo r example , 
the tria l o f a  crimina l case . John Smit h i s accuse d o f murderin g Mar k 
Evans a t 6  p.m. on Augus t i . I f the only questio n wer e a  narrow factua l 
one—that is , di d Smit h kil l Evan s a t th e tim e stated?—on e woul d 
expect ou r societ y t o resolv e tha t questio n i n a t leas t a  quasi-scientifi c 
way. Althoug h i t ma y no t b e technicall y possibl e t o verif y assertion s 
about th e pas t scientifically , w e coul d a t leas t attemp t t o limi t th e 
judicial syste m t o a n objective , exper t inquir y int o wha t happene d las t 
August i . 

Under thi s approach , th e inquiry woul d presumabl y b e conducted b y 
people wit h expertis e i n suc h matters . W e migh t expec t t o see , fo r 
example, th e growt h o f a  professio n o f "fac t finders"  wis e i n th e way s 
of fingerprint  analysis , eyewitness testimony, and the like. We would no t 
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expect t o se e what w e presentl y have— a la y jur y utterl y inexperience d 
in the narrow tas k o f factfinding . Bu t tha t i s because the narro w factua l 
question—whether Smit h kille d Evan s a t th e tim e stated—i s onl y on e 
of many questions o f interes t t o society . Suppose Evans was a  terminall y 
ill, elderl y patien t i n intractabl e pain , an d Smith , hi s docto r an d bes t 
friend, halte d hi s treatment ? O r suppos e Evan s wa s a  health y athlet e 
running dow n th e sidewalk , wherea s Smit h wa s a  mentall y il l o r drun k 
driver wh o swerve d ont o th e sidewal k fo r n o goo d reason , accidentall y 
killing Evans? Or suppose that Evans had threatened Smit h a t 5:3 0 p.m. , 
and whe n Smit h sa w Evan s a t 6  p.m . h e kille d him , wrongl y believin g 
Evans was abou t t o pul l a  gun ? Th e lega l doctrine s tha t hav e grow n u p 
around case s lik e thes e mak e clea r tha t societ y want s jurie s t o mak e 
moral an d practica l judgments a s well as purely factua l ones . 

Technically, th e judg e tell s th e jur y th e relevan t law—whethe r i t b e 
on euthanasia , th e insanit y defense , self-defense,  o r som e othe r doc -
trine—and th e jury finds the facts . In practice, however, the law and th e 
facts ar e s o closel y intertwine d tha t th e jur y will  d o mor e tha n simpl y 
find th e facts . I t will , withi n th e broa d outline s o f th e relevan t lega l 
doctrine, decid e whethe r applyin g a  doctrin e suc h a s self-defens e i s 
sensible in the case before it . Society does not want juror s to be automa -
tons; i t wants the m t o mak e th e unavoidabl e mora l judgment s involve d 
in applyin g dispute d fact s t o necessaril y imprecis e lega l doctrines . A s 
Holmes wrote in 1899 : 

I confess that in my experience I have not found jurie s specially inspired for the 
discovery of truth . I  have not noticed tha t they could see further int o things or 
form a  saner judgment than a  sensible and well trained judge. I have not foun d 
them free r fro m prejudic e tha n a n ordinary judge would be . Indeed one reason 
why I believe in our practice of leaving questions of negligence to them is what 
is precisely one of their gravest defects from the point of view of their theoretical 
function: tha t the y wil l introduc e int o thei r verdic t a  certain amount— a ver y 
large amount , s o fa r a s I  have observed—of popula r prejudice , an d thu s keep 
the administration o f the law in accord with the wishes and feelings of the com-
munity.28 

Much th e sam e i s tru e wit h th e head s o f administrativ e agencies . I n 
regulatory decision s we want agenc y member s wh o ca n mak e clear-eye d 
factual judgments . But , we also want the m t o b e able to make the soun d 
policy decision s inevitabl y involve d whe n lega l principle s ar e couple d 
with dispute d facts . Unde r man y statutes , for example , judgments o n a n 
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appropriate leve l o f environmenta l safet y involv e a  variet y o f factors , 
including cost , emissio n levels , complianc e levels , an d th e like . Court s 
have generall y hel d tha t agencie s mus t conside r th e numerou s privat e 
interests affected b y their decisions a s an "essentia l predicate" to balanc -
ing all of the elements necessary fo r a  just determination o f the public in-
terest.29 

Thus, o n bot h lega l an d factua l matters , ou r lega l syste m stresse s th e 
process b y whic h a  decisio n i s reached i n a n attemp t t o ensur e tha t th e 
decision will  be , a t th e ver y least , somethin g societ y ca n accept . Th e 
most dramati c manifestatio n o f thi s concern fo r proces s i s the adversar y 
system, unde r whic h lawyer s fo r eac h sid e presen t th e bes t argument s 
they ca n t o suppor t thei r client' s case . The individua l lawyer , o f course , 
is not seekin g th e truth ; i t i s the proces s itsel f tha t i s supposed t o foste r 
accuracy b y presentin g th e judg e o r jur y wit h th e bes t argument s o n 
both sides . But i f accurac y wer e th e onl y concern , i t i s not obviou s tha t 
the adversar y syste m woul d b e used . A  vigorou s investigatio n b y a n 
impartial exper t migh t d o a s well . Scientists , afte r all , rel y heavil y o n 
peer review . Th e adversar y system , however , serve s proces s goals . I t 
provides bot h side s with a  highly visibl e day i n court—a publi c presen -
tation o f views , ensurin g tha t al l side s ar e heard . Par t o f th e valu e o f 
such a  da y i n cour t ma y b e cathartic , bu t tha t to o contribute s t o th e 
peaceful resolutio n o f disputes . 

Consider i n thi s ligh t th e observation s o f Davi d L . Bazelon, whe n h e 
was Chie f Judge o f th e U.S . Court o f Appeal s fo r th e Distric t o f Colum -
bia, a  federa l cour t wit h a  heav y volum e o f case s involvin g scientifi c 
and technica l issues . Concernin g suc h cases , Bazelo n advocate d ope n 
decisionmaking afte r a  ful l airin g of opposing views: 

This kind of openness is in everyone's best interests, including the decisionmak-
ers'. . . . When the issues are controversial, any decision may fail to satisfy larg e 
portions o f th e community . Bu t thos e wh o ar e dissatisfie d wit h a  particula r 
decision will be more likely to acquiesce in it if they perceive that their views and 
interests were given a fair hearing.30 

There i s quit e a  contras t betwee n Oppenheimer' s assertio n tha t i t i s 
"an organic necessity" fo r scientist s "t o find our what the realities are" 3 1 

and Bazelon' s observatio n tha t lega l process, at best , "ma y fai l t o satisf y 
large portions of the community," bu t a t least it can earn "acquiescence " 
if the contending parties ar e given " a fai r hearing. " 
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Under th e circumstance s i t i s no t surprisin g tha t a  lawyer' s wor k 
rarely show s outwar d sign s o f brilliance . Attorney s presen t view s the y 
know ar e one-side d a s par t o f a n overal l proces s designe d t o ensur e 
fairness. A  judg e disguise s ne w idea s a s ol d i n orde r t o enhanc e thei r 
social acceptability . A t best , resolvin g huma n conflict s i s a n imperfect , 
unending task i n which progres s i s difficult t o define , le t alone measure . 

Thus the fundamenta l differenc e i n values betwee n scienc e and la w i s 
subtle, bu t important . Scienc e i s no t a  compendiu m o f timelessl y tru e 
statements. It is, in a sense, a process for formulatin g an d testing hypoth-
eses abou t th e natura l world , hypothese s tha t ar e alway s ope n t o revi -
sion. Bu t i n scienc e thi s proces s i s a  mean s t o a n end , an d tha t en d i s 
progress i n our knowledg e o f th e world . I n law, process i s not simpl y o r 
primarily a  mean s t o a n end . I n a n importan t sense , process i s the end . 
A fair , publicl y accepte d mechanis m fo r peacefull y resolvin g dispute s i s 
often th e mos t on e ca n reasonabl y as k fo r i n huma n society . A s Justice 
Felix Frankfurte r wrot e i n a n opinio n fo r th e U.S . Supreme Court , "th e 
history o f libert y ha s largel y bee n th e histor y o f observanc e o f proce -
dural safeguards." 32 

The fundamenta l differenc e betwee n th e scientist' s lov e o f progres s 
and the lawyer's adherence to process has secondary implication s fo r th e 
value systems of scientist s and lawyers . Scientists looking for empiricall y 
verifiable trut h hav e t o believ e ther e i s som e kin d o f orde r i n thei r 
universe, whethe r i t i s expressibl e i n traditiona l cause-and-effec t term s 
or in probabilistic equations . And th e search fo r orde r i s closely allied t o 
the searc h fo r beauty—scientist s ofte n testif y t o th e aestheti c motiva -
tions fo r thei r theories . Fro m a  scientist' s perspective , beaut y an d sim -
plicity ar e no t sought , a s som e non-scientist s contend , becaus e ther e i s 
no othe r wa y t o choos e betwee n theories . Rather , beaut y serve s t o 
confirm a  theory' s accurac y becaus e o f a  scientist' s underlyin g fait h 
about th e ver y natur e o f th e universe . Werner Heisenberg , fo r example , 
wrote, " I frankl y admi t tha t I  a m strongl y attracte d b y th e simplicit y 
and beaut y o f th e mathematica l scheme s wit h whic h natur e present s 
us."33 Judges , b y contrast , confronte d wit h th e pressin g nee d t o resolv e 
a socia l disput e peacefully , wil l ofte n trad e orde r an d beaut y fo r a 
patchwork solutio n tha t work s fo r th e problem befor e them . A s Jerome 
Frank wrote , "[M]os t judge s ar e to o common-sensibl e t o allow , fo r 
long, a  passio n fo r aestheti c elegance , o r fo r th e appearanc e o f a n 
abstract consistency , to brin g about obviously unjus t results." 34 
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Now, o f course , this depictio n o f scientist s an d lawyer s a s champion s 
of progress and process is the depiction o f ideals , not of living , breathin g 
human beings . Lik e everyon e else , scientist s an d lawyer s ma y b e moti -
vated b y greed, lust , or a n insatiabl e desir e to b e famous. Moreover , th e 
problems the y wor k o n d o no t gro w ou t o f abstrac t conception s o f 
progress o r process , bu t rathe r ou t o f th e socia l an d cultura l environ -
ments i n whic h the y live . Bu t th e fac t remain s tha t thes e professiona l 
norms o f progres s an d proces s shap e th e professiona l live s o f scientist s 
and lawyers , and shap e them i n very different ways . 

The Daubert  Case 

The contrast betwee n progress and process was on display when the U.S. 
Supreme Cour t discusse d th e admissibility o f scientifi c evidenc e in 1993 . 

The cas e o f Daubert  v.  Merrell  Dow  Pharmaceuticals  3 5 aros e whe n 
Jason an d Eri c Dauber t wer e bor n wit h seriou s birt h defects . Durin g 
pregnancy, thei r mothe r ha d take n Bendectin , a  prescription antinause a 
drug marketed b y Merrel l Dow . Believing that Bendecti n ha d cause d th e 
defects, the Dauberts brough t suit . 

At trial , Merrel l Do w wa s abl e t o sho w tha t numerou s publishe d 
epidemiological studie s concernin g Bendecti n faile d t o establish an y lin k 
with birt h defects . Th e Daubert s responde d b y profferin g exper t wit -
nesses, who challenged th e conventional wisdom tha t Bendectin was saf e 
on severa l grounds . I n particular , th e Daubert s wante d t o introduc e 
experts wh o reanalyze d th e publishe d studie s an d obtaine d differen t 
results, although thi s reanalysis had no t itsel f bee n published . 

The tria l cour t ruled , amon g othe r things , tha t th e Daubert s coul d 
not presen t th e jur y wit h expert s wh o relie d o n unpublishe d reanalysis . 
The cour t applie d preceden t holdin g tha t onl y technique s "generall y 
accepted" a s reliabl e i n th e relevan t scientifi c communit y coul d b e pre -
sented b y exper t witnesse s t o juries . Th e tria l court , followin g th e lea d 
of othe r federa l courts , conclude d b y rulin g i n favo r o f Merrel l Dow . 
After a  federa l appellat e cour t affirmed , th e cas e reache d th e U.S . Su -
preme Court . 

In th e Suprem e Court , th e technica l issu e wa s whethe r th e Federa l 
Rules o f Evidenc e displace d th e "generall y accepte d i n th e scientifi c 
community" tes t tha t th e lowe r court s ha d used , and , i f so , wha t th e 
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new tes t should b e for th e admission o f exper t scientifi c testimony. 36 Bu t 
the cas e attracte d considerabl e attentio n i n th e scientifi c communit y 
because o f it s broade r implications . Numerou s scientist s bande d to -
gether i n group s an d filed  thoughtfu l briefs. 37 Fro m ou r poin t o f view , 
they are of particular interes t becaus e of the insight they provide into th e 
scientist's world view . 

The scientifi c communit y wa s no t unite d o n th e prope r approac h t o 
the question o f th e admissibility o f exper t testimony . Thi s was , after all , 
not a  matte r tha t fel l withi n som e consensu s concernin g wha t i s goo d 
science; indeed, i t was not a  scientific questio n a t all . 

The scientist s wh o addresse d th e Cour t largel y fel l int o tw o groups . 
The first  supporte d th e propositio n tha t judge s neede d considerabl e 
power t o preven t jurie s fro m hearin g testimon y fro m witnesse s wh o 
were fa r outsid e th e mainstrea m o f th e scientifi c community . Thes e 
scientists wer e concerne d wit h "pseudoscience " o r "jun k science " tha t 
does no t contribut e t o th e searc h fo r truth . A s on e brie f pu t it , "Th e 
impact an d influenc e o f scientifi c rhetori c ca n easil y swa y an d mislea d a 
jury."38 Particularl y whe n potentia l witnesse s hav e no t publishe d thei r 
conclusions, ther e i s the dange r tha t thes e witnesse s ar e biase d i n favo r 
of on e sid e i n th e case ; i n othe r words , ther e i s th e dange r tha t lega l 
rather tha n scientifi c norm s drove the research : 

Quite often, the experiments will have been conducted with a pending case or at 
least potentia l litigatio n i n mind . O n th e othe r hand , scientifi c journal s ar e 
typically concerne d wit h progres s i n a  particular field , an d i n making progress 
with sound methodology. 39 

On th e othe r sid e wer e scientist s equall y devote d t o th e caus e o f 
scientific progress , bu t the y focuse d o n th e mor e dramati c kin d o f prog -
ress tha t ofte n i s resiste d initiall y i n th e scientifi c community . Thes e 
scientists wer e incline d t o le t th e jur y hea r an d evaluat e an y expert' s 
ideas; any screening role for th e judge was suspect : 

Science progresse s a s muc h o r mor e b y th e replacemen t o f ol d view s a s b y 
the gradua l accumulatio n o f incrementa l knowledge . Automaticall y rejectin g 
dissenting views that challenge the conventional wisdo m i s a dangerous fallacy , 
for almost every generally accepted view was once deemed eccentric or heretical. 
Perpetuating the reign of a supposed scientific orthodoxy in this way, whether in 
a researc h laborator y o r i n a  courtroom , i s profoundly inimica l t o th e searc h 
for truth.40 



2 2 •  LAWYER S AN D SCIENTIST S 

The Suprem e Cour t ultimatel y rule d tha t th e ol d "generall y accepte d 
in th e scientifi c community " tes t ha d indee d bee n supersede d b y th e 
Federal Rule s o f Evidence . But , beyond that , i t did no t endors e eithe r o f 
the approache s presente d b y th e brief s fo r th e scientists . Th e Cour t 
declined t o sa y tha t judge s shoul d scree n ou t al l exper t scientist s wh o 
deviate from accepte d approaches , but i s also declined t o say that judge s 
should pla y n o gatekeepe r functio n a t all . I t crafte d a  traditiona l lega l 
compromise, settin g fort h a  variet y o f factors , suc h a s whethe r th e 
testimony proffere d ha d bee n teste d o r publishe d o r widel y accepte d i n 
the scientifi c community. 41 Thes e factors , non e o f which ar e dispositive , 
are t o b e applie d o n a  flexible,  case-by-cas e basi s b y tria l judges. 42 

Clearly th e questio n o f wha t sor t o f exper t evidenc e get s to th e jury wil l 
emerge, indee d wil l b e indistinguishabl e from , a  continuin g proces s o f 
individual disput e resolution . I n certain cases , juries will hear controver -
sial experts; in other subtl y differen t cases , they wil l not . 

In the course of reachin g this rather traditiona l lega l result , the Cour t 
gently responde d t o th e all-or-nothin g rhetori c contained i n some o f th e 
scientists' briefs . A s t o th e first  group—th e scientist s wh o maintaine d 
that pseudoscience would mislea d the jury—the Cour t replie d b y notin g 
the numerou s procedura l device s tha t protec t agains t thi s eventualit y 
when a n exper t wit h unconventiona l view s testifies . Th e Cour t foun d 
that th e scientist s were "overl y pessimistic " abou t th e capabilities o f th e 
adversary system , give n th e availabilit y o f "[vigorou s cross-examina -
tion, presentatio n o f contrar y evidence, " an d th e like. 43 The Cour t als o 
noted tha t a  judg e ca n eve n direc t a  verdic t afte r testimon y ha s bee n 
given i f the evidence presented i s extremely weak. 44 

On th e othe r hand , th e Cour t criticize d thos e scientist s who , i n th e 
name o f Galileo , maintaine d tha t judge s shoul d perfor m n o gatekeepe r 
function a t all . Th e Cour t recognize d tha t eve n a  flexibl e gatekeepe r 
will a t tim e preven t th e jur y fro m learnin g o f "authenti c insight s an d 
innovations."45 But , the Cour t stressed , tha t canno t determin e the issue: 

[T]here are important differences betwee n the quest for trut h i n the courtroom 
and th e ques t fo r trut h i n th e laboratory . Scientifi c conclusion s ar e subjec t 
to perpetua l revision . Law , o n th e othe r hand , mus t resolv e dispute s finally 
and quickly . . . . [The] Rules of Evidenc e [are ] designed no t fo r th e exhaustiv e 
search fo r cosmi c understandin g bu t fo r th e particularize d resolutio n o f lega l 
disputes.46 
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In the end , al l o f th e scientist s i n the Dauber t cas e were preaching o n 
behalf o f scientifi c progress . Som e stressed th e carefu l progres s o f "nor -
mal science" where professiona l competenc e weeds out pretenders . Oth -
ers emphasize d th e paradig m shift s o f "revolutionar y science, " wher e 
progress threaten s th e ol d establishment . Th e Cour t gav e weigh t t o 
both concerns , bu t withi n a  framewor k o f proces s value s i n which final 
resolutions on imperfec t dat a ar e often necessary . 

It woul d b e a  mistak e t o believ e tha t thes e difference s betwee n la w 
and scienc e preven t member s o f thes e profession s fro m understandin g 
each other . Ther e i s n o reaso n wh y lawyer s an d scientist s canno t com -
prehend th e differen t natur e o f th e other' s wor k an d appreciat e whe n i t 
is being done well . A lawyer ca n admir e a  scientist who frame s an d test s 
a beautifu l hypothesi s abou t th e structur e o f th e stars . I t woul d b e a 
misguided lawye r indee d wh o complaine d tha t du e proces s protection s 
were no t provide d whe n th e hypothesi s wa s created . A  scientis t ca n 
admire a  legal system tha t craft s a  workable solutio n to a  nasty proble m 
of self-defens e i n homicid e cases . Onl y a  remarkabl y narrow-minde d 
scientist would complai n tha t th e solution wa s insufficiently scientific . 

The rea l conflict s aris e whe n la w an d scienc e begi n t o infring e o n 
each other' s turf . Th e mos t importan t are a fo r suc h problem s toda y i s 
the socia l disput e i n whic h a  hig h leve l o f technica l informatio n i s 
involved. I n suc h case s the differin g valu e system s o f lawyer s an d scien -
tists ca n indee d lea d t o problems , fo r example , i n dispute s ove r th e 
safety o f nuclea r reactors , th e risk s o f geneti c engineering , an d th e 
efficacy o f ne w drugs . I n th e page s tha t follow , I  argu e tha t thes e 
problems aris e largel y fro m vastl y differen t lega l attitude s towar d basi c 
research a s opposed t o the application o f tha t research . 

Defining Terms 

Obviously thi s approac h require s tha t I  explain ho w I  a m usin g term s 
such a s basic  an d applied  research.  I t i s notoriousl y difficul t t o dra w 
sharp distinction s i n thi s field  becaus e ther e ar e n o brigh t line s o n th e 
continuum tha t stretche s fro m pur e scienc e throug h applie d technol -
ogy.47 Let me begin by discussing the pure science end of the continuum . 

The value s o f th e scientist s discusse d previousl y ar e base d o n th e 
institution o f pur e science . Pure scientist s pursue knowledg e whereve r i t 
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leads an d fo r it s ow n sake . Thei r wor k may , a s w e hav e seen , lea d t o 
practical applications , bu t thos e application s ar e ofte n year s awa y an d 
come i n area s th e scientist s themselve s neve r woul d hav e predicted . 
Under the circumstances, it is not surprising that relatively few America n 
scientists actuall y d o absolutel y pur e science . Mos t o f wha t i s usuall y 
called scientifi c research , includin g mos t o f th e researc h funde d b y th e 
government, i s a  ste p o r tw o ove r o n th e continuu m fro m pur e science . 
Although i t migh t b e calle d basi c research , i t i s par t o f a  progra m 
designed t o accomplis h a  particula r mission . Unlik e pur e scientists , th e 
government an d other s fundin g researc h ar e primarily intereste d i n util -
ity, tha t is , i n practica l results . Thus , a  universit y scientis t receive s a 
grant t o d o cance r research . Thi s scientist' s wor k ma y involv e gaining a 
fundamental understandin g o f cellula r processe s an d i t ma y lea d t o 
surprising findings  wit h unexpecte d implications . Bu t th e wor k i s bein g 
funded becaus e i t may lea d t o a  cure fo r cancer . Or , conside r a  scientis t 
in a  national laborator y doin g research o n material s fo r sola r collectors . 
This persons' s wor k ma y involv e learnin g basi c fact s abou t th e proper -
ties o f certai n elements , bu t i t i s mission-oriente d work , aime d towar d 
the ultimate developmen t o f a  solar energy device . 

When I  discuss lega l attitude s towar d basi c research , I  wil l typicall y 
be referrin g t o mission-oriente d research , no t absolutel y pur e research . 
But i t i s importan t t o realiz e tha t scientist s doin g mission-oriente d re -
search dra w thei r valu e syste m largel y fro m pur e science . A s Victo r 
Weisskopf wrote , "Th e style , th e scale , an d th e leve l o f scientifi c an d 
technical wor k ar e determine d i n pur e research ; tha t i s wha t attract s 
productive peopl e an d wha t bring s productiv e scientist s t o thos e coun -
tries wher e scienc e i s a t it s highes t level." 48 Mos t o f ou r example s o f 
basic researc h will  concer n universit y scientist s workin g unde r researc h 
grants fro m federa l agencie s like the National Institute s o f Health o r th e 
National Scienc e Foundation . Althoug h the y ar e workin g a s par t o f a n 
overall mission , thes e scientist s wan t t o mak e scientifi c progress , ad d t o 
the cumulativ e stor e o f scientifi c knowledge , an d publis h i n reputabl e 
scientific journals . Thus, in achievin g the government' s goals , they look , 
to th e exten t possible , fo r th e mos t scientificall y attractiv e solution , 
which mean s th e on e tha t establishe s progres s an d priorit y i n scientifi c 
terms. 

When I  discuss legal attitudes toward application s of science , I will be 
moving awa y fro m pur e scienc e an d mission-oriente d researc h an d to -
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ward th e productio n o f ne w product s fo r th e marketplace . Her e th e 
emphasis wil l b e on suc h development s a s energy system s tha t ar e read y 
to b e tested, drug s tha t ar e read y t o b e marketed, an d compute r system s 
that ar e starting to go on-line. 

Let u s begi n the n wit h lega l attitude s towar d basi c research . A s wit h 
much o f America n la w th e startin g plac e i s our fundamenta l charter — 
the U.S. Constitution . 



• T  H  R  E  E  • 

The Constitutiona l Statu s 
of Basi c Researc h 

Because the U.S. Constitution say s little about science explicitly, analysi s 
of th e rol e o f scienc e i n America n societ y i s rarel y perceive d a s havin g 
an importan t constitutiona l dimension. 1 Ye t numerous provision s o f th e 
Constitution hav e th e inten t an d effec t o f shapin g th e relationshi p be -
tween governmen t an d science . Th e resul t i s a  framewor k tha t i s ex -
tremely supportiv e o f basi c research . 

The Enlightenment  Background 

This resul t i s hardly surprising , give n th e backgroun d o f th e framer s o f 
the Constitution. Veneration o f science was a central tene t of eighteenth -
century Enlightenmen t thinkin g 2 fo r scienc e wa s believe d t o illuminat e 
not merel y natura l phenomen a bu t politica l an d theologica l matter s a s 
well.3 Isaa c Newto n wa s no t simpl y revered ; h e wa s nearl y deified . 
Alexander Pope' s tribute to Newton i s illustrative: "Natur e an d Nature' s 
Laws lai d hi d i n night ; Go d said , Le t Newto n be ! and al l wa s light." 4 

Leading American s o f th e Revolutionar y er a share d thi s Enlightenmen t 
view.5 Science and publi c affair s wer e so closely related tha t an y distinc -
tion betwee n scientifi c an d politica l leader s wa s difficul t t o maintain . 
David Rittenhouse an d Benjamin Rus h were important officeholder s an d 
political figures.  Rittenhous e wa s a  self-taugh t astronome r whos e fa -
mous mechanica l orrer y demonstrate d th e motions o f th e heavenly bod -
ies. Regarde d b y hi s fello w American s a s a  scientis t o f th e first  rank , h e 

26 
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was a  membe r o f Pennsylvania' s genera l assembl y an d o f tha t state' s 
constitutional convention . He also provided scientific advice in the Revo-
lutionary War , aide d i n definin g U.S . weights an d measures , an d serve d 
as first director of the U.S. Mint.6 Rus h was a physician who contribute d 
to medica l theor y an d chemistry . H e inspire d Thoma s Pain e t o writ e 
Common Sense,  attende d th e Continenta l Congress , and signe d the Dec-
laration o f Independence. 7 

Both Rittenhous e an d Rus h wer e clos e friend s o f Thoma s Jefferson , 
whose scientifi c interest s ar e wel l known . Jefferson' s observation s o n 
natural histor y i n Notes  on  the  State  of  Virginia  constitut e hi s mos t 
extensive scientific work , bu t he commented a s well on a  variety of othe r 
fields, including paleontolog y an d geography. 8 James Madiso n wa s als o 
intrigued wit h natura l history, 9 wherea s Alexande r Hamilto n studie d 
medicine, enjoye d mathematics , an d urge d friend s t o lear n chemistr y t o 
improve thei r thinking. 10 Wit h Be n Franklin , th e boundar y betwee n 
scientist an d politica l leade r dissolve s altogether . On e o f th e world' s 
leading physicists an d America' s foremos t ambassador , Frankli n was , t o 
many Europea n philosophers , the Enlightenment incarnate. 11 

The scienc e tha t s o appeale d t o America' s founders , an d tha t contin -
ues to b e valued today , was an outgrowt h o f the revolutionary advance s 
in astronom y an d physic s associate d wit h Galile o an d Newton . I t wa s 
characterized b y reliance on empirica l dat a a s opposed t o sacred texts o r 
royal pronouncements , an d b y a n effor t t o us e man' s knowledg e o f 
nature t o improv e th e huma n condition. 12 I n th e eighteent h century , 
when Newtonia n principle s wer e applie d t o virtually al l human endeav -
ors, th e ver y wor d science  referre d t o knowledg e generally. 13 Jefferso n 
listed "th e science s whic h see m usefu l an d practicable " a s "Botany , 
Chemistry, Zoology , Anatomy , Surgery , Medicine , Nat' l Philosophy , 
Agriculture, Mathematics , Astronomy , Geology , Geography , Politics , 
Commerce, History , Ethics , Law , Arts , Fin e arts." 14 Thu s whe n th e 
framers use d th e wor d science,  the y mean t t o includ e (amon g othe r 
things) wha t toda y woul d b e referred t o a s basi c researc h i n the natura l 
sciences. 

Scholars hav e devote d considerabl e attentio n t o th e wa y i n whic h 
infatuation wit h thi s typ e o f scienc e affecte d th e buildin g o f politica l 
institutions. I n opposin g unicamera l legislatures , fo r example , John Ad -
ams invoked "on e o f Si r Isaac Newton's law s of motion , namely—'tha t 
reaction mus t always be equal an d contrar y t o action ' o r there can neve r 
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be an y rest." 15 Bu t th e buildin g o f a  clockwor k constitutio n account s 
for onl y hal f o f th e science-governmen t relationship . Th e Constitutio n 
that resulte d ha d a n impac t on the further developmen t o f science . 

Free Speech for  Scientists 

The mos t dramati c exampl e o f tha t impac t cam e i n th e Firs t Amend -
ment's requiremen t tha t "Congres s shal l mak e n o la w .  . . abridging th e 
freedom o f speech , o r o f th e press, " a  restrictio n o n governmen t de -
signed i n par t t o assur e freedo m fo r scientists . America' s founder s be -
lieved tha t th e protectio n o f civi l libertie s i n a  free stat e wa s essentia l t o 
the growt h o f science , a  growt h the y strongl y favored . Thi s ide a foun d 
expression i n th e poem s o f th e Jeffersonia n journalis t Phili p Freneau , 
who wrot e i n "Th e Risin g Glor y o f America " tha t withou t "swee t 
liberty .  . . scienc e irretrievabl y mus t die." 16 Th e Enlightenmen t unio n 
of politica l an d scientifi c progres s wa s als o reflecte d i n Freneau' s "O n 
the Deat h o f Dr . Benjami n Franklin" : "Wh o seize d fro m King s thei r 
sceptred pride , and turne d th e lightning's dart s aside!" 17 

Rittenhouse an d Rus h wer e amon g th e numerou s othe r writer s an d 
orators wh o explicitl y linke d scientifi c progres s wit h civi l liberty. 18 Jef -
ferson, i n a  178 9 lette r to the president o f Harvard College , concluded a 
call fo r researc h i n botany , mineralogy , an d natura l histor y wit h th e 
same message : "I t i s the wor k t o whic h th e youn g men , who m yo u ar e 
forming, shoul d la y thei r hands . We have spen t the prime o f ou r live s in 
procuring the m th e precious blessin g of liberty . Le t them spen d their s i n 
showing tha t i t i s th e grea t paren t o f scienc e an d o f virtue ; an d tha t a 
nation wil l be great in both alway s in proportion a s it is free." 19 

The notion tha t fre e speec h applie d t o science was an inevitable resul t 
of th e ide a tha t prope r politica l decision s cam e no t fro m monarchica l 
pronouncements bu t fro m th e application o f scientifi c thinkin g t o socia l 
problems. Thu s Jefferson , i n opposin g tariff s o n learne d treaties , ob -
served tha t "[s]cienc e i s mor e importan t i n a  republica n tha n i n an y 
other government." 20 Indeed , Jefferson's devotio n t o th e fre e exchang e 
of scientifi c idea s ma y hav e exceede d hi s devotio n t o th e fre e exchang e 
of politica l view s that differe d fro m hi s own. 21 

The intimate relatio n betwee n scienc e and civi l liberty i s illustrated i n 
a 177 4 lette r fro m th e Continenta l Congres s t o th e inhabitant s o f Que -
bec tha t describe d freedo m o f th e pres s a s importan t i n par t becaus e i t 
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advanced "truth , science , morality , an d art s i n general." 22 Limitin g 
free speec h an d pres s t o narrowl y politica l concern s woul d hav e bee n 
unthinkable; freedo m tha t di d no t reac h th e wor k o f Galileo , Newton , 
and Frankli n di d no t reac h fa r enough . 

Judicial interpretation s o f th e speech an d pres s clause s accor d scienc e 
the protecte d statu s envisione d b y th e framer s o f th e Constitution . W e 
are concerne d her e wit h th e applicatio n o f thos e clause s t o scientifi c 
publications. Chapte r 6  discusses th e very differen t constitutiona l statu s 
of technologica l applications . 

The cas e la w make s clea r tha t Firs t Amendmen t protectio n fro m 
government regulatio n applie s whe n scientifi c result s o r theorie s ar e 
published. Obscenit y decision s furnishe d th e earliest demonstration . Th e 
first major obscenit y preceden t relie d o n i n the United State s was articu -
lated in 186 8 in the British cas e of Regina  v.  Hicklin.13 Althoug h Hicklin 
did no t concer n a  scientifi c publication , Chie f Justic e Cockbur n note d 
during ora l argumen t tha t "[a ] medica l treatise , with illustration s neces -
sary fo r th e informatio n o f thos e fo r whos e educatio n o r informatio n 
the work i s intended, may , in a  certain sense , be obscene, and ye t not th e 
subject fo r indictment." 24 Thi s straightforwar d recognitio n tha t a  ba n 
on sexua l matter s pe r s e would hinde r scienc e and i s therefore unaccept -
able becam e on e o f th e fe w consisten t thread s i n th e developmen t o f 
obscenity la w i n th e Unite d States . Early decision s limite d circulatio n o f 
medically oriented sexua l material s to doctors and students , but b y 194 0 
it wa s reasonabl y clea r tha t anyon e coul d hav e i n thei r home s medica l 
encyclopedias o r se x manuals. 25 

Thus, b y 1957 , whe n th e Suprem e Cour t decide d Roth  v.  United 
States,16 whic h se t fort h a  genera l tes t fo r obscenity , scienc e wa s safel y 
outside th e categor y o f th e obscene . The governmen t concede d a s muc h 
in it s brie f i n Roth. 17 Th e Court , whil e holdin g tha t obscenit y lie s 
outside th e real m o f th e Firs t Amendment , squarel y hel d tha t th e por -
trayal o f se x i n "scientifi c work s i s no t itsel f sufficien t reaso n t o den y 
material the constitutional protectio n o f freedom o f speech and press." 28 

This principl e wa s applie d shortl y afte r Roth  t o protec t th e importatio n 
of materia l fo r a  university' s se x research institute , and th e principle ha s 
not bee n challenge d successfull y since. 29 Whe n th e Court , i n th e 197 7 
case o f Miller  v.  California ,30 change d th e tes t fo r obscenity , th e statu s 
of scienc e was retained . The Cour t hel d in Miller  tha t th e "Firs t Amend -
ment protect s works , whic h take n a s whole , hav e seriou s .  . . scientifi c 
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value."31 Indeed , i n hi s opinio n fo r th e Cour t i n Miller,  Chie f Justic e 
Burger's sol e illustratio n o f protecte d materia l resemble d Chie f Justic e 
Cockburn's observatio n 10 5 year s earlier : "Medica l book s fo r th e edu -
cation fo r physician s an d relate d personne l necessaril y us e graphic illus -
trations an d description s o f human anatomy." 32 

In a  variety o f othe r contexts , the courts have given scientifi c materia l 
the sam e hig h leve l o f protectio n give n t o politica l an d socia l commen -
tary. Prio r restraint s ar e extremel y difficul t t o justify; 33 thu s a  state , 
through it s denta l society , canno t requir e prio r approva l o f a  radi o 
broadcast o n "scientifi c denta l matters." 34 Lega l redres s fo r inaccurat e 
reporting mus t allo w leewa y fo r unavoidabl e mistake s t o avoi d chillin g 
the dissemination o f knowledge; 35 thus , the Firs t Amendment protect s a 
publisher fro m a  sui t base d o n los t profit s stemmin g fro m a  mistak e i n 
its chemica l encyclopedia. 36 Accurat e advertisin g i s also entitled t o Firs t 
Amendment protection; 37 thu s a  scientifi c laborator y ca n advertis e tha t 
it will test cholesterol level s for a  fee. 38 

First Amendmen t protectio n i s no mor e absolut e fo r scientifi c speec h 
than fo r an y othe r variety. 39 Nationa l securit y consideration s hav e a t 
times led the government t o restrict the dissemination o f certain scientifi c 
information, usuall y b y classifying suc h informatio n pursuan t t o execu -
tive order. 40 Th e classificatio n o f scientifi c wor k wa s mos t widesprea d 
during an d afte r Worl d Wa r I I when basi c advance s i n nuclea r physic s 
were tie d intimatel y t o th e constructio n o f nuclea r weapons. 41 I n th e 
postwar period , whe n Firs t Amendmen t right s generall y fare d poorly , 
scientific wor k wa s hampere d b y sever e security restriction s o n researc h 
and even on teaching, particularly i n the area o f nuclear physics. 42 

The courts have had littl e occasion t o define precisely the limits of th e 
government's powe r t o classif y scientifi c material . Court s an d scholar s 
generally agre e tha t technologica l plan s fo r advance d weapo n system s 
can b e subjec t t o restriction s an d eve n prio r restraints . Afte r all , th e 
classic cas e fo r a  vali d us e o f prio r censorshi p i s to preven t publicatio n 
of "th e numbe r an d locatio n o f troops"; 43 revelatio n o f th e desig n o f a 
secret weapo n woul d hav e a t leas t a s grea t a n impac t o n nationa l secu -
rity. Thu s i t i s no t surprisin g tha t i n 197 9 a  federa l distric t cour t en -
joined publicatio n o f a n articl e tha t purporte d t o giv e details on ho w t o 
build a  hydrogen bomb. 44 

At the other extreme , basic and widel y known scientifi c truth s canno t 
be suppresse d merel y o n th e groun d tha t the y ca n b e use d t o buil d 
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weapons. A s th e Suprem e Cour t ha s stated , a  stat e ma y no t "prohibi t 
possession o f chemistr y book s o n th e groun d tha t the y ma y lea d t o th e 
manufacture o f homemade spirits." 45 Only a  significant imminen t threa t 
to nationa l securit y ca n justif y th e remova l o f scientifi c materia l fro m 
public view.46 

The vie w tha t scienc e i s full y protecte d b y th e speec h an d pres s 
clauses i s no t undercu t b y occasiona l academi c an d judicia l statement s 
that "political " speec h o f on e typ e o r anothe r lie s "a t th e core " o f Firs t 
Amendment values. 47 A s leadin g Firs t Amendmen t scholar s hav e lon g 
recognized, suppressio n o f scientifi c informatio n i s inconsistent wit h th e 
democratic politica l process. 48 Whe n a  scientis t publishe s a  theor y o n 
the consequences o f power plan t emissions , for example , that theory ha s 
at leas t a s muc h relevanc e t o a  politica l controvers y o n powe r plan t 
location a s does a  loca l politician' s speeches . Even whe n scientifi c wor k 
is no t immediatel y applicabl e t o politica l controversies , i t play s a n im -
portant rol e i n maintainin g a  fre e an d informe d society . Suc h wa s th e 
view o f th e framers , an d i t ha s bee n th e consisten t vie w o f th e courts . 
Thus, th e observatio n tha t politica l speec h lie s a t th e cor e o f th e Firs t 
Amendment doe s not mean tha t scientifi c speec h lie s elsewhere. 

Government Support  for  Science 

In sum , scientifi c speec h receive s th e ful l protectio n o f th e speec h an d 
press clause s o f th e Firs t Amendment . Ye t i f scienc e wer e fre e bu t 
ineligible fo r direc t governmen t support , America n scienc e woul d b e a 
shadow o f it s presen t self . Fortunately , governmen t fundin g fo r scienc e 
is buil t int o th e constitutiona l syste m an d i s base d primaril y o n firm 
historical an d institutiona l precedent s rather than on short-term politica l 
developments. 

The Constitution doe s not stat e explicitly tha t the federal governmen t 
shall fun d scientifi c research . Certai n clauses , however , virtuall y requir e 
government suppor t o f science , whereas other s permi t suc h suppor t fo r 
a broad rang e of activities . 

In the early years of the republic, the power conferred i n the Constitu -
tion t o establish a  sea t o f governmen t le d to importan t surveyin g effort s 
in Washington , D.C. 49 Madiso n contende d tha t congressiona l powe r 
over th e distric t als o include d th e powe r t o creat e a  federa l university , 
although suc h a  universit y wa s neve r created. 50 Th e powe r t o regulat e 
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commerce helpe d justif y activitie s suc h a s researc h o n th e cause s o f 
steamboat boile r explosions, 51 an d th e powe r t o tak e th e censu s mad e 
the government a  major sourc e of socia l science data. 52 

But fro m th e framers ' poin t o f view , thre e area s o f congressiona l 
authority—the military , coinag e weight s an d measures , an d patents — 
were th e mos t importan t i n bringin g abou t governmen t suppor t fo r 
science. An d i n ou r time s a  fourt h power—t o spen d fo r th e genera l 
welfare—has outstrippe d al l of the others in this respect . 

Let u s loo k firs t a t th e military . A t leas t sinc e th e tim e o f Leonard o 
da Vinci , scientist s hav e contribute d directl y t o th e developmen t o f 
sophisticated weaponry. 53 A t times , th e need s o f th e militar y hav e in -
spired science ; a t othe r times , science has inspired th e military. 54 Durin g 
the Revolutionar y War , th e colonies ' leading scientist s participated full y 
in the war effort . Davi d Rittenhous e performe d genera l scienc e advisor y 
work and , i n addition , substitute d iro n fo r th e lead clockwork s i n Phila -
delphia t o obtain lea d fo r bullets. 55 Benjamin Rus h devise d a  gunpowde r 
production metho d use d at the Philadelphia saltpete r works. 56 One colo-
nial scientist, David Bushnell , even invented a  submarine—the America n 
Turtle—which, althoug h unsuccessfu l militarily , wa s a n importan t ad -
vance in its field. 57 

The constitutional clause s concerning nationa l defens e wer e no t writ -
ten t o ai d science , bu t the y wer e written wit h a n understandin g bor n o f 
the Revolutionary Wa r experienc e tha t scienc e was an importan t par t o f 
the militar y effort. 58 Afte r enactmen t o f th e Constitution , th e militar y 
power becam e th e sourc e o f som e o f th e federa l government' s earlies t 
expenditures fo r science . Wartim e experienc e ha d convince d Georg e 
Washington, fo r example , tha t th e countr y neede d a  militar y academ y 
to trai n engineers. 59 Thu s Wes t Point , establishe d i n 1794 , becam e 
America's first  nationa l scientifi c institution—fro m th e beginning , Wes t 
Point taught physic s and mathematic s a s well a s engineering, an d gradu -
ates playe d a  majo r rol e i n governmen t survey s an d relate d activities. 60 

In 1802 , militar y need s furnishe d par t o f th e justificatio n fo r congres -
sional fundin g o f th e Lewi s an d Clar k expedition , whic h mad e valuabl e 
findings i n fields  suc h a s botan y an d zoology. 61 Fro m thos e earl y year s 
until th e present , militar y expenditure s hav e include d scientifi c researc h 
in a  variet y o f areas , rangin g fro m astronom y t o healt h t o nuclea r 
physics.62 

The onl y constitutiona l provisio n tha t arguabl y pose s a  barrie r t o 
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the military-scienc e relationshi p relate s t o th e congressiona l powe r ove r 
military appropriations . A s a  concession t o thos e wh o oppose d a  stand -
ing army, th e Constitutio n provide s tha t Congres s shal l hav e th e powe r 
"to rais e an d suppor t armies , bu t n o appropriatio n o f mone y t o tha t 
use shal l b e fo r a  longe r ter m tha n tw o years." 63 Th e debate s a t th e 
constitutional conventio n 6 4 an d i n th e Federalist  Papers  65 indicat e tha t 
this claus e wa s designe d t o provid e clos e congressiona l oversigh t o f 
military expenditures . I f rea d broadl y t o include , fo r example , prohibi -
tion o f fundin g fo r long-ter m researc h programs , th e claus e coul d ham -
per th e military' s relationshi p wit h science : i t i s difficul t t o requir e 
short an d specifi c tim e limit s fo r researc h an d developmen t contract s a s 
distinguished fo r ordinar y militar y procurement becaus e such time limit s 
can hinde r th e scientifi c endeavor. 66 Opinion s o f th e attorne y general , 
however, hav e conclude d tha t th e two-yea r appropriatio n claus e doe s 
not limi t th e military' s powe r t o mak e long-ter m contracts. 67 Thu s th e 
military portio n o f th e constitutiona l connectio n betwee n governmen t 
and science is secure. 

Congressional authorit y ove r coinage , weights , an d measure s pro -
vides anothe r constitutiona l lin k betwee n governmen t an d science. 68 

Effective implementatio n o f the coinage power was thought a t the outse t 
to requir e th e highes t orde r o f scientifi c talent . Presiden t Jefferso n ap -
pointed th e ubiquitous Rittenhous e t o be the first  director o f the Mint, 69 

and fo r hal f a  century th e Min t wa s headed b y scientists. 70 The appoint -
ment of scientist s to this directorship was only partially successful . Coin -
age requires skill , but no t tha t o f a  scientist.71 Today , th e Mint occupie s 
only a  modest place in the government's scientifi c activities . 

The federa l powe r ove r weights and measure s had th e opposite devel -
opment. Althoug h president s fro m Washingto n throug h Joh n Quinc y 
Adams urge d developmen t o f exac t standards , a  task requirin g consider -
able research o n fundamenta l physica l constants , Congress was reluctan t 
to spend muc h money. 72 The study o f weight s an d measure s was limite d 
to a  mino r effor t i n th e Treasur y Department' s Coas t Survey , an d eve n 
that effor t wa s no t formalize d unti l establishmen t o f th e Offic e o f 
Weights an d Measure s i n 1836. 73 I n 1901 , however , Congres s create d 
the Nationa l Burea u o f Standard s an d combine d it s powe r ove r th e 
preparation o f standard s wit h powe r t o solv e "problem s whic h aris e i n 
connection wit h standards ; th e determinatio n o f physica l constant s an d 
the propertie s o f material , whe n suc h dat a ar e o f grea t importanc e t o 
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scientific o r manufacturin g interests." 74 Creatio n o f th e burea u wa s a 
major even t fo r America' s physicist s an d chemists. 75 Althoug h burea u 
funding vacillate d ove r th e years , i t mad e importan t contribution s t o 
scientific researc h sinc e it s inception. 76 Today , th e bureau , no w know n 
as the National Institut e of Standard s and Technology, carrie s out basi c 
research in a variety of fields, including physics, mathematics, chemistry , 
and computer science.77 

The final  direc t constitutiona l lin k betwee n scienc e an d governmen t 
stems fro m th e paten t claus e i n th e Constitution , whic h provide s tha t 
"Congress shal l hav e th e power . . . t o promot e th e progress o f scienc e 
and usefu l arts , b y securin g fo r limite d time s t o author s an d inventor s 
the exclusiv e righ t t o thei r respectiv e writing s an d discoveries." 78 Be -
cause both the patent and copyright powers stem from this clause, som e 
contend tha t th e claus e shoul d b e analyze d a s a  "balance d sentence, " 
giving Congres s tw o separat e powers : "t o promot e th e progres s o f sci -
ence . . . b y securin g . . . t o author s .  . . th e exclusiv e righ t t o thei r 
writings" and "to promote the progress of. .  . useful art s . .. b y securing 
. .  . to inventor s .  . . the exclusive righ t to thei r .  . . discoveries."79 Thi s 
reading limits the word science  to the copyright power, a  possible resul t 
in ligh t o f th e broa d eighteenth-centur y usag e o f th e word . Th e "bal -
anced sentence " approac h ha s bee n challenge d vigorousl y o n th e 
ground, inte r alia , tha t earl y paten t law s referre d t o th e "art " an d 
"science" o f invention , an d thu s th e paten t powe r properl y extend s t o 
both "scienc e and useful arts." 80 

In practice , paten t la w include s wha t i s terme d scienc e an d technol -
ogy, subject to limitations such as the nonpatentability o f laws of nature. 
The origin s o f th e paten t clause , wit h emphasi s o n th e ke y goa l o f 
spurring progress , hav e bee n exhaustively  studied. 81 Fro m ou r perspec -
tive, i t i s importan t t o not e tha t awardin g patent s doe s no t involv e th e 
government directl y i n funding 82 o r i n choosin g precis e area s o f re -
search. Nevertheless , th e paten t monopol y i s a n incentiv e fo r scientifi c 
progress, an d th e rang e o f patentabl e item s define s th e broa d area s i n 
which tha t incentiv e wil l operate . Prio r t o th e America n Revolution , 
European patent s wer e grante d a t time s t o protec t ol d a s wel l a s ne w 
products.83 Th e America n aversio n t o monopolie s an d th e Enlighten -
ment goa l o f furtherin g knowledg e combine d t o limi t th e patent claus e 
to thos e invention s tha t promot e progress. 84 Congres s an d th e court s 
have bee n reasonabl y consisten t i n adherin g t o thi s limitation . Thu s 
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patents ar e not availabl e fo r obviou s developments , however valuable. 85 

Nor ar e the y availabl e fo r nonobviou s discoverie s suc h a s Newton' s 
laws, becaus e permittin g monopolie s o n law s o f natur e o r mathematic s 
would tak e essentia l buildin g block s awa y fro m othe r scientist s an d 
retard th e developmen t o f science. 86 A s a  result , th e paten t powe r i s 
limited t o thos e discoverie s tha t fal l somewher e betwee n th e mundan e 
and th e magnificent . Fro m th e poin t o f vie w o f intellectua l property , a n 
obvious discover y o r a  newl y discovere d la w o f natur e migh t b e jus t 
as valuabl e a s a  patentabl e device , bu t progress , no t value , set s th e 
constitutional standard . 

Science Spending  for  the  General  Welfare 

If governmen t spendin g fo r scienc e ha d bee n limite d t o direc t further -
ance of the constitutional provision s jus t discussed, that spendin g woul d 
not hav e rise n t o it s current heights . But fro m th e tim e Presiden t Wash -
ington tol d th e first  Congres s tha t "ther e i s nothin g whic h ca n bette r 
deserve you r patronag e tha n th e promotio n o f science," 87 America n 
leaders hav e favore d spendin g fo r scienc e i n area s quit e remot e fro m 
Congress' enumerated powers . 

It wa s Alexande r Hamilto n wh o provide d th e constitutiona l theory . 
In hi s Report  on  the  Subject  of  Manufacturers,  Hamilto n supporte d 
monetary reward s t o spu r "ne w invention s an d discoverie s .  . . particu -
larly thos e whic h relat e t o machinery." 88 I n the mids t o f discussin g thi s 
proposal, Hamilto n state s tha t "[a ] questio n ha s bee n mad e concernin g 
the constitutiona l righ t o f th e governmen t o f th e Unite d State s t o appl y 
this specie s o f encouragement, " bu t h e argue s tha t th e constitutiona l 
basis is found i n Congress' power to "la y and collect taxes . . . t o provid e 
for th e .  . .  genera l welfar e .  . . ," tha t is , i n wha t w e no w ter m th e 
spending power. 89 

Hamilton wa s advancin g wha t w e now thin k o f a s the broa d vie w of 
the spendin g power : th e constitutiona l powe r t o spen d "fo r th e genera l 
welfare" extend s beyon d th e abilit y t o spen d fo r Congress ' enumerate d 
powers. The narro w view , that spendin g fo r th e genera l welfar e mus t b e 
linked t o a  specifi c powe r (suc h a s suppor t fo r th e military) , i s i n th e 
early year s o f th e Republi c identifie d wit h Madison. 90 Bu t spendin g fo r 
science ha s bee n seductiv e throughou t America n history : ther e i s evi -
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dence tha t eve n Madiso n too k a  broa d vie w o f congressiona l powe r 
when scienc e was involved . 

When Joh n Churchma n o f Marylan d cam e t o Congres s i n 178 9 
seeking fund s fo r a n expeditio n t o Baffi n Ba y t o tes t hi s idea s o n de -
termining longitud e b y the magnetic variation o f the compass , Madison , 
a membe r o f Congres s a t th e time , supported th e request. 91 I n a n argu -
ment tha t foreshadow s moder n politica l suppor t fo r science , Madiso n 
maintained tha t "[i] f ther e i s any considerabl e probabilit y tha t th e pro -
jected voyag e woul d b e successful , o r thro w an y valuabl e ligh t o n th e 
discovery o f longitude , i t certainly comport s wit h th e honor an d dignit y 
of Governmen t t o give it their countenanc e an d support . Gentleme n wil l 
recollect, tha t som e o f th e mos t importan t discoveries , bot h i n art s an d 
sciences, hav e com e forwar d unde r ver y unpromisin g an d suspiciou s 
appearances."92 

Brant, Madison' s biographer , argue s persuasivel y tha t suppor t o f 
Churchman "coul d b e justifie d onl y unde r Hamilton' s interpretatio n o f 
the Constitutio n .  . . [tha t is ] onl y b y a  sweepin g interpretatio n o f th e 
power t o spen d fo r th e genera l welfare." 93 I n an y event , Congres s 
rejected Churchman' s petitio n becaus e o f th e youn g nation' s trouble d 
financial state. 94 

In general , suc h proposal s ha d difficult y securin g congressiona l sup -
port i n th e first  hal f o f th e nineteent h centur y becaus e o f constitutiona l 
objections, limite d money , th e fea r o f centralize d federa l power , an d 
attacks o n th e "speculative " o f "visionary " natur e o f th e scientifi c en -
deavor.95 Thus , federa l spendin g fo r scienc e befor e th e Civi l War , al -
though varied , wa s almos t alway s tie d t o specifi c congressiona l pow -
ers.96 Th e constitutiona l questio n o f whethe r Congres s coul d fun d 
science a s part o f it s power t o spend "fo r th e genera l welfare " remaine d 
unresolved. 

The majo r breakthroug h cam e i n 186 2 whe n Congres s create d th e 
Department o f Agricultur e pursuan t t o th e powe r t o spen d fo r th e 
general welfare , an d directe d th e department t o employ "chemists , bota -
nists, entomologists , an d othe r person s skille d i n th e natura l science s 
pertaining t o agriculture." 97 Th e sam e yea r marke d establishmen t o f 
the lan d gran t colleges , whic h becam e center s o f scientifi c agricultura l 
research.98 A s a  resul t o f thes e an d relate d developments , federa l scien -
tific researc h i n agricultur e increase d throughou t th e nineteent h 
century.99 
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When th e Suprem e Court , i n 1936 , first  delineate d th e scop e o f th e 
federal spendin g power , i t confirmed federa l powe r t o spen d fo r science . 
In United  States  v.  Butler, 100 th e Cour t adopte d th e Hamiltonia n vie w 
that federa l spendin g need no t b e limited t o the enumerated powers , bu t 
could b e for th e general welfare. 101 Th e Cour t relie d o n th e very passag e 
in th e Report  on  the  Subject  of  Manufacturers  i n whic h Hamilto n sup -
ported premium s fo r scientifi c advances. 102 Th e brie f fo r th e federa l 
government ha d urge d th e Cour t t o tak e thi s cours e i n par t s o tha t 
federal scienc e spendin g program s woul d no t b e endangered. 103 Th e 
Court cite d Madiso n a s supportin g th e opposin g vie w tha t spendin g 
must b e limite d t o th e enumerate d powers. 104 Wit h respec t t o spendin g 
for science , however , Madiso n wa s n o Madisonian ; a s note d earlier , h e 
favored federa l financing  o f a  scientifi c expeditio n tha t coul d no t b e 
justified unde r an y enumerated power. 105 

Butler an d late r decision s establishe d beyon d a  doub t tha t scienc e 
spending fo r th e genera l welfar e i s constitutional . Becaus e scientifi c ad -
vances ca n provid e variou s benefit s fo r societ y a t large , th e genera l 
welfare tes t is met easily.106 Whereas state s also are free t o fund scientifi c 
research, the y traditionall y hav e no t bee n th e dominan t actor s i n thi s 
area. The federa l government' s pervasiv e power ove r defense , standards , 
and patent s limit s th e states ' role , an d federa l scienc e spendin g i n thos e 
fields as wel l a s fo r th e genera l welfar e ha s existe d fo r ove r 10 0 years . 
Although stat e scienc e program s hav e existe d fo r som e time , these typi -
cally hav e bee n eithe r i n partnershi p wit h th e federa l governmen t o r 
minor i n scop e compare d t o federa l activities. 107 A s earl y a s 1846 , fo r 
example, th e federa l governmen t provide d mor e tha n twic e a s muc h 
support t o leading scientist s than di d al l state governments combined. 108 

In recent years , the ratio has shifted eve n more in the direction o f federa l 
involvement.109 

Thus federa l spendin g fo r scienc e i s no t simpl y a  matte r o f politica l 
preference tha t shift s dramaticall y wit h changin g politica l tides . I t i s 
rooted firmly  i n both Hamiltonia n an d Madisonia n view s o f th e Consti -
tution, an d i t i s tie d clearl y t o historica l an d institutiona l realitie s tha t 
stretch bac k mor e than a  century . 

The post-Worl d Wa r I I growt h o f governmen t suppor t fo r science , 
spurred b y the developmen t o f nuclea r weapon s an d th e space program , 
has at times obscured thi s reality. Yet reference t o federal spendin g levels 
since the Civi l War demonstrate s tha t th e federa l commitmen t t o scienc e 
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did no t begi n wit h th e Manhatta n Project . I n 1884 , whe n laissez-fair e 
and states ' right philosophies prevailed 110 an d tota l federa l expenditure s 
were onl y abou t $24 0 million, 111 intramura l bickerin g amon g federa l 
science programs le d to congressional inquir y int o the need fo r reorgani -
zation.112 Federa l spendin g fo r scienc e totalled severa l millio n dollar s a t 
the time, 113 an d variou s program s ha d overlappin g jurisdiction. 114 Fo r 
purposes o f compariso n wit h th e leve l o f federa l activit y i n othe r areas , 
it shoul d b e note d tha t thi s bickerin g amon g severa l scienc e agencie s 
took plac e thre e year s befor e creatio n o f th e first  moder n regulator y 
agency, th e Interstat e Commerc e Commission. 115 B y 1904 , federa l 
spending fo r scienc e wa s approximatel y $1 0 million, 116 a  figure  tha t 
grew to about $8 5 millio n b y 1940. 117 

Today, governmen t scienc e spendin g ha s grow n enormousl y t o ove r 
$75 billion , about $1 4 billion of which i s for basi c research.118 The basi c 
research figure  constitute s ove r 6 0 percen t o f al l America n spendin g i n 
that field. 119 

Liberals an d conservative s alik e suppor t governmen t scienc e spend -
ing, demonstratin g onc e agai n th e centra l rol e o f th e scientifi c idea l i n 
the America n tradition. 120 Th e usua l America n preferenc e fo r privat e 
market force s doe s no t appl y whe n a  produc t produce s a  larg e "publi c 
good"—that is , a  benefit , lik e nationa l defense , tha t al l shar e whethe r 
or no t the y pa y fo r it . I n suc h cases , publi c suppor t fo r th e produc t i s 
necessary t o ensur e tha t thos e wh o benefi t pa y an d t o avoi d th e resul t 
that to o littl e o f th e produc t will  b e produce d becaus e th e producer s 
cannot captur e al l th e gains . Mos t economist s agre e tha t scienc e i s a 
classic "publi c good." 121 A n advanc e ca n benefi t million s i n way s tha t 
the privat e secto r ca n capitaliz e o n onl y wit h difficulty . Moreover , ad -
vances ar e uncertai n an d benefit s distant , furthe r supportin g publi c 
involvement. 

Distributional concern s ar e similarl y absen t fro m mos t publi c debat e 
over scienc e spending . A  federa l progra m t o subsidiz e hom e buyer s i s 
debated i n terms of which sector s o f the society benefi t a t the expense of 
others. Science , however , i s generally believe d t o benefi t virtuall y every -
one, a t leas t potentially . Scienc e is viewed primarily a s a great equalizer , 
making bette r healt h care , energy , an d th e lik e mor e availabl e t o all . 
There are , o f course , dissenter s fro m thi s view . A  fe w vie w scienc e a s 
reinforcing existin g disparitie s i n America n society. 122 Bu t th e main -
stream vie w throughout America n politic s is very much t o the contrary . 
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Thus th e overal l constitutiona l statu s o f scienc e i s favorabl e indeed . 
On th e on e hand , scientist s ar e abl e t o pursu e thei r professio n fre e o f 
government censorship . O n th e othe r hand , scientist s receiv e generou s 
government support . 

The Tension  between  Freedom  and  Funding 

There is , however , a n importan t tensio n i n thi s constitutiona l frame -
work. I n givin g ou t it s mone y t o scientists , th e governmen t necessaril y 
chooses amon g competin g applicants . Thos e wh o los e ou t ar e fre e t o 
pursue thei r research , bu t thei r freedo m ma y ofte n b e theoretical , give n 
the costs of research an d th e federa l dominanc e in funding tha t research . 

Obviously scienc e i s treate d differently  i n ou r constitutiona l syste m 
than religion , becaus e the Firs t Amendment bar s government fundin g o f 
the latter . Bu t the specia l statu s o f scienc e under ou r constitutio n i s bes t 
illustrated b y contrastin g i t wit h th e statu s o f th e art s an d politics . 
Literature an d th e art s ar e usuall y describe d a s enjoyin g th e sam e Firs t 
Amendment protectio n a s science , th e Suprem e Cour t havin g hel d tha t 
the Firs t Amendmen t protect s "seriou s literary , artistic , politica l [and ] 
scientific" works. 123 Actually , scienc e ma y far e bette r whe n w e recall , 
for example , that novels by Edmund Wilson and Henr y Mille r have been 
banned unde r varyin g test s o f obscenity , wherea s se x manual s o f rathe r 
limited importanc e hav e lon g bee n protecte d becaus e the y fal l int o th e 
category o f science. 124 

The greates t contrast , however , betwee n scienc e an d th e art s appear s 
in th e relationshi p betwee n freedo m an d funding . Federa l spendin g fo r 
the art s lack s th e built-i n impetu s o f th e militar y an d standard s clauses , 
as wel l a s the historica l associatio n o f scienc e spendin g with th e genera l 
welfare. Thus government spendin g for the arts, although constitutional , 
has remained quit e low, and, even with recen t increases, is a tiny fractio n 
of spendin g fo r science. 125 Ye t eve n wit h suppor t fo r th e art s a t suc h a 
low level , man y artist s (no t t o mentio n politicians ) believ e tha t govern -
ment funding raise s troubling questions concerning government domina -
tion of the artistic impulse and government suppor t fo r "popular " rathe r 
than "elite " artisti c endeavors. 126 B y contrast , scientist s ar e relativel y 
comfortable wit h thei r statu s a s recipient s o f federa l larges s despit e 
the fa r mor e intimat e relationshi p betwee n governmen t an d science . 
Questions ar e raise d abou t whethe r th e righ t scientist s ar e receivin g 
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funding, bu t scienc e in thi s countr y lon g ag o crosse d th e bridg e tha t th e 
arts confron t onl y i n th e distance . Scienc e i s to a  larg e exten t a  govern -
ment endeavor , an d ye t scientist s hav e continue d t o enjo y considerabl e 
intellectual freedom . 

Nothing inheren t i n the natur e o f ar t o r scienc e compel s thi s unequa l 
status. I n Europe , governmen t suppor t fo r ar t historicall y ha s bee n fa r 
greater tha n i n thi s country , wit h n o apparen t los s o f creativity. 127 I n 
contrast, twentieth-centur y experienc e i n German y an d th e forme r So -
viet Unio n indicate s tha t governmen t dominatio n o f scienc e ca n hav e 
unfortunate consequence s fo r th e scientifi c endeavor . Unde r th e Nazi s 
German researcher s ha d t o avoi d anythin g tha t smacke d o f " J e w i s n 

science," wherea s i n th e Stalinis t Sovie t Unio n governmen t suppor t o f 
Lysenkoism hampere d th e development o f biology fo r years. 128 Thus th e 
role o f scienc e i n America n societ y doe s no t ste m fro m th e natur e o f 
science itsel f bu t rather , i n larg e part , fro m it s uniqu e constitutiona l 
status. Fundin g i s combined wit h protection s fo r scientifi c freedom , an d 
scientists routinel y cal l fo r increase d appropriation s whil e vigorousl y 
invoking the name o f Galile o when restriction s o n thei r privat e inquirie s 
are broache d o r whe n th e governmen t tightl y control s ho w it s researc h 
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money i s spent . 
The statu s o f scienc e unde r th e Constitutio n als o contrast s sharpl y 

with th e place of politica l speec h i n the United States . Politics enjoys th e 
same fre e speec h protectio n a s science, 130 although , a s wit h th e arts , 
science may actually far e bette r i n practice . 

In Buckley  v.  Valeo,  fo r example , th e Suprem e Cour t uphel d a  con -
gressional limi t on the amount a n individua l ca n contribute t o a  politica l 
candidate.131 Th e Cour t foun d justificatio n fo r thi s limi t i n th e corrup -
tion an d th e appearanc e o f corruptio n whe n larg e privat e contribution s 
dominate a n electio n campaign . Th e Cour t specificall y cite d corrup t 
practices i n th e 197 2 elections. 132 Give n th e absenc e o f an y simila r 
concerns involving private contributions t o scientific research , i t is not a t 
all clea r tha t Congres s coul d constitutionall y limi t a n individual' s free -
dom t o contribut e t o another' s effort s t o communicat e a  scientifi c 
theory. 

Furthermore, i n politic s a s i n th e arts , th e bigges t contras t wit h sci -
ence i s the relationshi p betwee n freedo m an d funding . Supportin g poli -
tics throug h governmen t fundin g raise s importan t Firs t Amendmen t 
problems, eve n whe n th e amoun t o f mone y involve d i s smal l compare d 
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with th e amounts spen t on science. Thus, in Buckley tw o Supreme Cour t 
justices believe d tha t federa l fundin g o f presidentia l campaign s wa s un -
constitutional give n th e disadvantag e thi s syste m create s fo r mino r par -
ties wh o ar e no t funded. 133 Chie f Justic e Burge r eve n analogize d th e 
dangers o f politica l fundin g t o th e danger s o f establishin g religion. 134 

Although th e majorit y o f th e Cour t uphel d th e fundin g schem e o n it s 
face, they noted, "w e of course do not rule out the possibility of conclud -
ing in some future case , upon a n appropriate factua l demonstration , tha t 
the publi c financing  syste m invidiousl y discriminate s agains t nonmajo r 
parties."135 

Federal fundin g o f scienc e i s no t perceive d a s raisin g suc h questions . 
The scientist s who d o no t receiv e fundin g ar e certainly disadvantage d i n 
developing an d presentin g thei r theorie s i n the marketplace o f ideas , bu t 
that pric e mus t b e pai d t o maintai n science' s uniqu e dua l statu s a s 
supported an d free . 

Indeed, eve n thi s pric e i s no t a s hig h a s i t migh t b e becaus e o f th e 
final episod e i n th e favore d constitutiona l statu s o f science . Typically , 
when th e government fund s a n activit y i t has the power t o attach string s 
that migh t otherwis e violat e individua l rights . Bu t thi s powe r ha s bee n 
narrowly construe d whe n i t is a science program tha t i s being supported . 

The leadin g moder n case  o n governmen t powe r i n thi s are a i s th e 
Supreme Court' s 199 1 decisio n i n Rust  v.  Sullivan. 136 I n a  controversia l 
5-4 ruling , th e Cour t hel d tha t recipient s o f federa l famil y plannin g 
money coul d b e prohibite d fro m engagin g i n abortio n counselin g an d 
referral. Th e Cour t reasone d tha t recipient s coul d advocat e abortio n o n 
their ow n time , bu t the y wer e boun d b y th e government' s restriction s 
when the y wer e performin g service s supporte d b y governmen t money . 
Neither fre e speec h right s no r th e righ t t o a n abortio n coul d overcom e 
the government's abilit y t o attach string s to its largess. 

Shortly afte r Rust  wa s decided , a  federa l distric t cour t wa s presente d 
with a  case  tha t th e governmen t maintaine d wa s indistinguishable . 
Board of  Trustees  of  Stanford  University  v.  Sullivan  13 7 aros e whe n th e 
National Heart , Lung , an d Bloo d Institut e o f th e Nationa l Institute s o f 
Health decide d t o awar d a  contrac t fo r a  five-year  researc h projec t o n 
an artificia l hear t t o Dr . Phili p Oye r o f Stanfor d Medica l School . A 
confidentiality claus e i n th e gran t require d Dr . Oye r t o giv e a  govern -
ment contractin g office r forty-fiv e day s advanc e notic e o f hi s inten t t o 
publish preliminar y findings.  I f th e office r objecte d t o publication , fur -
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ther revie w b y th e governmen t wa s available . Bu t ultimatel y th e docto r 
would hav e t o g o t o cour t i f th e governmen t continue d t o oppos e 
publication. Th e basi s fo r thes e governmen t regulation s wa s a  desir e t o 
prevent th e Stanfor d researche r fro m issuin g "preliminar y unvalidate d 
findings" tha t "coul d creat e erroneous conclusions which migh t threate n 
public healt h o r safet y i f acte d upon, " o r tha t migh t hav e "advers e 
effects o n .  . . the Federal agency." 138 

When Stanfor d challenge d th e confidentialit y claus e i n court , federa l 
judge Harol d H . Green e rejecte d th e government' s argumen t tha t thi s 
was n o differen t tha n th e restrictio n o n speec h uphel d i n Rust  v.  Sulli-
van, Green e maintained tha t wherea s the grantees in Rust  remaine d fre e 
to advocat e abortio n o n thei r ow n time , Dr. Oye r wa s barre d fro m eve r 
discussing hi s artificia l hear t researc h durin g th e five-year  gran t period . 
The cour t note d that , althoug h th e confidentialit y claus e only applie d t o 
this governmen t grant , i t would b e har d t o polic e th e statement s o f Dr . 
Oyer t o se e i f he was referrin g t o wor k unde r th e grant , becaus e h e ha d 
worked fo r almos t twent y year s i n th e artificia l hear t field. 139 Finally , 
Greene maintaine d tha t th e government' s standard s fo r restrictin g 
speech—"unvalidated findings,"  "threate n publi c healt h an d safety, " 
and s o on—wer e to o vagu e t o b e constitutionall y permissible. 140 Thu s 
Greene invoke d th e ful l forc e o f th e Firs t Amendment' s fre e speec h 
clause to remove this limi t on th e freedom o f a  scientific researcher . 

It ma y b e tha t Judg e Green e wa s simpl y distinguishin g Rust  an d 
protecting fre e speec h a s an abstrac t proposition . Bu t the distinctions h e 
drew ar e no t self-evident . Th e grantee s i n Rust  coul d advocat e abortio n 
"on thei r ow n time " becaus e th e governmen t interes t i n tha t cas e wa s 
precisely tha t abortio n no t b e advocated i n a  particular federall y funde d 
program. Th e governmen t interes t i n th e Stanford  cas e wa s tha t th e 
public no t b e misle d b y preliminar y an d misleadin g result s obtaine d 
from federall y sponsore d research . That dange r i s just as great no matte r 
when durin g the day the researcher talk s about thos e results . 

In reality, Judge Greene had flexibility  i n deciding whether th e restric -
tion i n Stanford  woul d b e characterized a s a reasonable effor t t o achiev e 
a valid governmen t ai m o r a s a  clumsy, overbroad attemp t t o extend th e 
hand o f governmen t to o far . A  majo r facto r i n hi s decisio n t o tak e th e 
latter cours e was the weight h e gave to scientifi c value s and th e views of 
the scientifi c community . H e stressed , fo r example , that i t was troublin g 
to hav e a  "non-scientis t contractin g officer " tel l "Stanfor d University , a 
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premier academi c institution , engage d i n significan t scientifi c an d medi -
cal research" wha t constitute d "unvalidate d findings." 141 H e noted tha t 
even "i n th e Soviet Union, where Joseph Stali n a t one time decided wha t 
could b e published an d b y whom, th e dead han d o f governmen t contro l 
of scientifi c researc h an d publication i s apparently n o more." 142 

It would b e a  mistake to conclud e tha t th e government canno t attac h 
any string s t o researc h project s i t funds . I t can , afte r all , attac h th e 
biggest string of all—i t dictate s what sor t of researc h th e money i s to b e 
used for . Bu t th e Stanford  cas e show s tha t i n thi s are a o f constitutiona l 
law, as in others , the science community fare s rathe r wel l indeed . 

Thus governmen t fundin g play s a  centra l rol e i n th e constitutiona l 
framework tha t shape s America n science . Bu t precisel y ho w fundin g 
decisions ar e made i s not resolve d b y the Constitution . W e must tur n t o 
the statutor y control s o n scientifi c researc h t o understan d tha t crucia l 
question. 



• F  O  U  R  • 

The Statutor y Framewor k 
for Basi c Researc h 

As w e hav e seen , Congres s possesse s th e constitutiona l powe r t o fun d 
scientific research . Bu t Congres s lack s th e institutiona l capabilit y t o 
make th e day-to-da y decision s concernin g wh o get s tha t funding . Ther e 
are simply too many suc h decisions and they involve too much expertise . 
Thus Congres s ha s passe d statute s delegatin g it s scienc e fundin g powe r 
to administrativ e agencies . Fo r example , whe n Congres s create d th e 
National Scienc e Foundation, 1 i t sai d th e agenc y shoul d "suppor t basi c 
scientific research " an d hav e th e wor k don e b y thos e "qualifie d b y 
training an d experienc e t o achiev e the result s desired." 2 Similarl y broa d 
language wa s use d t o se t fort h th e scienc e fundin g jo b o f agencie s lik e 
the Departmen t o f Defense , th e Nationa l Institute s o f Health , an d th e 
Department o f Energy. 3 

Delegation to  Agencies  of  Funding  Decisions 

In practice, Congres s allocate s billion s of dollar s a  year fo r basi c science 
with th e condition tha t th e recipient agencie s use the money fo r researc h 
in broadly define d fields.  Obviously , th e agenc y itsel f answer s th e toug h 
questions i n evaluatin g individua l request s fo r funding : Wha t specifi c 
areas o f researc h ar e mos t promising ? Wha t kind s o f qualification s 
should matte r mos t i n makin g a  grant ? Thu s th e difficul t decision s o n 
funding ar e made b y full-time agenc y employee s an d th e outside consul -
tants the y retai n t o evaluat e gran t an d contrac t applications . The classi c 

44 
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method use d i s a competitive pee r revie w system i n which expert s evalu -
ate and compar e fundin g requests , and the n choos e the winners . 

The Suprem e Cour t ha s provide d importan t suppor t fo r th e centra l 
role of the agencies by holding that only actua l congressiona l legislation , 
as opposed t o comment s foun d i n the legislativ e history , bin d a n agenc y 
to a  particula r spendin g program. 4 Thu s a  singl e member' s desir e t o 
fund a  particular scienc e project , expressed , fo r exampl e a t a  hearing, i s 
not binding . Accordin g t o the Court' s 199 3 decisio n i n Lincoln  v.  Vigil, 
"the very poin t o f a  lump-sum appropriatio n [b y Congress ] i s to give an 
agency th e capacit y t o adap t t o changin g circumstance s an d mee t it s 
statutory responsibilitie s i n wha t i t see s a s th e mos t effectiv e o r desir -
able way." 5 

Of course , agenc y official s wil l often , a s a  matte r o f prudence , hee d 
concerns expressed b y members o f Congres s i n hearings, or advice given 
in a  committe e repor t a s to ho w mone y ough t t o b e spent , eve n thoug h 
these input s ar e no t legall y binding . Bu t even thes e relativel y eas y form s 
of guidanc e ar e rarel y forthcomin g i n th e highl y technica l field  o f re -
search funding . 

Indeed, agency contro l ove r science funding i s so well established tha t 
deviations fro m th e patter n attrac t considerabl e attention . When , i n 
1984, som e universitie s seekin g scienc e fundin g attempte d t o follo w a 
different route , the Washington  Post  trumpete d i n a front-page headline , 
"Colleges Bypas s Agencie s t o Ge t Federa l Funds." 6 Wha t shad y proces s 
had thes e school s engage d in ? Accordin g t o th e article , th e school s ha d 
sought fund s "directl y fro m Congres s withou t goin g throug h th e usual , 
laborious rout e o f applyin g t o federa l agencies." 7 Th e notio n tha t th e 
democratically electe d Congres s woul d pas s legislatio n settin g specifi c 
research prioritie s i s generall y regarde d a s "pork-barre l politics" 8 o r 
inappropriate "earmarking" 9 tha t shoul d no t b e allowe d t o subver t th e 
expert revie w taking place in the permanent bureaucracy . 

The continuin g controvers y ove r th e "earmarking " o f scientifi c re -
search fund s i s instructive. Beginnin g i n the early 1980s , Congress occa -
sionally passe d law s requirin g a n agenc y t o fun d a  particula r scientifi c 
project, usuall y one involving building a  facility a t a  specific university. 10 

Prominent example s include d th e Soybea n Laborator y a t th e Universit y 
of Illinois-Urban a an d th e Wast e Managemen t Cente r a t th e Universit y 
of Ne w Orleans. 11 Members o f Congres s a t times justify thi s practice b y 
saying they wan t t o sprea d ou t researc h mone y s o that i t does no t al l go 
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to th e sam e elit e institutions , th e notio n bein g tha t goo d scienc e take s 
place i n man y places . I n practice , o f course , earmarkin g ha s tende d t o 
favor th e constituencie s o f powerfu l member s rathe r tha n an y neutra l 
geographic pattern. 12 

In an y event , earmarkin g ha s receive d almos t universa l condemna -
tion. "Basi c an d applie d research, " th e newspaper s say , "shoul d b e 
determined b y pee r an d meri t review , no t congressiona l favoritism." 13 

The President' s Counci l o f Scienc e Advisors say s that earmarkin g "mus t 
cease an d mus t no t b e initiate d o r encourage d b y universities." 14 On e 
scholar see s in "porkbarre l science " th e "corruptio n o f ou r researc h en -
terprise."15 

One might surmise from thi s that scienc e funding ha s been taken ove r 
by th e grea t unwashed . I n reality , earmarking , eve n takin g th e highes t 
estimates an d assumin g tha t non e o f i t i s don e i n goo d faith , account s 
for unde r i  percen t o f th e federa l government' s spendin g o n researc h 
and development. 16 Vastl y mor e "porkbarrel " spendin g take s plac e i n 
countless nonscience area s throughout th e U.S. budget.17 

What i s derided a s "porkbarrel " is , through anothe r lens , democracy . 
When representative s spen d th e taxpayers ' mone y ther e ar e a t leas t 
elections t o tak e the m t o task . Th e syste m i s fa r fro m perfect , but , 
outside th e real m o f scienc e spending , i t i s a t leas t understoo d tha t 
voters choos e peopl e wh o vot e o n spendin g programs . Bu t scienc e i s 
different—here th e presumption i s that a n elit e group, the scienc e com -
munity itself , decide s ho w t o slic e u p it s ow n portio n o f th e federa l 
pie. 

This presumptio n reflect s ou r belie f tha t scienc e shoul d no t b e gov -
erned b y interes t grou p politics . Ther e reall y i s "good " an d "bad " 
science and , eve n allowin g fo r har d cases , i t i s safe r t o hav e scientist s 
decide whic h i s which . O f course , bureaucracie s develo p thei r ow n pe t 
projects tha t woul d no t b e part o f a n idea l research program , bu t i t is in 
fact tru e tha t exper t agencie s ar e bette r abl e t o manag e incrementa l 
decisions i n this field than ar e elected officials . Neithe r th e president no r 
members o f Congres s wan t earmarkin g t o replac e pee r revie w a s th e 
norm i n American scienc e funding . 

At thi s point , constitutiona l purist s migh t objec t that , howeve r sub -
stantively attractiv e pee r revie w is , under thi s approac h nonelecte d offi -
cials ar e makin g ke y governmen t decisions , a n approac h th e Constitu -
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tion doe s no t appea r t o envision . Bu t thi s sor t o f broa d delegatio n o f 
congressional powe r t o administrativ e agencie s i s hardl y limite d t o sci -
ence funding . I n man y area s o f governmen t regulation , suc h a s commu -
nications an d environmenta l protection , agencie s actually d o the day-to -
day work . Judicia l constructio n o f th e Constitutio n require s onl y tha t 
Congress provid e "adequat e standards " t o guid e agencies , an d broa d 
language suc h a s "regulat e i n th e publi c interest " ha s bee n foun d ade -
quate—indeed, no t sinc e th e 1930 s ha s th e Suprem e Cour t foun d an y 
congressional delegatio n unconstitutional. 18 Althoug h th e Cour t migh t 
revive nondelegatio n doctrin e someday , i t wil l almos t surel y no t b e i n 
the are a o f scienc e funding , wher e virtuall y n o on e believe s tha t Con -
gress o r th e presiden t ca n provid e meaningfull y detaile d guidanc e o n 
technical decisions . Eve n whe n moder n justice s hav e raise d question s 
about delegation s t o agencies , the y hav e note d tha t Congres s ca n dele -
gate i f i t choose s a  genera l polic y an d leave s implementatio n t o a n 
agency whe n a  "fiel d i s sufficientl y technical , th e groun d t o b e covere d 
sufficiently large , and the Members o f Congres s themselves not necessar -
ily expert." 19 Thu s delegatio n i n th e scienc e fundin g are a ha s no t bee n 
seriously questioned . 

This i s no t simpl y a  twentieth-centur y phenomenon . I n th e scienc e 
area, hig h politica l official s hav e neve r bee n abl e t o spen d thei r tim e 
making detaile d judgments . Eve n Thoma s Jefferso n fel l victi m t o thi s 
reality. As Secretary of Stat e Jefferson personall y examine d paten t appli -
cations. Bu t i n passin g o n thos e applications , Jefferso n sough t an d re -
ceived advic e fro m professor s a t th e Universit y o f Pennsylvania . More -
over, Jefferso n himsel f complaine d tha t th e jo b wa s s o difficul t tha t i t 
gave hi m "fro m tim e t o tim e th e mos t poignan t mortification " becaus e 
he was "oblige d t o giv e undue an d uninforme d opinion s o n right s ofte n 
valuable, and alway s deeme d s o by the authors. " Afte r jus t two years of 
Jefferson's labors , the patent la w was revised t o require tha t th e Depart -
ment o f Stat e issu e patent s automaticall y i f fee s wer e properl y paid . 
Thus the burden o f determining the validity o f patents fel l on the courts . 
By 1836 , Congres s passe d a  ne w la w creatin g a  permanen t offic e o f 
commissioner o f patent s wit h a  professiona l staf f capabl e o f assessin g 
patent applications. 20 Give n th e difficultie s eve n Jefferso n faced , i t i s 
hardly surprisin g tha t toda y scienc e polic y o f al l type s i s mad e initiall y 
in the federal bureaucracy . 
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The Absence  of  a  Department  of  Science 

As a  consequenc e o f thi s approac h ther e i s n o unifie d federa l progra m 
for scienc e spending . Variou s agencies—includin g th e Department s o f 
Defense an d Energy , th e Nationa l Aeronautic s an d Spac e Administra -
tion, and the National Institute s of Health—fund basi c research i n area s 
important t o thei r mission . Th e Nationa l Scienc e Foundation , whic h 
funds basi c researc h i n a  variet y o f areas , countervail s t o som e exten t 
the practica l orientatio n o f th e othe r agencies . Bu t ther e i s no "Depart -
ment o f Science. " And , despit e effort s i n th e Whit e Hous e an d o n 
Capitol Hil l t o ge t a n overvie w o f scienc e spending , ther e i s n o singl e 
"science policy" fo r th e United States. 21 

Moreover, th e differen t agencie s hav e differen t way s o f supportin g 
research. They ca n d o the research themselve s b y using full-time govern -
ment employees o r government-ru n nationa l laboratories , a s is commo n 
with th e Departments o f Defense  an d Energy . Often , however , the agen -
cies fund researc h b y privat e parties , eithe r throug h grant s o r contracts . 
In theory , a  gran t i s give n fo r relativel y open-ende d researc h tha t ma y 
provide informatio n o f us e t o th e government . A  contract , b y contrast , 
is awarde d fo r wor k don e t o mee t mor e precis e specification s se t i n 
advance by the procuring agency . 

In practice , however , ther e i s ofte n littl e differenc e betwee n a  gran t 
and a  contrac t i n th e are a o f scientifi c research . Firs t o f all , whe n a n 
agency award s a  grant , i t i s no t makin g a  gift . Th e agenc y ha s certai n 
broad goal s i t hope s wil l b e accomplished , an d i t support s thos e gran t 
requests tha t see m likel y t o achiev e thos e goals . Secondly, researc h con -
tracts ar e not lik e contracts t o buy nuts an d bolts . They ar e not typicall y 
entered int o throug h th e proces s o f forma l advertising , whic h include s 
the publicatio n o f detaile d specifications , receip t o f seale d bids , an d 
award t o th e bidde r wh o i s lowest o r otherwis e mos t suitable . Afte r all , 
with basi c research, i t would no t b e possible t o se t precise specification s 
in advance . Accordingly , agencie s mor e ofte n us e a  syste m o f "negoti -
ated procurement" i n which a  general agency request fo r proposal s lead s 
to negotiation s betwee n th e agenc y an d intereste d partie s befor e th e 
research contrac t i s awarded. 22 

In reality, the preference o f some agencies (lik e the National Institute s 
of Health ) fo r grants , an d som e (lik e th e Nationa l Aeronautic s an d 
Space Administration) fo r contracts , stems more fro m historica l practic e 
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than fro m an y substantiv e differenc e i n th e kin d o f wor k done. 23 Th e 
central fac t i s that , whethe r throug h gran t o r contract , federa l govern -
ment suppor t o f scientifi c researc h b y privat e partie s i s a  remarkabl y 
ubiquitous aspec t o f America n science . And lik e so man y othe r area s o f 
American science , it is conducted o n a n agency-by-agency basis . 

None o f thi s i s mean t t o sugges t tha t administrativ e agencie s ar e 
wholly autonomous, but they are undeniably th e central actor s in science 
funding decisions . T o a  considerabl e exten t th e res t o f th e executiv e 
branch, a s wel l a s Congress , react s t o wha t a n agenc y requests . Bureau -
cratic power i s always importan t i n budge t making , bu t i t is particularly 
so where , a s here , i t i s marrie d t o a  hig h leve l o f technica l expertise . 
Moreover, scientist s withi n a n agenc y ca n ofte n coun t o n suppor t o n 
budgetary issue s fro m scientist s i n outsid e group s becaus e o f share d 
beliefs i n professional norms. 24 

Limits on  Executive  and  Legislative  Control  of  Agencies 

Under the circumstances, executive and legislative control o f the agencies 
is limited . A t th e Whit e Hous e level , th e smal l Offic e o f Scienc e an d 
Technology polic y ca n advis e th e presiden t o n majo r scienc e polic y 
issues, but i t can hardl y manag e i n detai l th e fundin g decision s mad e b y 
the large missio n agencie s suc h a s Defense , Healt h an d Huma n Services , 
or Energy . Th e president' s scienc e adviso r (a s th e hea d o f thi s offic e i s 
known) can , fo r example , provid e inpu t whe n th e effectivenes s o f a 
major weapon s syste m become s a  matter o f publi c controversy , bu t tha t 
is a different matte r than th e ordinary gran t and contrac t decision s mad e 
daily i n th e bureaucracy . Th e Offic e o f Managemen t an d Budge t ca n 
more vigorousl y enforc e overal l spendin g limit s i n scienc e a s i n othe r 
fields, bu t eve n i t canno t scrutiniz e i n ever y cas e th e ke y question s 
concerning precisely wh o get s the research dollars . 

The president' s mos t importan t effec t o n th e day-to-da y conduc t o f 
science polic y stem s fro m th e powe r t o appoin t th e head s o f agencie s 
and thei r ke y subordinates . Thes e policymaker s wor k closel y wit h th e 
full-time researc h establishmen t an d can acquire considerable knowledg e 
about a t leas t som e progra m areas. 25 A t th e subcabine t level , belo w 
most publi c scrutiny , appointee s shar e authorit y wit h civi l service scien -
tists who have come up through th e ranks. 26 

When Congres s consider s scienc e spendin g i t face s simila r limits . 
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Because ther e i s n o singl e Departmen t o f Science , ther e i s n o singl e 
science budget . Th e various agenc y request s go to numerous committee s 
and subcommittees , hamperin g th e developmen t o f a n overal l policy . 
The proble m i s not , a s i s sometime s supposed , a  lac k o f acces s t o 
technical information . Congres s ca n an d doe s obtai n studie s o n specifi c 
issues fro m suc h group s a s th e Nationa l Academ y o f Science , th e Con -
gressional Researc h Servic e of th e Librar y o f Congress , the Comptrolle r 
General, an d th e Offic e o f Technolog y Assessment , amon g others . Bu t 
these studie s ten d t o b e limite d t o relativel y hig h profil e publi c issues , 
such a s th e utilit y o f sendin g astronaut s int o space , rathe r tha n t o th e 
disposition o f gran t requests . 

The presiden t an d Congress , o f course , cheris h scienc e fo r differen t 
reasons tha n d o scientists . The politica l force s car e more abou t a  payof f 
in practical device s and les s about the growth o f knowledge per se. Thus, 
science i s rarel y immun e fro m budge t cuttin g i n har d times , an d i t i s 
never immune fro m persisten t request s t o justify itsel f i n practical terms . 
A large progra m concentrate d i n a  singl e agency , suc h a s the supercon -
ducting supercollider , ca n b e ende d unceremoniously . Bu t generall y 
money i s provide d i n th e broa d area s wher e practica l result s ar e mos t 
likely, and basi c scientists ar e then allowe d t o work . 

There i s eve n a n importan t sens e i n whic h th e goal s o f ou r electe d 
political official s reinforc e th e norm s o f th e researc h community . Politi -
cians hav e a n understandabl e desir e fo r a  scientifi c "breakthrough. " 
It seem s t o promis e imminen t real-worl d benefit s an d thu s justif y th e 
taxpayers' mone y tha t ha s bee n spen t o n research . Thu s politician s will 
favor a  lin e o f scientifi c researc h tha t will  lea d t o a  dramati c scientifi c 
result, an d leav e fo r late r th e possibilit y tha t th e technologica l payof f i s 
less tha n ideal . A  lin e o f researc h tha t wil l no t lea d t o rapi d scientifi c 
progress wil l b e o f les s interest , a t leas t initially , eve n i f it s longe r ter m 
social prospects ar e admirable . Scientists may , as Snow wrote, "hav e th e 
future i n their bones," 27 but fo r legislator s the future i s now. 28 

The medi a furthe r reinforc e thi s tendency. New s storie s ten d t o focu s 
on dramatic breakthrough s rathe r than day-to-da y research. 29 As Walter 
Lippman wrote , "[T]h e news does not tel l you how the seed is germinat-
ing i n th e ground , bu t i t ma y tel l yo u whe n th e first  sprou t break s 
through th e surface." 30 

Thus i n th e basi c researc h area , th e scientists ' goa l o f scientifi c prog -
ress i s supported, albei t fo r othe r reasons , by political an d medi a forces . 
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Indeed, scientist s themselve s ar e sometime s mor e cautiou s abou t 
whether a  resul t i s a  "breakthrough " tha n ar e politician s o r reporters . 
But ou r society' s majo r built-i n sourc e o f dee p caution—th e proces s 
norms of the lawyer—is no t well represented a t this stage . 

The main ris k i n this system fro m th e scientists ' point o f view, at leas t 
so lon g a s reasonabl e fundin g level s ar e maintained , i s undu e pressur e 
for immediat e result s intruding on sound scientifi c judgment . Thus polit -
ical effort s t o wag e a  "wa r o n cancer " i n th e 1970 s le d t o wastefu l 
spending o n project s wit h politica l bu t relativel y littl e scientifi c appeal . 
Fortunately, the y als o led to a  backlash i n which mor e meaningfu l basi c 
research o n cance r cam e int o fashio n an d mor e practica l progres s cam e 
to be made.31 

A simila r flare-u p onc e marke d congressiona l attitude s towar d mili -
tary researc h an d development . I n 1970 , spurre d i n par t b y th e belie f 
that th e Departmen t o f Defens e ha d bee n spendin g to o muc h mone y o n 
research no t directe d towar d militar y applications , Congres s passe d th e 
Mansfield Amendmen t t o th e Militar y Procuremen t Act. 32 Th e amend -
ment provide d tha t n o research coul d b e undertaken b y the Departmen t 
of Defens e unles s i t had " a direc t an d apparen t relationshi p t o a  specifi c 
military functio n o r operation." 33 Th e amendmen t wa s no t a  success . 
First, i t had littl e impact , a s Defense Departmen t official s wer e adep t a t 
pointing t o previousl y nonobviou s implication s o f researc h funde d b y 
the department . Secondly , th e amendmen t wa s soundl y attacke d o n th e 
ground that , i f take n seriously , i t woul d hinde r valuabl e researc h be -
cause goo d basi c scienc e ofte n canno t b e show n t o hav e a  "direc t rela -
tionship" t o a  particula r end . I n th e 197 1 procuremen t bil l th e amend -
ment wa s dilute d t o provid e tha t researc h mus t hav e " a potentia l 
relationship t o a  military functio n o r operation." 34 Throug h i t all , basic 
research continue d i n the Defense Department. 35 

Thus, basi c scienc e operate s fre e o f th e day-to-da y politica l con -
straints commo n elsewher e i n America n society . O f cours e i t hardl y 
seems tha t wa y t o th e harrie d scienc e administrator , confronte d wit h 
budget pressur e fro m th e Offic e o f Managemen t an d Budget , facin g 
potential ridicul e i n th e for m o f a  "Golde n Fleece " awar d fo r researc h 
that seem s silly , an d tryin g t o satisf y o r appeas e th e desir e fo r result s 
from everyon e in elected office . Bu t these judgments ar e relative. A single 
change i n Socia l Securit y requirements , a  singl e desegregatio n pla n i n a 
local schoo l district , indeed , a  single proposed chang e in postal rate s ca n 
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provoke politica l an d lega l frenzie s tha t ca n mak e a n entir e scienc e 
program see m like a backwater . 

All o f thi s coul d chang e i n eithe r o f tw o ways : i f th e Unite d State s 
had a  single Department o f Science , or i f the president wer e given a  lin e 
item veto . Eithe r chang e woul d probabl y wor k agains t th e interest s o f 
the basic research community . 

In theory , a  singl e Departmen t o f Scienc e coul d develo p a  coheren t 
science policy . Thu s ther e hav e bee n man y proposal s fo r suc h a  depart -
ment throughou t America n history. 36 The y hav e neve r bee n enacted , i n 
part becaus e o f oppositio n fro m thos e agencie s alread y engage d i n sci -
ence spending . Bu t even i f we could writ e o n a  clean slat e there ar e tw o 
major drawback s t o a  Department o f Science . 

First, puttin g al l scienc e spendin g i n on e baske t woul d subjec t tha t 
spending to wide fluctuations . I n good times , science might receiv e quit e 
a boost , bu t basi c researc h woul d b e i n troubl e whe n budget-cuttin g i s 
rampant. Unde r th e presen t syste m basi c scienc e i s insulate d t o som e 
extent fro m budgetar y battle s becaus e area s lik e health , energy , an d 
defense ar e rarely cu t al l a t once , and al l of thos e area s contain substan -
tial basi c researc h programs . Scienc e i s sprea d ou t acros s th e federa l 
bureaucracy, whic h make s i t a  difficul t target . O f course , a  rationa l 
public polic y analys t coul d argu e tha t basi c scienc e doe s no t nee d o r 
deserve an y exemptio n fro m th e type o f scrutin y tha t woul d accompan y 
creation o f a  singl e scienc e budget , particularl y give n th e popularit y o f 
science acros s th e politica l spectrum . Bu t th e uncertai n an d long-ter m 
nature o f basi c research make s i t preferable t o protect scienc e somewha t 
from shar p changes in budgetary policy . 

The secon d dange r wit h a  Departmen t o f Scienc e i s more fundamen -
tal. As we have seen, under ou r Constitution , governmen t ha s the powe r 
to fun d scienc e i n a  wa y tha t woul d b e ver y troublesom e i n area s suc h 
as religio n o r politics . I f i t chose , fo r example , th e federa l governmen t 
could fun d onl y thos e cance r researcher s wh o believ e cance r i s cause d 
by a  virus . Thos e wit h differen t theorie s woul d b e fre e t o publis h thei r 
views an d see k privat e funding , bu t i n practic e the y woul d b e a t a n 
enormous disadvantage . Thi s approac h i s unconstitutiona l i n othe r ar -
eas: th e federa l governmen t coul d no t fun d th e Catholi c Church , an d i t 
could not fund th e Democratic Party to the exclusion of al l other parties . 
The nature of the scientific endeavor inevitabl y involves a type of pickin g 
and choosin g tha t woul d caus e problem s elsewhere . W e simpl y ar e no t 
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willing to fund al l individuals who cal l themselves scientists—judgment s 
on the merits mus t be made. 

But suc h judgment s ough t t o b e mad e cautiousl y an d wit h a  sense o f 
humility. A  single Departmen t o f Scienc e migh t ten d t o suppor t a  singl e 
line o f basi c research , an d tha t woul d b e disastrou s i f tha t lin e prove d 
mistaken. Progres s i n scienc e i s s o difficul t t o predic t tha t a  variet y o f 
approaches i s usually neede d i n the early day s o f workin g o n a  scientifi c 
problem, long before an y technology i s in sight. A Department o f Science 
could eve n com e unde r th e spel l o f a  politica l theor y tha t dictate s a 
research path , thu s leadin g t o a  disaste r lik e Lysenkois m i n th e forme r 
Soviet Union , whic h hampere d th e developmen t o f biolog y fo r years . 
More likely , bu t equall y dangerous , woul d b e a  Departmen t o f Scienc e 
that too k a  monolithi c approac h t o a  proble m becaus e i t rejecte d th e 
alternatives o n scientifi c ground s tha t turne d ou t t o b e mistaken . A s a 
result, i t i s a  blessin g tha t s o man y agencie s fun d scientifi c researc h 
under s o man y overlappin g an d inconsisten t guideline s tha t a n "Ameri -
can scienc e policy " i s har d t o discern . Jus t a s th e Italian s sa y tha t th e 
inefficiency o f thei r bureaucrac y i s the safeguar d o f thei r liberty , s o to o 
the absence of a  Department o f Science is a safeguard o f free scientifi c in -
quiry. 

Similarly, the line item veto i s a possible refor m o f the budget proces s 
that migh t bod e il l fo r science . Apar t fro m it s overal l merits , thi s tacti c 
could hav e a  negative impact on scienc e spending . 

Under presen t law , the presiden t o f th e United State s ca n onl y vet o a 
bill i n it s entirety ; th e presiden t lack s authorit y t o vet o par t o f a  bil l 
while signin g th e res t int o law . B y contrast , th e constitution s o f forty -
three state s giv e governors th e item veto , that is , the power t o veto part s 
of certai n bills . This powe r i s usually limite d t o appropriation s bill s an d 
thus the item veto i s seen as a budget-balancing device. 37 

Although doubt s abou t it s constitutionalit y a t th e federa l leve l hav e 
been raised , a  variety o f libera l an d conservativ e lawmaker s hav e calle d 
for givin g th e presiden t statutor y ite m vet o authorit y s o tha t h e coul d 
slice "porkbarrel " project s ou t o f massiv e appropriation s bills. 38 Fro m 
the poin t o f vie w o f scienc e spending , ther e i s a  proble m because , al -
though th e America n publi c support s scienc e a s a  genera l proposition , 
individual researc h project s ar e eas y fo r politician s t o ridicule . Forme r 
Sen. Willia m Proxmire' s "Golde n Fleece " award s fo r wastefu l govern -
ment spendin g ofte n wen t t o relativel y inexpensiv e scienc e projects . Fo r 
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example, i n "honoring " a  stud y o f aggressio n i n primates , Proxmir e 
focused o n the scientist' s interes t i n when th e animals clench thei r jaws : 

The funding of this nonsense makes me almost angry enough to scream and kick 
or even clench my jaw. It seems to me it is outrageous. 

Dr. Hutchinson's studie s should mak e the taxpayers a s well as his monkeys 
grind their teeth. In fact, the good doctor has made a fortune fro m hi s monkeys 
and in the process made a monkey out of the American taxpayer. 

It is time for th e Federal Governmen t t o get out of this "monke y business. " 
In view of the transparent worthlessness of Hutchinson' s study of jaw-grindin g 
and bitin g b y angr y o r hard-drinkin g monkeys , i t i s tim e w e pu t a  sto p t o 
the bit e Hutchinso n an d th e bureaucrat s wh o fun d hi m hav e bee n takin g o f 
the taxpayer.39 

In fact , studie s o f primat e aggressio n coul d hav e beneficia l medica l 
implications fo r humans . Bu t i t i s sometime s easie r t o mak e fu n o f th e 
studies tha n t o understan d them . I n th e hand s o f a  politicall y minde d 
president, an y numbe r o f scienc e project s coul d b e subjec t t o simila r 
ridicule. Fortunatel y fo r th e scienc e community , th e ite m vet o doe s no t 
presently see m likely to become a  reality . 

The Virtual  Absence  of  Judicial Review 

Given th e absenc e o f a  Departmen t o f Scienc e o r a  lin e ite m veto , th e 
primary engine of basic science for the present and the foreseeable futur e 
is the administrativ e agency , limite d onl y occasionall y b y Congres s an d 
the president . Th e questio n the n become s th e rol e o f th e courts . In  thi s 
situation, whic h arise s throughou t America n lif e i n area s rangin g fro m 
social welfar e t o th e regulatio n o f healt h an d safety , ther e i s a  standar d 
legal approac h tha t define s th e natur e o f judicia l contro l o f agencies . 
The relevan t are a o f th e la w i s calle d administrativ e law , an d i t i s 
familiar t o attorney s a s on e o f th e mos t ubiquitou s an d importan t 
branches of our lega l system. I t is typically here that the cautious proces s 
values o f th e lega l profession com e into play . Ye t as we review th e basi c 
ideas o f administrativ e la w a s they appl y t o scienc e funding , w e will  se e 
that such fundin g receive s unusually favorabl e treatmen t i n the courts . 

Pursuant t o a  variety o f statutes , most importantly th e Administrativ e 
Procedure Ac t of 1946 , agencies must follo w certai n procedure s i n mak -
ing thei r decision s an d mus t b e abl e rationall y t o justif y th e result s 
they reach . T o enforc e thes e rules , a n agenc y decisio n i s almos t alway s 
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reviewable i n court . Wherea s th e availabilit y an d natur e o f judicia l 
review i s se t fort h i n broa d term s b y statute , i n practic e th e court s 
themselves determin e i n larg e measur e ho w vigorousl y the y wil l revie w 
agency action . Whe n a n agency' s decisio n i s challenged , th e cour t wil l 
first decide whether i t should reac h th e merits of the complaining party' s 
case. That part y mus t satisf y a  number o f preliminar y doctrines , such a s 
standing an d ripeness , designed t o assur e tha t th e cas e i s being brough t 
by a proper perso n a t a  proper time . 

If the court does reach the merits i t will not hold a  trial; that is , it will 
not replicat e th e fact-findin g wor k o f th e agency . Instea d th e cour t will 
see i f th e agenc y followe d prope r procedure s an d i f it s decisio n wa s 
within reasonabl e bounds . O n th e latte r poin t th e cour t wil l defe r t o a n 
agency decision eve n i f i t might hav e come out th e other way . The cour t 
will step in on a  substantive matte r only when the agency's decision i s so 
poorly explaine d o r s o unpersuasiv e a s t o appea r irrational . I n suc h 
cases th e cour t wil l typicall y sen d th e cas e bac k t o th e agenc y wit h th e 
requirement tha t the agency either change its decision or provide a  bette r 
justification fo r it s initial result. 40 

This sor t o f judicia l revie w i s the brea d an d butte r o f administrativ e 
law. It is entirely consistent with the procedural emphasi s that permeate s 
so muc h o f America n law . A  cour t doe s no t decid e i f ever y agenc y 
decision i s righ t o r wrong . Ther e ar e thousand s o f agenc y ruling s ever y 
day, man y o f whic h involv e technica l complexitie s tha t woul d tes t th e 
resources o f an y decisio n maker . A  judge, moreover, i s a generalist wh o 
operates with no staff beyon d a  secretary and a  couple of law clerks right 
out o f la w school . Under the circumstances, the preliminary doctrine s of 
administrative law , suc h a s standing , enabl e th e cour t t o selec t thos e 
cases mos t appropriat e fo r judicia l review . I f th e merit s o f a  complain t 
are reached, th e cour t focuse s o n th e quality o f th e process used an d th e 
adequacy o f th e explanation give n b y the agency—areas wher e a  gener -
alist is the best decision maker . 

But i t woul d b e a  seriou s mistak e t o confus e procedurall y oriente d 
review wit h punchles s review . Court s hav e shape d th e wor k o f moder n 
federal agencie s in areas ranging from ratemakin g to communications t o 
energy an d th e environment precisel y b y forcin g agencie s t o confor m t o 
essentially procedura l norms. 41 O f cours e i t would b e a  myth t o sugges t 
that the judges who pla y this role are utterly neutra l o n the merits of th e 
agency decisions before them . Being human, they are more likely to loo k 
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closely a t a  decisio n the y woul d hav e mad e differently . Bu t thos e in -
stincts ar e limited b y thei r professiona l role s and b y their resources . The 
result ha s bee n tha t court s hav e becom e th e primar y externa l contro l 
over agency behavior . Unde r th e circumstances, we must look t o judicia l 
review o f agenc y decision s t o fun d scientifi c researc h i n orde r t o under -
stand th e relationship betwee n la w and basi c science. 

Potentially, th e court s coul d pla y a n activ e rol e i n policin g scienc e 
funding decisions . Th e Suprem e Court' s decisio n i n Lincoln  v.  Vigil, 
noted earlier , only insulates from revie w an agency' s decision o n allocat -
ing resource s whe n neithe r Congres s no r th e agenc y ha s create d stan -
dards t o b e me t b y applicant s fo r funding . I n th e scienc e fundin g are a 
such standard s ar e se t fort h b y th e agencies ' ow n rule s an d practice s a s 
they seek to evaluate th e thousands o f fundin g request s they receive . Yet 
when w e loo k a t scienc e fundin g w e d o no t se e th e ordinar y giv e an d 
take betwee n court s an d agencie s tha t mark s America n administrativ e 
law. We see instead abdicatio n b y the court s o f an y contro l ove r agenc y 
decisions. 

We mus t loo k closel y a t th e case s tha t establis h thi s agenc y domi -
nance i n orde r t o understan d ho w extraordinar y i t i s and t o appreciat e 
its implication s fo r th e overal l relationshi p betwee n la w an d science . 
The mos t importan t o f thes e case s concer n disappointe d applicant s fo r 
research grants . 

The starting poin t i n understandin g thes e decisions i s an appreciatio n 
of pee r review—th e dominan t approac h agencie s suc h a s th e Nationa l 
Institutes o f Health an d th e National Scienc e Foundation us e in decidin g 
who receive s grant money . 

Peer revie w involve s a  gran t applicatio n bein g sen t t o a  grou p o f 
leading scientist s in the relevan t field.  These scientists give their views a s 
to whethe r th e applicatio n shoul d b e granted . Th e reviewer s typicall y 
take int o accoun t no t onl y th e researc h proposa l itsel f bu t th e scientifi c 
reputation o f th e person seekin g the grant an d th e quality o f th e institu -
tion wit h whic h th e applican t i s affiliated . Thu s a  well-know n scientis t 
from a  majo r universit y i s treate d mor e favorabl y tha n a n unknow n 
from a  minor school. 42 

There ar e man y variation s i n th e pee r revie w system . Som e agencie s 
utilize outsid e expert s mor e tha n others , som e utiliz e mor e tha n on e 
layer o f review , i n som e a  favorabl e pee r revie w make s th e awar d o f 
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the gran t almos t certain , wherea s i n other s additiona l factors , suc h a s 
conformance wit h a n immediat e agenc y mission , pla y a  bigge r role. 43 

Moreover, pee r revie w i s not withou t it s critics. The syste m ha s a t time s 
failed t o detec t fraud , an d i t ha s hardl y bee n foolproo f i n term s o f 
locating th e mos t worthwhil e projects. 44 Bu t pee r revie w remain s un -
challenged a s the dominant wa y in which decision s are made concernin g 
the fundin g o f basi c science , jus t a s i t i s th e dominan t metho d fo r 
deciding what article s will be published i n scientific journals. 45 Indeed, if 
anything, th e pressur e toda y i s t o exten d pee r revie w eve n further . 
Proposals hav e been mad e to subjec t th e projects o f th e nationa l labora -
tories, suc h a s Lo s Alamos , t o pee r review, 46 an d t o us e pee r revie w 
more extensively i n areas relating to the impact o f technology. 47 

From a  lega l perspective , certai n feature s o f pee r revie w ar e particu -
larly striking . There i s no adversary process—n o on e appear s befor e th e 
panel t o pres s th e applicant' s clai m o r t o oppos e it . An d ther e i s a 
willingness, even a n eagerness , t o tak e int o accoun t th e persona l statur e 
of the applicant—a facto r tha t woul d b e troubling i n many settings . But 
peer revie w i s a  perfec t fit  fo r th e scientifi c worl d view ; indee d pee r 
review ha s bee n calle d " a mirro r o f science." 48 I t i s the embodimen t o f 
the scientific communit y governin g itself . Scientists say what i s good an d 
what i s ba d science . The y ar e no t perfectl y objective . The y ar e no t 
perfectly accurate . Bu t the y ar e th e one s makin g th e decisions . Thi s 
consensus-based approac h i s no t workabl e whe n th e basi c norm s o f 
science ar e violated ; when , fo r example , i t becam e necessar y t o adjudi -
cate claim s o f fraud , mor e traditiona l judicia l model s cam e int o pla y a t 
the researc h agencies. 49 Bu t whe n th e questio n i s the usua l on e o f wha t 
is promising research , the decisions ar e made i n a  nonadversarial settin g 
by the scientifi c community . An d whe n thos e decisions ar e challenged i n 
court, th e researc h agencie s wh o ar e bein g sue d argu e vigorousl y an d 
successfully tha t outsider s shoul d sta y on th e outside . 

The logica l startin g poin t fo r examinin g judicia l revie w o f scientifi c 
research i s wit h Dr . Harol d Kletschka , wh o brough t th e first  moder n 
judicial challeng e t o a  gran t decision. 50 I n 1959 , Kletschk a bega n wor k 
at th e Syracus e Veteran s Administratio n Hospita l an d a t th e nearb y 
Upstate Medica l Center , a  New Yor k stat e medica l school . B y 1961 , he 
had obtaine d fro m th e Veteran s Administratio n (VA ) a  $20,00 0 gran t 
for researc h int o development o f a  plastic artificial heart . Before he could 
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use th e gran t h e wa s calle d t o militar y service . Whe n h e returne d i n 
1962, the VA refused t o restore his grant an d transferred hi m to anothe r 
hospital. Kletschk a claime d thes e event s wer e du e t o th e spreadin g o f 
malicious an d slanderou s statement s b y som e o f hi s colleague s a t Syra -
cuse. He brought a  lawsuit agains t a  variety o f defendants , includin g th e 
VA, claiming that a  conspiracy ha d deprive d hi m o f hi s rights , includin g 
his righ t t o th e researc h grant . Th e defendant s responded , i n part , tha t 
their action s were based o n th e quality o f Kletschka' s work. 51 

The district cour t tha t initially heard th e case did no t reac h th e merit s 
of th e doctor' s claims . The cour t foun d som e of th e defendant s immun e 
from sui t an d found , a s t o othe r defendants , tha t eve n i f Kletschka' s 
allegations wer e tru e the y di d no t entitl e hi m t o judicia l relief. 52 O n 
appeal, the U.S. Court o f Appeals for th e Second Circui t stated explicitl y 
why i t woul d no t revie w th e V A decisio n o n Kletschka' s grant . Th e 
court invoke d a n infrequentl y use d provisio n o f th e Administrative Pro -
cedure Ac t tha t exempt s fro m revie w agenc y actio n "committe d t o 
agency discretio n b y law." 53 Th e use of tha t provision wa s appropriate , 
according t o th e Secon d Circuit , becaus e o f th e natur e o f scientifi c re -
search: 

It would not be feasible fo r the courts to review decisions by the V.A. awarding 
or refusing t o award researc h grants . Each suc h decision involve s a  determina-
tion b y th e agenc y wit h respec t t o th e relativ e merit s o f th e man y propose d 
research projects for which funds are sought. This determination requires consid-
erable expertise in the scientific, medical , and technical aspect s of each applica -
tion. A reviewing court would have to master considerable technical data befor e 
it could even attempt to determine whether one application, Dr. Kletschka's fo r 
example, wa s s o superio r t o th e other s tha t it s rejectio n b y th e V.A . wa s a n 
abuse of discretion . Furthermore , even i f these technical aspect s were mastered 
it would b e difficult fo r th e cour t t o revie w the judgments o f relativ e personal 
competence which necessarily play a role in the agency determination.54 

The Cour t was no t move d eve n b y the fac t tha t Kletschka' s gran t ha d 
been remove d afte r h e wa s summone d t o militar y service , becaus e th e 
doctor's initia l 196 1 grant "migh t have been unjustified i n 196 2 becaus e 
of intervenin g advance s i n hear t research." 55 Keep  i n min d tha t th e 
court i s not rejecting Kletschka' s conspiracy theory ; i t is saying that even 
if fals e an d maliciou s statement s cos t hi m hi s grant , hi s i s no t th e kin d 
of case a court should review . 

If slande r doe s no t giv e rise to a  caus e of action , perhap s discrimina -
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tion does . That , a t least , ma y hav e bee n th e thinkin g o f Dr . Julia Apte r 
who, i n 1972 , challenge d th e denia l o f a  researc h gran t o n th e groun d 
that th e denia l wa s base d o n he r gende r an d he r politica l views. 56 Th e 
dispute aros e when , i n 1971 , the Rush-Presbyterian-St . Luke' s Medica l 
Center, wher e Apte r wa s a  professor , applie d t o th e Nationa l Institute s 
of Healt h (NIH ) fo r a  gran t t o trai n student s i n biomaterial s research . 
Apter woul d hav e been th e program directo r responsibl e fo r administer -
ing the grant. While the application was pending before an NIH commit -
tee, sh e testifie d befor e a  Senat e subcommitte e concernin g allege d con -
flicts o f interes t o n th e par t o f som e o f th e NI H committe e members . 
When NIH denie d the grant application , Apte r brough t sui t claiming the 
denial wa s becaus e a  woma n ha d bee n designate d a s program director , 
because sh e had participate d i n feminis t activities , and i n retaliatio n fo r 
her testimony. 57 Th e tria l cour t thre w he r cas e out withou t reachin g th e 
merits o n th e groun d tha t sh e lacke d standin g becaus e th e actua l appli -
cant fo r th e gran t wa s no t Apte r bu t th e Rush-Presbyterian-St . Luke' s 
Medical Center , whic h ha d no t sued . Th e cour t reasone d tha t becaus e 
the center was unwilling to challenge the grant denial , the court "shoul d 
not be in the position o f foistin g th e program o n it." 58 

On appeal , the U.S. Court of Appeals for th e Seventh Circui t reversed , 
concluding tha t th e allege d violatio n o f Apter' s Firs t Amendmen t righ t 
to testify an d her alleged personal economi c injury i n losing the opportu -
nity t o b e progra m directo r wer e sufficien t t o giv e he r standing. 59 Th e 
appellate cour t di d not , however , decid e i n he r favor . I t simply sen t th e 
case bac k t o th e tria l cour t fo r furthe r proceedings . Moreover , th e 
appellate court' s decisio n stresse d tha t th e tria l cour t shoul d kee p i n 
mind tha t th e NI H ha s broa d discretio n i n th e fundin g o f trainin g 
programs.60 Th e appellat e cour t cite d Kletschka' s cas e an d emphasize d 
that th e tria l cour t shoul d confin e itsel f t o lookin g fo r violation s o f a n 
express constitutiona l o r statutor y guarantee. 61 No t surprisingly , Apte r 
was unsuccessfu l whe n th e case went bac k t o the trial court. 62 

With allegation s o f slande r an d discriminatio n havin g failed , th e nex t 
lawsuit directly challenge d th e scientific wisdo m o f an agency decision. 63 

Dr. David e Grassett i ha d ofte n receive d federa l gran t suppor t i n th e 
areas o f chemistry , pharmacology , an d cancer . I n 1975 , however , th e 
NIH turne d dow n hi s reques t fo r researc h mone y t o stud y a  chemica l 
compound, carboxypridin e disulphide , whic h h e claime d coul d imped e 
the sprea d o f existin g cancer . Th e agenc y believed , amon g othe r things , 
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that th e lac k o f detai l i n Grassetti' s applicatio n wa s "indicativ e o f a 
lack o f appreciatio n . . . fo r biomedica l an d pharmacologica l studies." 64 

When Grassett i wen t to court , claiming in part tha t the agency's decisio n 
was unjustified o n the facts , he received a  cold reception indeed . 

First the court , citing Kletschk a an d Apter , said i t was "probabl e tha t 
the medical merit s of agency decisions on researc h gran t application s ar e 
committed t o th e unreviewabl e discretio n o f th e agency." 65 Th e ordi -
nary administrativ e la w inquir y int o whethe r th e agenc y decisio n ha d 
been adequatel y justifie d woul d no t b e undertaken. Onl y the presence of 
a direc t violatio n o f constitutional , procedural , o r statutor y guarantee s 
could eve n b e considered . Th e cour t admitte d tha t "unfortunat e a s i t 
might be , i t i s a  fac t o f lif e tha t court s ar e simpl y no t competen t t o ste p 
into the role of a  medical researc h scientis t faced wit h havin g to evaluat e 
an applicant' s technica l expertise." 66 Moreover , th e cour t wen t o n t o 
say tha t eve n i f somethin g resemblin g judicia l revie w wer e t o b e fol -
lowed, th e agenc y woul d wi n becaus e i t adequatel y demonstrate d th e 
reasonableness of it s decision.67 Unsurprisingly, this decision was not ap-
pealed. 

The nex t cas e directl y challengin g a  researc h fundin g decisio n wa s 
brought no t by a disappointed applicant , bu t by a relatively disintereste d 
party.68 I n 1978 , Roslyn Marinof f brough t sui t agains t th e Departmen t 
of Health , Education , an d Welfar e (no w Healt h an d Huma n Services) , 
the agency that oversee s the NIH. Marinoff sough t to compel the agency 
to investigat e whethe r a  particula r chemica l coul d serv e a s a  cur e fo r 
cancer.69 Not onl y did she lose, but the court, in a  familiar refrain , neve r 
reached th e merit s o f he r case ; tha t is , i t neve r decide d whethe r th e 
agency had reasonabl y explaine d wh y i t would no t investigate the chem-
ical i n question . Instead , th e cour t deploye d a  fe w o f th e man y prelimi -
nary doctrine s availabl e i n case s o f thi s type . I t note d first  tha t Mari -
noff's complaint , becaus e i t sough t t o orde r a n agenc y t o tak e action , 
was seeking , i n effect , a  wri t o f mandamus , a  rarel y grante d for m o f 
relief. Th e cour t foun d tha t th e wri t wa s unavailabl e her e because , 
although th e agenc y ha d a  genera l dut y t o undertak e cance r research , 
Congress ha s "lef t t o th e agency' s discretio n th e choic e a s t o wha t 
substances purporte d t o cur e cance r warran t extensiv e research." 70 A 
moment's reflectio n make s clea r th e impor t o f th e court' s statement : 
because Congres s lef t i t up to the agency , the cour t shoul d leav e i t up t o 
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the agency . Thus , ther e ca n b e n o doub t abou t wher e th e powe r ha s 
been delegated . Continuin g i n th e sam e vein , th e cour t wen t o n t o hol d 
that eve n i f Marinof f ' s complain t wer e viewe d no t a s seekin g a  wri t o f 
mandamus bu t simpl y a s seekin g judicia l revie w o f a n agenc y decisio n 
not t o proceed , th e sui t mus t fai l because , i n ligh t o f th e Kletschk a an d 
Grassetti cases , such decisions are "committe d t o agency discretion" an d 
not subjec t t o judicia l review. 71 

A 199 3 effor t t o challeng e th e government' s AID S researc h effor t 
fared n o better . Kazme r Ujvaros y sough t t o persuade th e National Insti -
tutes of Healt h t o investigate a  particular theor y concerning AIDS; when 
they denie d hi s request , h e wen t t o court. 72 Th e judg e dismisse d hi s 
claim, finding  tha t Ujvaros y lacke d standin g an d that , i n an y event , th e 
matter was committed t o agency discretion, both doctrine s meaning tha t 
the court would no t even look a t the merit s of the claim. 73 

This litan y o f case s provide s reasonabl y precis e guidanc e a s t o ho w 
courts wil l respon d t o complaint s abou t scienc e fundin g decisions : the y 
will respon d negatively . I n case s spanning fro m th e 1950 s t o th e 1990s , 
challengers t o th e governmen t hav e bee n unsuccessful . Durin g thi s pe -
riod, judicia l revie w o f agenc y actio n i n othe r fields  ha s gon e throug h 
phases o f relativ e vigo r an d relativ e calm—ther e hav e bee n era s o f 
"hard look " revie w an d o f substantia l deference 74—but th e judicia l 
reluctance t o secon d gues s scienc e fundin g decision s ha s remaine d con -
stant. Ther e is , of course , the possibl e loophole—th e court' s occasiona l 
insistence tha t direc t agenc y violatio n o f constitutional , procedural , o r 
statutory directive s wil l lead to reversal—but suc h cases simply have no t 
arisen. Scientist s an d th e lawyer s the y consul t kno w tha t th e odd s o f 
success ar e low . S o althoug h a  cas e coul d b e imagine d i n whic h th e 
scientist woul d win— a gran t openl y denie d o n th e basi s o f rac e o r 
gender, fo r example—i n practice , judicia l revie w i n thi s are a ha s no t 
been a  successful wa y o f challengin g agency action . 

The situatio n i s similar i f a n individua l protest s he r failur e t o receiv e 
a contract a s opposed t o a  grant. As discussed previously , in the researc h 
area ther e i s ofte n littl e differenc e betwee n contract s an d grants . Tha t 
similarity extend s t o th e difficult y o f overturnin g a n agenc y decision . 
Theoretically, someone who is turned dow n fo r a  contract to do researc h 
work ca n protes t t o th e Comptrolle r Genera l o f th e Unite d State s o r t o 
the courts. 75 I n practice , i f the protes t i s based o n th e argumen t tha t th e 
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agency wrongly evaluated the technical merit s of a  proposal, the chance s 
of reversal ar e low. 76 

The Privileged  Legal  Status  of  Science 

At this point, those unfamiliar wit h administrativ e la w may be decidedly 
unsurprised a t th e resul t o f th e case s discussed . Afte r all , i t migh t b e 
argued tha t a  researc h gran t o r contrac t i s a  privileg e an d no t a  right , 
and i t involve s technica l consideration s beyon d th e competenc e o f 
judges. These arguments , however, do not go very far towar d explainin g 
the judicia l abstinenc e i n thi s field . Th e righ t versu s privileg e notio n 
could b e invoked t o justify unreviewabl e governmen t discretio n i n virtu -
ally ever y phas e o f moder n life . D o yo u hav e a  righ t t o a  sidewal k i n 
front o f you r house ? I f not , doe s tha t mea n th e governmen t coul d omi t 
your sidewal k whil e providin g on e fo r you r neighbor s withou t an y 
explanation? An d i f th e sidewal k i s a  mer e privilege , coul d th e govern -
ment provid e yo u wit h on e onl y i f yo u promis e neve r t o criticiz e th e 
government whil e walking on tha t sidewalk? I t does not take long to see 
the danger o f an expansive notion o f privilege . 

To mov e close r t o th e scienc e fundin g example , conside r a  truc k 
driver's license . I t could , presumably , b e describe d a s a  privilege—th e 
state could hav e decided tha t trucks , which ar e involved i n thousands o f 
deaths a  year , ar e t o b e banne d altogether . Havin g decide d no t t o ba n 
trucks, the state could decid e that i t will limit , on a  completely arbitrar y 
basis, wh o wil l hav e th e privileg e o f drivin g them . In  fact , however , 
society, includin g th e judicia l system , think s o f truc k driver' s license s i n 
a somewhat differen t way . The state sets standards concerning who shal l 
qualify fo r a  license. If you mee t those standards you ar e entitled t o tha t 
license—you hav e a  righ t t o it . I f th e moto r vehicl e administratio n 
denies yo u th e license , you ca n g o to cour t an d th e cour t wil l determin e 
if the agency had prope r grounds fo r denyin g the license. 

Science fundin g migh t b e viewe d th e sam e way . Suppos e th e NI H 
announces tha t fund s ar e availabl e fo r worthwhil e project s i n cance r 
research. Yo u believ e your proposa l i s more worthwhil e tha n an y othe r 
the agency has received. You would understandabl y believe , under thos e 
circumstances, tha t yo u hav e a  righ t t o a  grant . I f yo u d o no t ge t on e 
and yo u argue , fo r example , tha t inferio r project s wer e funde d becaus e 
of a  persona l vendett a agains t you , yo u woul d expec t a  cour t t o mak e 
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the NI H explai n itself . Yo u d o no t wan t th e judge s t o b e scientists , bu t 
only to assure that scientist s are doing their job . You would b e furious i f 
the court decline d t o even look a t the merits of your case . 

The surprising natur e o f th e judicial abdicatio n i n the science fundin g 
field ca n perhap s bes t b e see n b y examinin g a  comparabl e are a o f 
administrative law . Th e Socia l Securit y Administratio n deal s wit h mil -
lions o f request s eac h yea r fo r disabilit y payments . Bu t wherea s disap -
pointed researcher s seekin g scienc e fundin g almos t neve r wi n i n court , 
approximately 10,000-25,00 0 disappointe d disabilit y claimant s g o t o 
federal cour t eac h year , an d betwee n one-fift h an d one-hal f o f the m 
persuade the courts to reverse the agency's decision. 77 What i s the differ -
ence? I t canno t b e explaine d solel y b y th e technica l natur e o f scienc e 
funding decisions . Disabilit y decision s ofte n tur n o n comple x medica l 
judgments mad e b y severa l physicians , yet the court s ste p righ t in . They 
do no t ac t as doctors, of course , but they do find that th e agency has no t 
adequately justifie d it s decisions. 

Consider, fo r example , th e cas e o f Shirle y Ber , a  sewin g machin e 
operator i n Ne w Yor k City . I n i960 , a t abou t th e sam e tim e tha t Dr . 
Harold Kletsck a wa s applyin g fo r a  gran t t o develo p a n artificia l heart , 
Mrs. Be r wa s applyin g fo r disabilit y benefit s o n th e groun d tha t sever e 
pain stemmin g primarily fro m a n arthriti c condition prevente d he r fro m 
working. A  hearin g examine r i n th e Departmen t o f Health , Education , 
and Welfar e (no w Healt h an d Huma n Services ) studie d report s fro m a t 
least si x doctor s an d conclude d tha t Mrs . Ber had a  mild cas e of arthri -
tis, coul d continu e he r job , an d thu s wa s no t entitle d t o Socia l Securit y 
benefits. Mrs . Ber went to court an d he r case ultimately reache d th e U.S. 
Court of Appeals fo r th e Second Circuit , the same court tha t would late r 
hear Dr . Kletschka' s case . Bu t wherea s th e cour t woul d no t conside r 
whether ther e wa s a  soun d basi s fo r removin g Dr . Kletschka' s grant , 
they plunge d immediatel y int o th e medica l report s tha t ha d bee n relie d 
upon b y th e hearin g examine r i n Mrs . Ber' s case . The cour t foun d tha t 
those report s permitte d onl y on e reasonabl e conclusion—tha t Mrs . Ber 
experienced suc h shar p pai n tha t sh e coul d no t wor k a s a  sewin g ma -
chine operator. 78 

Or conside r long-tim e U.S . Steel employe e Willia m Lashen , wh o lef t 
his jo b afte r a n acciden t blinde d hi m i n hi s lef t eye . Lashe n sough t 
disability payment s becaus e o f hi s visua l problem s an d becaus e h e ha d 
difficulties holdin g object s i n hi s righ t hand. 79 Th e government , citin g 
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conflicting testimon y fro m doctor s an d a n ambiguou s repor t fro m a 
vocational expert , denie d benefits , finding  tha t ther e wer e job s tha t 
Lashen coul d hold . But in 1993 , about th e time the courts were rejectin g 
Kazmar Ujvarosy' s reques t fo r governmen t mone y t o fun d researc h o n 
his AID S theory , Lashe n wo n a  decisiv e victor y whe n a  federa l cour t 
held tha t the evidence required tha t he be granted benefits. 80 

Our concer n i s not whethe r th e cour t wa s righ t o r wrong abou t Mrs . 
Ber o r Mr . Lashen . The questio n i s why the y were treate d s o differentl y 
from Dr . Kletschk a an d Mr . Ujvarosy , tha t is , why judicia l revie w i s so 
much mor e searching in disability case s than i n the science funding area . 
You shoul d no t assum e tha t th e judicia l rol e in Socia l Securit y ha s bee n 
uniformly praised . I t has , i n fact , bee n th e subjec t o f livel y debate , wit h 
some contendin g tha t th e court s contribut e littl e bu t inefficien t an d 
ineffective decisions . Ye t th e judicia l rol e continues , sid e b y sid e wit h 
judicial abstinenc e i n science funding. 81 

The difference canno t b e explained b y judicial deferenc e t o the grind -
ing nee d o f disabilit y claimants . Man y o f th e disabilit y claimant s wh o 
go to cour t ar e middl e class ; indeed genuinel y poo r claimant s ofte n lac k 
the resources to sue. Moreover, scientist s denied government fundin g ar e 
often sympatheti c plaintiffs . I f unsuccessful , thei r entir e caree r ma y b e 
slowed, even halted . 

Can i t b e tha t th e slipper y righ t versu s privileg e argumen t explain s 
the disparity ? I t woul d b e har d t o argu e tha t disabilit y payments , a 
system no t eve n create d unti l 1956 , i s a n absolut e "right. " A  worker' s 
contributions pa y onl y a  smal l par t o f th e paymen t received . Incom e i s 
being redistribute d unde r a  program th e governmen t wa s no t obligate d 
to create . I f ther e i s a right , i t i s the righ t t o receiv e payments whe n yo u 
meet th e agency' s standar d fo r disability . Scientists , wh o pa y taxe s an d 
who ma y spen d a  goo d dea l o f mone y preparin g a  gran t application , 
will fee l tha t the y have an equa l "right " t o a  grant i f the application set s 
forth a  deserving project . 

With th e contras t t o disabilit y payment s i n mind , w e ca n loo k bac k 
over th e case s denyin g revie w o f scienc e fundin g decision s wit h a  bi t 
more skepticism . The court s i n those case s used a  variety o f doctrine s i n 
ruling i n favo r o f th e government . The y foun d th e agenc y decision s t o 
be "committed t o agency discretion." Judges and lawyers have quarrele d 
over th e precis e meanin g o f tha t phrase , bu t al l hav e agree d tha t i t 
applies onl y t o a  ver y narro w are a o f decisions . Simpl y a s a  logica l 
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matter, th e fac t tha t a n agenc y i s exercising discretio n i s hardly ground s 
for judicia l abdication . Th e court s i n administrativ e la w case s routinel y 
correct "abuse s o f discretion. " Indeed , give n th e broa d power s give n t o 
modern agencies , judicia l deferenc e i n th e fac e o f "agenc y discretion " 
would leav e no role for th e courts a t all. 82 

In th e case s w e surveyed , th e court s relie d a s wel l o n doctrine s suc h 
as standin g an d th e limite d natur e o f mandamu s relief . These doctrine s 
too ar e flexible—the y ca n b e applie d stringentl y o r lenientl y dependin g 
on th e nature o f th e case . Courts i n administrative la w case s have man y 
other suc h doctrine s a t thei r disposal . The cour t will  no t hea r th e merit s 
of you r case  i f i t i s not "ripe, " tha t is , you hav e no t ye t been harme d b y 
agency actio n fi t fo r judicia l review . Yo u canno t su e i f yo u hav e no t 
"exhausted you r remedies " by pursuing available sources of relie f withi n 
the agency. And so on. 

When, a s i n th e scienc e fundin g area , court s resolv e t o appl y thes e 
doctrines rigorousl y befor e reachin g th e merits , supplicant s befor e th e 
courts ma y fee l tha t the y ar e facin g a  Ka f kesque maze . The adjectiv e i s 
of particula r relevanc e here . Fran z Kafk a was , i n fact , a  lawye r wh o 
worked i n a  large socia l welfar e bureaucracy , an d h e was wel l awar e o f 
the difficulties facin g thos e who sough t relie f fro m th e Workmen's Acci -
dent Insuranc e Institute. 83 Kafk a onc e remarked , i n amazement , "Ho w 
modest thes e peopl e are . Instea d o f stormin g th e institut e an d smashin g 
the plac e t o bits , the y com e an d plead." 84 Kafka' s fiction,  o f course , 
conveys a  nightmaris h visio n o f th e searc h fo r justice . Bu t compare d t o 
the moder n judg e ben t o n avoidin g th e merits , Kafk a wa s a  piker . The 
Trial i s a  terrifying account , bu t i t relies , from a  moder n lawyer' s poin t 
of view , o n rathe r basi c maneuvers , lik e declinin g t o specif y th e charg e 
against K . A  modern-da y Trial  i n a n administrativ e la w settin g woul d 
include demand s tha t th e haples s applican t satisf y recondit e test s fo r 
standing an d ripenes s befor e th e cour t woul d eve n thin k abou t dis -
cussing whether the agency has adequately explaine d th e charge. "Befor e 
the Law " i s perhaps a  chilling an d propheti c universa l nightmare , bu t a 
mild on e indee d fo r today' s lawyers . I n thi s segmen t o f The  Trial,  a 
supplicant seekin g entrance t o the law wait s fo r year s before a  gate. Just 
as he dies, the gatekeeper announces , "[T]hi s gate was buil t only fo r yo u 
and no w I  am goin g t o shu t it. " A  modern versio n o f "Befor e th e Law " 
would admi t th e supplican t throug h th e gat e an d the n dismis s him i f h e 
could no t prov e tha t h e ha d "exhauste d administrativ e remedies " an d 
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then admi t hi m agai n onl y t o rais e th e proble m o f "mootness, " an d 
soon. 

But the labyrinthian way s of judicial review, despite their appearance , 
are not , i n functiona l terms , a  meaningles s maze . Preliminar y doctrine s 
such a s "standing " an d "commitmen t t o agenc y discretion " enabl e 
judges to shield themselves from a  flood o f cases by picking and choosin g 
those tha t ar e most appropriat e fo r judicia l consideration . I n the scienc e 
funding are a th e court s hav e chosen , wit h remarkabl e unanimity , t o 
employ doctrine s effectivel y closin g off judicia l review , leaving open th e 
possibility o f suc h revie w onl y i f extraordinar y cases , suc h a s thos e 
involving racia l discrimination , shoul d arise . Th e rea l questio n i s wh y 
that cours e has commended itsel f t o s o many judges . This judicia l absti -
nence contrasts , afte r all , no t onl y wit h Socia l Securit y disabilit y cases , 
but with judicia l involvemen t throughou t America n society . 

The fundamenta l reaso n fo r thi s abstinenc e i s tha t th e are a o f basi c 
scientific researc h i s one of th e fe w i n American lif e i n which somethin g 
approaching consensu s stil l exists . A s w e hav e seen , scienc e i s i n som e 
respects a  self-governing republic , with scientist s decidin g what i s and i s 
not goo d work . O f cours e thes e ar e disagreements , har d cases , an d 
uncertainties. Bu t ther e i s broa d enoug h agreemen t o n fundamenta l 
issues tha t nonscientist s wil l generall y defe r t o scientist s o n question s 
concerning basic research. 85 

Here, a s before , w e mus t b e extremel y carefu l abou t assertion s con -
cerning the "scientifi c establishment. " A s we saw earlier, science is estab-
lished i n th e sens e tha t i t i s governmen t supported , bu t ther e i s n o 
"science establishment " i n th e rigi d hierarchica l sense . No t onl y d o 
numerous agencie s fun d researc h unde r varyin g guidelines , bu t eve n 
within a n agenc y differen t perspective s exist . Studie s hav e show n tha t 
your chance s o f gettin g fundin g depen d i n par t o n th e particula r scien -
tists who serv e on you r pee r revie w panel. 86 An d thi s i s as i t should be . 
There ar e alway s a t leas t som e prestigiou s scientist s willin g t o loo k fo r 
new an d differen t ideas . Bu t thi s doe s no t mea n tha t anythin g goes . I f 
there i s no scienc e establishment , ther e i s a t leas t a  scienc e community . 
Scientists a s a  whol e ar e willin g t o vie w som e practitioner s a s margina l 
or worse and to ac t accordingly . 

The existenc e o f th e scienc e communit y directl y constrain s th e num -
ber o f lawsuit s tha t will  b e brough t t o challeng e scienc e fundin g deci -
sions. Disappointe d applicant s wh o brin g sui t ma y b e reducin g thei r 
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chances fo r gettin g funding i n the future . Fe w people want t o b e seen a s 
marginal troublemaker s whe n the y ma y hav e t o g o bac k t o th e sam e 
well again . Yo u will  recall , fo r example , tha t Dr . Judith Apte r initiall y 
had troubl e bringin g he r lawsui t becaus e th e medica l cente r wher e sh e 
worked woul d no t joi n i n he r suit . Apte r contended , no t unreasonably , 
that th e medica l cente r wa s afrai d o f losin g th e opportunit y fo r futur e 
grants. 

The situation i s very different fo r a  disappointed applican t fo r disabil -
ity payment s wh o challenge s a  Socia l Securit y Administratio n decision . 
There i s no coheren t communit y o f professiona l view s concernin g wha t 
is a  disability . Th e medica l professio n ma y o r ma y no t b e abl e t o reac h 
consensus o n a  give n diagnosi s fo r a  syndrome , bu t eve n i f i t coul d th e 
question o f wha t i s disablin g i s to o controversial . T o man y i t woul d 
seem t o b e a  nonmedica l question , bu t eve n th e additio n o f vocationa l 
experts does not lea d to wide consensus. Now t o purists , the question o f 
what i s a  promisin g scientifi c researc h projec t i s no t itsel f a  scientifi c 
question. Bu t tha t misse s th e point—i t i s a  questio n th e scientifi c com -
munity, fo r bette r o r fo r worse , i s abl e t o dea l wit h i n a  relativel y 
coherent fashion . 

Moreover, scientist s seeking funding ar e members of the very commu -
nity the y ar e petitioning . B y contrast , a  disable d worke r i s not . Indeed , 
an applican t fo r disabilit y payment s i s unlikel y t o b e seekin g th e sam e 
relief fro m th e sam e peopl e again . Unde r th e circumstances , bringin g a 
lawsuit pose s fe w risks ; indeed , i t ma y eve n nudg e th e agenc y i n you r 
favor unde r th e adag e tha t th e squeak y whee l get s th e grease . Wit h 
science funding, th e squeaky whee l may get  replaced . 

Consider the n wha t court s confron t whe n a  challeng e t o scienc e 
funding come s befor e them . Ther e i s th e norma l deferenc e du e t o a n 
administrative agenc y tha t is , afte r all , a  larg e bureaucrac y capabl e o f 
detailed judgments . There is the esoteric nature of the scientific judgmen t 
at issue . An d ther e is , mos t importantly , a  sens e tha t th e challenge r i s 
not a  wronged citizen , bu t rathe r a n outside r wit h margina l view s chal -
lenging a  respecte d communit y o f scientists . I t i s not surprisin g tha t th e 
courts have generally rebuffe d suc h challenges without even reaching the 
merits of the case. 

Thus, fro m a  litigator's poin t o f view, basic science operates i n some-
thing of a  vacuum. Traditional administrativ e la w provides no workabl e 
way to challenge decisions of the science community. Thus the favorabl e 



68 •  TH E STATUTOR Y FRAMEWOR K FO R BASI C RESEARC H 

statutory statu s o f scienc e meshe s perfectl y wit h it s favorabl e constitu -
tional status . The scientific communit y itsel f dominate s a  system marke d 
by substantia l suppor t an d freedo m fo r scientists , wherea s th e lega l 
community finds  itsel f wit h littl e power . And , a s w e shall , on e o f sci -
ence's traditiona l rivals—religion—i s als o outflanke d i n America n la w 
and culture . 



• F I V E * 

Science versu s Religio n 
in America n La w 

The powe r o f organize d religio n ha s waxe d an d wane d dramaticall y 
throughout huma n history . I n man y preindustria l societies , th e churc h 
provided no t onl y answer s t o wha t w e thin k o f toda y a s scientifi c 
questions, but stric t guidance to political leader s as well—religion "onc e 
could defin e secula r law s i n usury , regulat e th e conditions o f productio n 
in the guilds, and prohibi t wha t toda y ar e normal busines s and commer -
cial practices . .  . .  [M]onarchs wer e brough t cringin g to religiou s shrine s 
and matter s o f persona l moralit y wer e effectivel y dictate d b y pontifica l 
power."1 I n th e twentieth-centur y Sovie t Union , b y contrast , religio n 
was represse d i n th e nam e o f a n all-encompassin g "scientific " vie w o f 
government an d morality. 2 

The Framers 9 Conception  of  Religion  and  Science 

From th e beginning , Americ a ha s ha d a  mor e nuance d relationshi p 
between churc h an d stat e i n general , an d churc h an d scienc e i n particu -
lar. Th e framer s o f th e Constitution , a s w e hav e seen , cherishe d th e 
Enlightenment idea l tha t science could illuminat e everything from chem -
ical reaction s t o politica l theory . Bu t th e framer s wer e als o descendant s 
of peopl e wh o ha d com e t o Americ a i n larg e par t seekin g religiou s 
freedom. Th e growt h o f moder n scienc e i n th e eighteent h centur y di d 
not requir e the framers t o uniformly rejec t religion : 

Religious belie f i n th e Ne w Worl d wa s b y n o mean s represse d b y scientifi c 
progress a s i t wa s i n th e Old . O n th e contrary , ther e emerge d a n America n 
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symbiosis o f rationalis m an d Christianity , technologica l progres s an d mora l 
challenge. . . . Franklin, Jefferson, Rus h and Priestly al l espoused a  rationalistic 
conception of progress, but, unlike Paine, they found tha t science and reason did 
not require them to reject completely their Christian heritage. Rather, Christian-
ity supplied them with a comfortable ethical system whose telic projections could 
be mad e entirel y harmoniou s wit h th e method s an d conclusion s o f science. 3 

The origina l relationshi p betwee n scienc e an d religio n i n Americ a 
turned i n par t o n th e America n infatuatio n wit h progress . Scholar s stil l 
debate whethe r th e belie f i n huma n progres s wa s know n i n ancien t 
Greece and Rome , or whether, facilitated b y Christianity's linea r concep-
tion o f history , i t bega n i n th e Middl e Ages. 4 There i s wide consensus , 
however, tha t th e ide a o f progres s wa s dominan t amon g eighteenth -
century Enlightenmen t thinkers. 5 W e hav e alread y note d th e optimism , 
fueled b y Newton' s discoveries , tha t improvement , perhap s perfection , 
was attainable i n all human endeavors . 

This notio n o f progres s wa s particularl y stron g i n America . Th e 
people wh o cam e t o liv e i n th e Ne w Worl d ofte n sa w themselve s a s 
replacing th e corrup t institution s o f th e Ol d Worl d wit h a  mor e perfec t 
order.6 Th e ver y act s o f creatin g a  natio n an d writin g it s Constitutio n 
were a  kind of "applie d Enlightenment." 7 

The Enlightenmen t origin s o f th e U.S . Constitutio n reflecte d an d 
reinforced a  particula r balanc e betwee n religio n an d science . T o man y 
of th e framers , dogmatic , authoritaria n religion , a s oppose d t o a  mor e 
enlightened deism , wa s a  threa t t o th e ide a o f progres s the y hel d dear . 
Their view s shape d th e nonestablishmen t an d fre e exercis e o f religio n 
clauses of the Constitution , clause s that have a  continuing impac t on th e 
relationship betwee n America n scienc e and religion . 

The Firs t Amendment' s requiremen t tha t "Congres s shal l mak e n o 
law respectin g a n establishmen t o f religion " wa s designe d fo r man y 
purposes, some of them conflicting . Certai n o f th e framers , fo r example , 
wanted t o forbi d Congres s fro m establishin g religio n i n orde r t o main -
tain stat e establishment s the y favored. 8 I n thi s century , however , th e 
Supreme Cour t ha s interprete d th e nonestablishmen t claus e i n ligh t o f 
the purpose s o f Jefferso n an d Madison , a s reflecte d i n thei r battle s t o 
forbid establishe d religio n o f an y kin d i n Virginia. 9 Moreover , th e 
Court, beginnin g i n 1947 , applie d th e nonestablishmen t claus e t o stat e 
as well as federal government. 10 

A religion-scienc e skirmis h i n colonia l Americ a give s u s a  tast e o f 
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the Enlightenmen t view s tha t characterize d Jefferso n an d Madison' s 
approach t o nonestablishment. 11 Afte r th e Bosto n earthquak e o f 1755 , 
the Reverend Thoma s Prince' s sermon , "Earthquake s th e Works o f Go d 
and Tokens o f hi s Just Displeasure, " suggeste d tha t Be n Franklin's light -
ning rods migh t have brought o n th e earthquake. Princ e concluded, "O ! 
there i s no getting ou t o f th e might y Han d o f God ! I f we think t o avoi d 
it in the Air, we cannot i n the Earth." 12 

Harvard professo r John Winthrop, a  leading Newtonian, immediatel y 
published a  powerfu l scientifi c rejoinde r tha t wa s widel y believe d t o 
have mad e Princ e appea r ridiculous. 13 Winthrop' s response , a s wel l a s 
his writing s o n comet s a  fe w year s later , attacke d clerg y wh o fostere d 
fear rathe r tha n understandin g o f natura l phenomena , an d emphasize d 
the consistency o f Winthrop' s ow n belie f i n Go d wit h a n understandin g 
of Newtonia n mechanics. 14 Winthrop' s attitud e exemplifie d a n im -
portant stran d o f Enlightenmen t thinking : a  combinatio n o f attack s o n 
"superstitious" clerg y wit h suppor t fo r scientifi c speculation. 15 Leadin g 
American scientist s joine d Winthro p i n condemnin g th e "priestcraft " 
that controlle d men' s minds. 16 Th e goa l o f thes e scientist s wa s no t 
atheism, bu t rathe r a  faith illuminate d b y natural philosophy. 17 

The Virgini a supporter s o f th e nonestablishmen t claus e share d Win -
throp's approach . The y wante d t o preven t th e suppressio n o f enlight -
ened scienc e b y th e church . Thus , i n hi s "Memoria l an d Remonstranc e 
Against Religiou s Assessments, " Madiso n argue d tha t fifteen  centurie s 
of establishmen t Christianit y resulte d i n "superstition " o n th e par t o f 
clergy an d lait y alike. 18 Th e centerpiec e o f Jefferson' s attac k o n estab -
lished religio n i n Notes  on  the  State  of  Virginia  was a  pointed histor y o f 
science an d religion : "Galile o wa s sen t t o th e Inquisitio n fo r affirmin g 
that th e earth wa s a  sphere ; the government ha d declare d i t to b e as fla t 
as a  trencher , an d Galile o wa s oblige d t o abjur e hi s error . Thi s error , 
however, a t length prevailed , [and ] the earth becam e a globe." 19 

Jefferson wa s no t alon e i n citin g th e martyrdo m o f Galileo . Milton , 
the leadin g influenc e o n colonia l idea s o f fre e speech, 20 wa s influence d 
greatly b y a  visi t h e mad e t o th e exile d scientist. 21 Th e Areopagitica,  a 
basic sourc e t o thi s da y o n th e evil s o f licensin g speech, 22 describe s 
Milton's tri p t o Ital y wher e h e "foun d an d visite d th e famou s Galileo , 
grown old , a  prisone r t o th e Inquisition , fo r thinkin g i n astronom y 
otherwise than th e Franciscan an d Dominica n licenser s thought." 23 

Thus th e Jeffersonian wal l betwee n churc h an d stat e was designe d i n 
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part t o protec t America n Galileos . I n thi s respect , th e fre e exercis e an d 
establishment clause s are complementary; the constitutional requiremen t 
that "Congres s shal l mak e n o la w respectin g a n establishmen t o f reli -
gion, o r prohibitin g th e fre e exercis e thereof" 24 bot h protect s an d en -
hances science . Whereas som e religions ma y rel y on dogm a t o th e detri -
ment o f science , others believ e scientifi c inquir y enhance s God' s glory. 25 

Thus nonestablishmen t combine d wit h fre e exercis e encourage s peopl e 
like Winthrop t o pursue thei r researches . Throughout America n history , 
the religiou s toleranc e buil t int o th e Firs t Amendmen t ha s bolstere d 
American science . American Quakers , fo r example , whose fait h encour -
ages scientifi c endeavor , mad e majo r contribution s t o America n scienc e 
beginning i n the eighteenth century , and i n this century , American toler -
ance o f Judais m le d t o a n influ x o f Jewis h scientists , particularl y fro m 
Germany.26 

The Modern  Dispute  over  the  Theory  of  Evolution 

The establishmen t claus e ha s playe d a  decisiv e rol e i n th e twentieth -
century successo r t o th e dispute betwee n Galile o an d th e church . Just a s 
astronomy displace d huma n being s fro m th e cente r o f th e universe , th e 
theory o f evolutio n displace d huma n being s fro m thei r specia l statu s 
among th e earth' s inhabitants. 27 I n th e cas e o f evolution , th e establish -
ment claus e resolve d th e resultin g religion-scienc e disput e i n favo r o f 
science. 

The theor y tha t human s evolve d fro m othe r primate s nee d not , i n 
the abstract , pos e a  challeng e t o one' s spiritua l beliefs . Fo r example , 
Darwinism wa s readil y absorbe d whe n i t was introduced i n Japan i n th e 
late nineteent h century . Th e reaso n wa s no t tha t Japanes e societ y wa s 
more advance d scientifically ; indeed , Japan ha d muc h les s of a  scientifi c 
community a t tha t tim e tha n di d Europ e o r America. 28 A s Edwi n Re -
ischauer pointe d out , evolution di d no t caus e popular protes t becaus e of 
the nature o f the dominant Japanese belie f systems : 
Because of Shinto ideas, there were no clear lines between natura l objects , such 
as rocks , trees , waterfalls , an d mountains , an d livin g creature s o f al l sorts , 
vegetable or animal, and humans, or between humans and gods. Buddhism had 
also brought the idea that the quality of one's present life might bring rebirth as 
a superior being or as an inferior one , like a bug or a worm. No one recoiled at 
the idea tha t human s coul d b e descended fro m les s advanced anima l forms . In 
fact, Darwinism proved a support to the acceptance of Western science.29 
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But whe n Darwin' s theorie s emerge d i n nineteenth-centur y Americ a 
they presente d a n enormou s shoc k t o man y Christians , an d fo r som e 
that shoc k remains. 30 The shoc k stem s fro m specifi c religiou s teachings . 
In th e Bibl e peopl e ar e create d separatel y fro m othe r creature s an d ar e 
given a  role an d a  se t o f capabilitie s tha t se t them apar t fro m al l others . 
The Darwinia n notio n tha t peopl e ar e animal s i s a  fundamenta l chal -
lenge t o tha t entir e structure . Thi s i s no t simpl y a n instanc e wher e a 
biblical accoun t appear s a t odd s wit h moder n science . I t i s t o man y a 
threat to the very idea of transcendent morality . 

The clas h betwee n evolutio n an d scienc e first  cam e t o th e America n 
courts i n th e Scope s trial . Th e tria l verdic t wa s mixed . I n 1925 , Joh n 
Thomas Scope s was convicte d b y a  jury o f violatin g a  Tennessee statut e 
that mad e i t unlawfu l "t o teac h an y theor y tha t denie s th e stor y o f th e 
Divine Creatio n o f ma n a s taught i n the Bible , and t o teach instea d tha t 
man ha s descende d fro m a  lowe r orde r o f animals." 31 A t th e tim e o f 
Scopes's tria l an d appea l th e U.S . Supreme Cour t ha d no t ye t rule d tha t 
the nonestablishmen t claus e o f th e Firs t Amendmen t applie d t o action s 
of th e state , a s oppose d t o federal , government. 32 Thu s Scopes' s appea l 
to th e Tennesse e Suprem e Cour t wa s severel y constrained . An d th e 
Tennessee Suprem e Cour t foun d tha t th e anti-evolutio n la w wa s withi n 
the power o f the Tennessee legislature. 33 

But the process orientation o f the lega l system enable s court s to reac h 
compromises, a  powe r o f particula r importanc e i n highl y charge d an d 
divisive cases . Th e Scope s trial , wit h Clarenc e Darro w fo r th e defens e 
and Willia m Jenning s Brya n fo r th e State , had elicite d enormou s publi c 
attention, muc h o f i t consistin g o f negativ e publicit y directe d a t th e 
"fundamentalist" supporter s o f "monke y bills " lik e th e on e i n Tennes -
see.34 Even Christian magazine s expressed concer n abou t Bryan' s literal -
ist approach t o the Bible.35 

Under the circumstances , the Tennessee Supreme Cour t seeme d reluc -
tant t o affir m th e Scope s conviction . The y seize d o n th e fac t that , afte r 
the jury verdict, the trial judge had impose d a  fine of $100 , the minimu m 
amount allowe d unde r th e statute. 36 No w i t migh t see m unlikel y tha t 
Scopes was prejudiced b y having been give n the lightes t possible punish -
ment. Bu t th e Cour t note d tha t unde r th e Constitutio n o f Tennessee , a 
fine in excess o f $5 0 mus t b e assessed b y a  jury, an d th e Cour t decline d 
to rectif y thi s proble m i n an y way—i t simpl y sai d tha t th e judgmen t 
against Scope s ha d t o b e reverse d becaus e a  judge , no t a  jury , ha d 
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imposed th e fine. 37 The Cour t the n wen t o n t o not e tha t "th e peace an d 
dignity o f th e state " woul d b e bes t serve d i f th e prosecutio n o f Scope s 
were droppe d s o that "thi s bizarr e case " coul d b e ended. 38 An d indeed , 
the case ended a t that point . 

The evolutio n controvers y di d no t com e befor e th e U.S . Suprem e 
Court unti l Epperson  v.  Arkansas, 39 a  196 8 challeng e t o th e constitu -
tionality o f a n Arkansa s statut e prohibitin g th e teachin g o f evolution. 40 

By this time , the nonestablishment claus e had bee n applie d t o the states , 
and i n thi s cas e th e Jeffersonia n an d Madisonia n vie w o f tha t claus e 
carried th e day . In  othe r words , th e challeng e t o th e Arkansa s la w 
was successfu l becaus e th e cas e wa s see n a s a  disput e betwee n religio n 
and science . 

An amicu s brie f i n Epperson  demonstrate d t o th e Cour t tha t scienc e 
was i n fac t a t stak e b y includin g a  statemen t signe d b y 17 9 biologist s 
asserting tha t evolutio n "i s firmly  establishe d eve n a s th e rotundit y o f 
the earth i s firmly established."41 Anothe r brie f fo r th e opponents o f th e 
statute, in a passage with root s in the eighteenth century , argued tha t th e 
uninformed us e "al l form s o f physica l an d menta l torture , t o maintai n 
the statu s qu o o f thei r unenlightenmen t an d thei r accepte d beliefs." 42 

During oral argument , counse l fo r th e State was asked , "Wha t i f Arkan -
sas would forbi d th e theory tha t the world i s round?"43 And the Court' s 
opinion, i n strikin g dow n th e statut e unde r th e establishmen t clause , 
featured excerpt s fro m argument s agains t fundamentalis t religio n gen -
erally.44 

Commentary o n Epperson  ha s tende d t o focu s o n th e doctrina l poin t 
that th e Cour t foun d th e statut e unconstitutiona l becaus e i t ha d bee n 
enacted fo r a  religiou s purpose. 45 Bu t th e Court' s proo f o f a n illega l 
purpose consisted merel y of citation to newspaper advertisements , letter s 
to th e editor , an d la w revie w articles. 46 N o statemen t o f an y legislato r 
was included . I n othe r case s where a  religious purpos e seem s likely , th e 
Court ha s decline d t o find  on e o r eve n t o loo k ver y hard. 47 Academi c 
emphasis o n purpos e o r motiv e i n th e usua l sens e i s misplace d here . 
The Court' s scrutin y o f th e statut e wa s mor e intens e tha n i n th e usua l 
establishment cas e becaus e th e competin g valu e a t stak e wa s science . 
Indeed, th e Cour t sai d a s much : "Th e State' s undoubte d righ t t o pre -
scribe th e curriculu m fo r it s publi c school s doe s no t carr y wit h i t th e 
right t o prohibit , o n pai n o f crimina l penalty , the teaching o f a  scientifi c 
theory o r doctrin e wher e tha t prohibitio n i s base d upo n reason s tha t 
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violate th e Firs t Amendment." 48 Th e Arkansa s statute' s imprope r pur -
pose wa s no t t o ai d religion , bu t rathe r t o ai d religio n a t th e expens e 
of science. 

The Suprem e Cour t believe d i n Epperson  tha t wha t i t calle d th e 
"monkey" la w migh t b e a  curiosit y fro m a n earlie r era , notin g that , 
apart fro m Arkansas , onl y Mississipp i ha d a n anti-evolutio n statut e o n 
its books.49 I n 197 0 the Mississippi la w was struck dow n o n the author -
ity o f Epperson. 50 But , contrar y t o th e Court' s belief , th e subjec t o f th e 
teaching o f evolutio n i n th e publi c school s ha s remaine d a  livel y one . 
The fundamenta l challeng e Darwi n pose s t o th e belief s o f man y Ameri -
cans cannot easily be put to rest . 

Thus litigation ha s continued a s anti-evolutionists tr y new techniques . 
But nothin g the y tr y ca n shak e th e dominanc e o f th e scientifi c worl d 
view in this legal arena . I n 1975 , the U.S. Court o f Appeals fo r th e Sixt h 
Circuit struc k dow n a  Tennesse e statut e requirin g tha t th e teachin g o f 
evolution i n publi c school s b e accompanie d bot h b y a  disclaimer tha t i t 
is "theory " no t "scientifi c fact, " an d b y a n explanatio n o f th e Genesi s 
account i n th e Bibl e withou t suc h disclaimer. 51 Th e cour t hel d tha t 
putting scienc e a t thi s disadvantag e compare d t o religio n was , unde r 
Epperson, a  violation o f the establishment clause. 52 

Epperson wa s also applied i n a  197 3 North Carolin a cas e involving a 
substitute teache r wh o wa s aske d b y a  studen t i f h e believe d ma n de -
scended fro m monkeys. 53 Th e teache r sai d yes , challenge d som e othe r 
biblical storie s a s unscientific , an d wa s fired  the nex t da y whe n student s 
complained.54 Th e distric t cour t hel d i n favo r o f th e teache r o n variou s 
grounds, includin g th e establishmen t clause. 55 Th e court' s opinio n 
traced th e persecutio n o f Galile o an d th e contributions o f Newton , an d 
concluded tha t th e "Unite d State s Constitutio n wa s drafte d afte r thes e 
and simila r event s ha d occurred , bu t no t s o lon g afte r tha t the y ha d 
been forgotten." 56 

Creationism in  the  Courts 

The mos t recen t attac k o n evolutio n ha s com e fro m creationism—th e 
movement arguin g tha t ther e i s scientifi c evidenc e tha t th e creatio n 
account i n the Book of Genesi s i s accurate.57 

The first  thing to sa y about creationis m i s that it s very existence i s an 
extraordinary demonstratio n o f th e rol e o f scienc e i n America n society . 



j6 •  SCIENC E VERSU S RELIGIO N I N AMERICA N LA W 

The notio n tha t a  religiou s accoun t o f realit y depend s upo n scientifi c 
verification woul d com e a s a  shoc k t o man y i n othe r culture s an d i n 
other times . I t is not a t al l clear tha t revelatio n o r fait h mus t be subordi -
nate t o empiricism . Bu t i n Americ a toda y som e fundamentalist s hav e 
either com e t o believe—o r hav e bee n drive n t o assert—tha t scientifi c 
support fo r Genesi s i s o f centra l importance . Thes e creationist s hav e 
then brough t abou t th e passag e o f legislatio n requirin g tha t "creatio n 
science" be taught alon g with evolutio n i n the public schools . 

But calling something creation "science " does not make i t so from th e 
point o f vie w o f th e scientifi c communit y o r th e courts . Th e traditiona l 
scientific communit y rallie d agains t creationism, 58 emphasizin g tha t i t 
really wa s no t a  scientifi c theor y becaus e i t did no t admi t th e possibilit y 
that Genesi s wa s wrong . Th e court s wer e the n confronte d onc e agai n 
with lawsuit s pittin g scienc e agains t religion , an d the y rule d onc e agai n 
for science . Th e proces s bega n whe n a  federa l distric t cour t hel d i n 
McLean v.  Arkansas,  52 9 F . Supp . 125 5 (E.D . Ark . 1982) , tha t a n 
Arkansas statute mandating that creationism b e taught along with evolu -
tion wa s a n unconstitutiona l establishmen t o f religion . Th e matte r 
reached th e U.S . Suprem e Cour t i n th e 198 7 cas e o f Edwards  v.  Agu-
illard.59 

Edwards involve d a  carefull y drafte d statute—th e Louisian a "Bal -
anced Treatmen t fo r Creation-Scienc e an d Evolution-Scienc e i n Publi c 
School Instruction " Act . Thi s ac t forbad e th e teachin g o f evolutio n i n 
public schools unless accompanied b y the teaching of "creatio n science, " 
which wa s define d a s th e "scientifi c evidence s fo r [creation ] an d infer -
ences fro m thos e scientifi c evidences." 60 N o schoo l wa s require d t o 
teach evolutio n o r creatio n science , bu t i f eithe r wa s taugh t th e othe r 
had t o be taught a s well. 

The traditiona l scientifi c communit y urge d th e Cour t t o rejec t th e 
notion tha t "creatio n science " wa s anythin g othe r tha n religion . Brief s 
opposing th e Louisian a la w wer e filed  by , amon g others , a  grou p o f 7 2 
Nobel Laureate s i n science , an d b y th e Nationa l Academ y o f Sciences . 
And th e majorit y o f th e Suprem e Court , citin g a  surve y o f Louisian a 
school superintendents , rejected th e state's claim tha t "creationism " wa s 
just anothe r scientifi c theor y an d conclude d instea d tha t i t wa s a  reli -
gious doctrine characterize d b y "th e litera l interpretatio n o f the Book of 
Genesis."61 I n th e end , th e Suprem e Cour t struc k dow n th e Louisian a 
law a s a n establishmen t o f religio n becaus e the y looked , a s the y ha d 
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in Epperson,  t o th e state' s purpos e an d foun d a n imprope r religiou s 
infringement o n science : 

In this case , the purpose o f th e Creationism Ac t was to restructur e th e science 
curriculum t o confor m wit h a  particula r religiou s viewpoint . Ou t o f man y 
possible scienc e subject s taugh t i n th e publi c schools , th e legislatur e chos e t o 
affect th e teaching of the one scientific theory that historically has been opposed 
by certain religiou s sects. As in Epperson,  the legislature passed the Act to give 
preference to those religious groups which have as one of their tenets the creation 
of humankin d b y a  divin e creator . .  . . Becaus e th e primar y purpos e o f th e 
Creationism Ac t i s t o advanc e a  particula r religiou s belief , th e Ac t endorse s 
religion in violation of the First Amendment.62 

The blo w t o som e religiou s American s inflicte d b y th e Edwards  cas e 
is considerable , bu t i t i s a n unavoidabl e consequenc e o f th e constitu -
tional statu s of American scienc e and religion . Even Stephen Carter , wh o 
has argue d eloquentl y tha t America n elite s wrongl y trivializ e religion , 
concedes tha t "Edwards  v.  Aguillard  i s correctly , i f perhap s tragicall y 
decided. Th e decisio n i s correc t becaus e o f th e difficult y o f articulatin g 
the precis e secula r purpos e fo r th e teachin g o f creationism : eve n i f 
dressed u p i n scientifi c jargon , i t is , a t heart , a n explanatio n fo r th e 
origin o f lif e tha t i s dictated solel y by religion." 63 

It i s impossibl e t o understan d Epperson,  Edwards,  an d th e othe r 
evolution case s a s simpl y dealin g wit h th e establishmen t o f religion . 
Consider, b y comparison , applicatio n o f th e establishmen t claus e t o 
state law s tha t criminaliz e homosexua l behavior . Thes e laws , lik e anti -
evolution laws , are religiou s i n origin . They deriv e directl y fro m specifi c 
biblical passages, 64 an d th e offense i n question wa s define d traditionall y 
as "th e abominabl e si n no t fit  t o b e name d amon g Christians." 65 Fur -
thermore, anti-sodom y law s canno t easil y b e analogize d fo r constitu -
tional purpose s t o othe r crimina l laws , like those agains t murder , whic h 
have religiou s root s bu t hav e take n o n a  secula r purpose. 66 Unlik e th e 
laws agains t murder , law s agains t homosexualit y ar e retaine d i n par t 
because of religiou s pressure, 67 and man y homosexua l crime s affec t onl y 
consenting adults. 68 

Yet establishmen t claus e challenge s t o th e law s agains t homosexua l 
behavior hav e faile d uniformly. 69 Moreover , i n decision s involvin g ho -
mosexuality, court s ofte n g o ou t o f thei r wa y t o rel y o n th e biblica l 
origins o f th e laws . Thu s i n Doe  v.  Commonwealth 70 a  three-judg e 
federal cour t uphel d Virginia' s righ t t o prohibi t private , consensua l ho -
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mosexual act s betwee n adults . Th e cour t foun d tha t "th e longevit y o f 
the Virginia Statut e does testify t o the State's interest and its legitimacy . 
It i s no t a n upstar t notion ; i t ha s ancestr y goin g bac k t o Judai c an d 
Christian law. " Th e cour t the n cite d Leviticu s 18:22 : "Tho u shal t no t 
lie with mankind , a s wit h womankind : i t i s abomination." 71 Similarly , 
when th e U.S . Suprem e Cour t uphel d a  Georgia sodom y statute , Chie f 
Justice Burger's concurrence stressed that "condemnation o f [sodomy ] is 
firmly rooted in Judaeo-Christian mora l and ethical standards." 72 

Religion is thus deeply involved with our views about homosexuality , 
yet establishment claus e challenge s fai l whil e the y succee d whe n evolu -
tion i s involved . Th e establishmen t claus e canno t b e understoo d solel y 
as a  statement abou t religion ; it s content  depend s upo n th e contex t i n 
which religio n i s operating . Whe n religio n shape s our mora l standards , 
constitutional scrutin y i s more lax tha n when religio n shape s our scien-
tific standards . Analyzin g th e evolutio n decision s withou t referenc e t o 
the constitutiona l statu s o f scienc e i s lik e analyzin g a  stea m engin e 
without reference to the steam. 

Not only  hav e th e court s kep t Genesi s ou t o f th e publi c schoo l 
curriculum, the y hav e prevente d individua l teacher s an d student s fro m 
opting ou t o f th e standar d cours e o f study . I n 1990 , a  federal appellat e 
court held tha t a  junior high schoo l teache r had no fre e speec h righ t t o 
teach creationism when that topic was not included in the curriculum. 73 

In 1992 , whe n a  Californi a hig h schoo l biolog y teache r wa s repri -
manded fo r teachin g creationism , h e trie d a  differen t lega l theory . H e 
went t o court , arguin g tha t evolutio n wa s simpl y anothe r religio n an d 
that hi s ow n right s wer e overridde n whe n h e was force d t o teac h Dar -
win's theorie s a s require d b y th e standar d curriculum. 74 Hi s clai m wa s 
rejected—the cour t foun d tha t th e stat e coul d insis t tha t it s teacher s 
teach its curriculum and the court rejected the characterization of evolu-
tion as "religion," describing it instead as "the widely accepted scientifi c 
explanation o f the origin of life." 75 

Here agai n i t i s importan t t o understan d tha t i t i s no t simpl y tha t 
religion i s losing—i t i s mainstrea m scienc e tha t i s winning . Thu s Ste -
phen Carter , i n th e cours e o f a  sympatheti c accoun t o f th e view s o f 
creationists, note s tha t h e "would  b e distresse d wer e creationis m t o b e 
offered a s par t o f th e curriculu m a t a  publi c schoo l supporte d b y ta x 
dollars, bu t i t i s importan t t o not e th e reason . I  woul d b e distresse d 
because I think it bad science—no more and no less."76 
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Finally, perhap s th e sharpes t blo w t o traditiona l religio n i n thi s are a 
came whe n som e Tennesse e parents , describin g themselve s a s "bor n 
again Christians, " wen t t o cour t i n 198 3 t o argu e tha t thei r childre n 
should b e excused fro m publi c school classe s when materia l offensiv e t o 
their religion , includin g evolution , wa s taught. 77 The y wer e no t seekin g 
the teaching o f creationis m o r anythin g else—the y jus t wanted release d 
time. Bu t th e cour t rejecte d thei r fre e exercis e o f religio n claim , sayin g 
that attendin g clas s did no t requir e "affirmatio n o r denia l o f a  religiou s 
belief, o r performanc e o r non-performanc e o f a  religiou s exercis e o r 
practice."78 Th e court furthe r conclude d tha t the only way to accommo -
date th e parents ' clai m woul d b e t o eliminat e al l materia l offensiv e t o 
their religion , an d "th e Suprem e Cour t ha s clearl y hel d tha t i t violate s 
the Establishment Claus e to tailor a  public school's curriculum t o satisf y 
the principles o r prohibitions o f an y religion." 79 The Epperson  cas e was 
cited for the last proposition . 

The Growth  of  Civil  Religion 

The success of evolution i n the courtrooms provides a  strong measure of 
protection fo r scienc e against a  possible rival . It does not, however, full y 
account fo r th e moder n relationshi p betwee n scienc e an d religio n i n 
American society . Religio n ha s man y claim s tha t tur n no t a t al l o n 
Darwin, an d religio n play s a  major rol e in modern America n life . More -
over, when scienc e i s not directl y involved , w e have see n tha t th e court s 
have allowed th e church t o have considerable influence , a s in the regula -
tion o f homosexua l behavior . Nonetheless , when we examine the role of 
American religio n i n publi c lif e acros s th e board , w e se e religio n a s a 
smaller presenc e tha n i s require d b y logi c an d law . W e als o se e scienc e 
playing a larger role in many debates than migh t be expected . 

This i s no t happenin g becaus e American s ar e flockin g t o atheis m o r 
agnosticism. Rumor s o f th e deat h o f religio n i n Americ a ar e entirel y 
unfounded. Th e percentag e o f American s affiliate d wit h a  religiou s 
group i s highe r toda y tha n i n th e earl y 1950 s an d muc h highe r tha n i t 
was i n th e 1780s. 80 Moreover , th e fastes t growin g denomination s ten d 
to be those with th e most literalistic interpretation o f the Bible.81 

But the other sid e of the coin i s revealing. The mainstream Protestan t 
denominations—such a s th e Presbyterians , Lutherans , an d Episcopa -
lians—are i n decline. 82 Moreover , th e conten t o f thes e traditiona l reli -
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gions, as well a s others, has become increasingly secularized. 83 Religion s 
have sough t t o softe n thei r distinctiv e teaching s i n order t o appea l t o a n 
increasingly mobil e and modernize d constituency . 

At the same time, America's "civil " or "political " religio n has becom e 
increasingly pervasiv e an d har d t o distinguis h fro m th e watered-dow n 
doctrines o f th e mainstrea m churches . Sociologis t Pete r L . Berge r ha s 
defined civi l religio n a s "basi c conviction s abou t huma n destin y an d 
human right s a s expresse d i n America n democrati c institutions." 84 A t 
times, our civi l religion in practice becomes a  nonthreatening notio n tha t 
America an d American s believ e i n a  vague , undemandin g sor t o f God . 
As Presiden t Eisenhowe r reportedl y said , "Ou r governmen t make s n o 
sense unles s i t i s founde d i n a  deepl y fel t religiou s faith—an d I  don' t 
care what i t is." 85 Mor e recently , President Bush spok e of "ou r Nation' s 
Judeo-Christian mora l heritag e an d .  . .  th e timeles s value s tha t hav e 
united American s o f al l religion s an d al l walk s o f life : lov e o f Go d an d 
family, persona l responsibilit y an d virtue , respec t fo r th e law , an d con -
cern for others." 86 

To som e extent , America n religio n i s a victim o f it s own success . The 
genuine opportunit y fo r fre e exercis e attract s peopl e wit h countles s be -
liefs fro m aroun d th e globe . Unde r th e circumstances , publi c endorse -
ment o f an y distinctiv e religiou s teachin g i s boun d t o offen d quit e a 
large numbe r o f Americans . I t i s importan t t o remembe r tha t man y 
objections to government-sponsored religiou s observances stem not fro m 
the complaint s o f atheist s bu t fro m thos e o f differen t faiths . Fo r exam -
ple, th e 196 3 U.S . Supreme Cour t cas e strikin g dow n Bibl e reading s i n 
the publi c school s wa s brough t b y a  church-goin g Unitaria n wh o ob -
jected, amon g othe r things , t o th e theologica l doctrin e o f th e Trinity. 87 

Earlier challenge s t o Bibl e reading s wer e brough t b y Catholic s wh o 
objected t o use of the King James translation o f the Bible, which was no t 
approved b y Catholi c ecclesiastica l authority. 88 I n Boston , i n 1859 , a n 
eleven-year-old Catholi c bo y wa s beate n b y hi s teache r becaus e h e 
would no t rea d th e Te n Commandment s fro m th e Kin g James version . 
When a  cour t hel d tha t thi s disciplin e was proper , publi c outrag e le d t o 
changes on the Boston Schoo l Committee. 89 

The practice s o f minorit y religion s remai n controversia l today . I n 
1993, th e Suprem e Cour t struc k dow n a  Hialeah , Florida , ordinanc e 
that forbi d th e Santeri a religion' s practic e o f anima l sacrifice. 90 Th e 
Court note d th e ordinanc e ha d bee n supporte d b y man y Cuba n immi -
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grants wh o wer e familia r wit h Santeri a fro m thei r nativ e country , an d 
who applaude d th e fac t that , i n Cuba , "peopl e wer e pu t i n jai l fo r 
practicing thi s religion." 91 I n America tha t canno t happen , bu t clearly i t 
is tru e tha t a  Santeria-dominate d legislatur e coul d no t impos e it s reli -
gious beliefs o n a n unconsentin g minority . 

The net effect i s that religion , which ca n be highly distinctive , must b e 
watered dow n whe n i t i s linked i n an y wa y wit h th e government . Thu s 
consider th e well-know n Suprem e Cour t decision s allowin g displa y o n 
public propert y o f a  crech e whe n i t i s surrounded b y a  "Season s Greet -
ings" banner an d plasti c reindeer,92 bu t no t when i t stands alone. 93 

None o f thi s mean s tha t religio n canno t influenc e publi c debat e an d 
legislation. Whe n a  secula r purpos e ca n b e shown , law s tha t mandat e 
Sunday closing s 94 o r ba n sodom y 95 will  b e upheld . Bu t th e toleranc e 
demanded b y th e fre e exercis e an d nonestablishmen t clause s ha s a n 
impact. O n man y issues , religious leaders , afraid o f offending other s an d 
of losin g parishioners , sh y awa y fro m stron g mora l pronouncements . 
The stabilit y o f ou r pluralisti c politica l communit y ca n onl y stan d s o 
much. A s John Rawl s ha s pu t it , the "overlappin g consensus " neede d i f 
groups wit h differen t belief s ar e t o liv e peacefull y togethe r implie s tha t 
religious group s themselve s mus t b e toleran t o f othe r approache s t o 
the truth. 96 

Stephen Carte r argue s fo r greate r acceptanc e b y America n elite s o f 
people wit h stron g traditiona l faith , bu t h e als o envision s a  societ y i n 
which religio n remain s separat e fro m an d critica l o f th e stat e an d i n 
which variou s viewpoint s ca n flourish. 97 Accordin g t o Carter , religiou s 
groups tha t woul d tak e awa y th e freedo m o f other s shoul d b e oppose d 
precisely becaus e o f th e conten t o f thei r beliefs. 98 Th e prope r politica l 
goal, accordin g t o Carter , i s the participatio n o f religiou s an d nonrelig -
ious groups i n a  "stat e tha t loves  liberty an d cherishe s it s diversity." 99 

Science, Progress,  and  Values 

If religio n i n a  pluralisti c societ y i s unlikel y t o b e a  unifie d sourc e o f 
values, th e scientifi c community , wit h it s unusua l degre e o f interna l 
coherence, i s i n som e respect s bette r off . Moreover , change s i n th e 
American conceptio n o f progres s hav e strengthene d th e influenc e o f 
science. I n it s Enlightenmen t embodiment , progres s embrace d th e ide a 
of improvemen t throughou t huma n affairs . I n thi s century , however , 
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world wars , totalitaria n regimes , an d th e growt h o f relativisti c philoso -
phies hav e undermine d tha t faith. 100 W e ar e n o longe r sur e tha t ou r 
political idea s ar e movin g forward , bu t w e stil l lik e the ide a o f forwar d 
movement. S o what remains ? The answer i s science—the one institutio n 
where progres s i s stil l th e unashame d touchstone . Progressivis m ha s 
survived toda y largel y becaus e moder n thinker s "hav e divorce d i t fro m 
the 'heavenl y cit y o f th e eighteent h centur y philosophers, ' tie d i t t o th e 
cause o f democrac y an d abundance , an d brough t i t dow n t o earth." 101 

Thus th e linkag e betwee n scienc e an d fait h availabl e t o th e framer s ha s 
fallen victi m no t onl y t o Darwinism , bu t t o increase d secularizatio n 
and pessimism : 

In it s inceptio n whe n th e secula r orde r embrace d th e visio n o f a  perfecte d 
humanity and a  new human community, important segments of the community 
of faith coul d identify wit h the efforts t o achieve such a goal. In that situation a 
collapse of faith into the general cultural situation was understandable. But with 
the declin e o f tha t visio n an d it s supersession b y the ris e to dominanc e o f th e 
"technological imperative " i t ha s becom e mor e difficul t t o find  in th e secula r 
sphere reflections of a substantive Christian purpose.102 

Thus in the public sphere appeals to science and it s progressive value s 
are common . W e ma y n o longe r believ e we can mak e bette r people , bu t 
we believe we can alway s learn mor e about th e natural world , and som e 
type of progress remain s bette r than none . 

But we must b e cautious abou t wha t scienc e cannot do . I t is precisely 
its lac k o f normativ e conten t tha t make s progres s a n unproblemati c 
norm i n the scientific community . Science does not tel l us what we ough t 
to do . Indeed , i t disclaim s an y suc h authority . I f i t di d otherwise , i t 
would weaken it s claims to neutrality an d testability . But we often forge t 
that. A  discussio n o f whethe r a  compute r ca n b e buil t o r whethe r a 
genetic therapy ca n b e achieved quietl y slip s into an assumptio n tha t th e 
computer o r th e therap y ough t t o b e undertaken . Science , give n th e 
absence o f a  lou d voic e fo r traditiona l religion , ofte n play s a  larg e rol e 
in our thinking abou t th e kind o f societ y we ought t o build. 103 

The theor y o f evolutio n itsel f offer s a n excellen t example . As a scien -
tific theor y i t ha s ha d enormou s influence . Bu t i t ha s don e muc h mor e 
than that . Fro m nineteenth-centur y Socia l Darwinis m t o moder n socio -
biology, evolutionar y idea s hav e spille d ove r int o theorie s abou t huma n 
virtue an d morality. 104 Th e presentatio n o f thos e theorie s i s perfectl y 
appropriate an d understandable—i t woul d b e odd indee d i f scienc e di d 
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not influenc e ou r thinkin g o n nonscientifi c issues . But matter s o f moral -
ity, in th e end , ar e no t subjec t t o th e scientifi c method . On e ca n believe , 
for example , tha t al l o f th e physica l similarit y i n th e worl d doe s no t 
prove tha t huma n mora l choice s ar e indistinguishabl e fro m th e choice s 
made b y othe r animals . A s one twentieth-centur y theologia n wrote , "i t 
is not tru e tha t a  specifi c kin d o f continuit y i n th e natura l orde r affect s 
the lif e o f th e huma n spirit . .  . . Si n i s no t foun d i n th e brutes , an d 
anyone wh o professe s t o find  i t ther e misunderstand s th e concep t 
'sin.' " 1 0 5 Thes e voice s to o ofte n g o unhear d whe n speculation s begi n 
about th e implication s o f th e lates t scientifi c breakthrough . Ou r plural -
ism makes the voices talking about value s so diverse and dilut e that the y 
are too easily ignored . 

Thus basi c scienc e occupie s a  favorabl e positio n indee d i n America n 
law an d culture . Th e Constitutio n shield s scienc e fro m it s rival—reli -
gion—and fro m governmen t suppression . I t lay s th e groundwor k fo r 
generous funding , an d statute s assur e tha t th e resultin g fundin g i s par -
celed out b y the scientifi c communit y itself . Meanwhile i n our pluralisti c 
culture wit h traditiona l religiou s voice s ofte n wea k an d divided , scienc e 
even play s a  majo r rol e i n th e formatio n o f ou r values . Throughout th e 
entire process , th e progressiv e etho s o f scienc e utterl y dominate s th e 
cautious proces s norm s o f th e lawyer . Bu t whe n w e com e t o applyin g 
science t o th e rea l worl d throug h technology , th e table s ar e turned wit h 
a vengeance. 



• 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 

84 
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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 



LEGAL RESTRICTION S O N NE W TECHNOLOG Y •  9 7 

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 
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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 . 



• S E V E N * 

The Huma n Genom e Initiativ e 
and Huma n Responsibilit y 

The Huma n Genom e Initiativ e i s a  massiv e governmen t undertakin g 
designed t o determin e th e structur e o f ever y gen e in th e human body . I t 
has been presented t o the public as a concentrated scientifi c effor t aime d 
directly a t knowledge that will  cure disease. In reality i t is a controversia l 
multiagency se t of program s wit h unclea r medica l implication s bu t wit h 
a growing impact o n ho w we think o f ourselves a s individuals . 

From it s scientifi c origin s t o th e present , th e Huma n Genom e Initia -
tive ha s illustrate d th e fundamenta l relationshi p betwee n scienc e an d 
society. At the outset , the basic research tha t mad e the initiative possibl e 
was typica l i n tha t i t followe d a n errati c cours e drive n b y scientifi c 
norms an d resistanc e to political controls . 

The Development  of  Modern  Genetics 

The stor y o f moder n genetic s bega n ove r a  centur y ag o an d proceede d 
with discoverie s tha t followe d anythin g bu t a  straight line. 1 In 1866 , the 
Austrian mon k Grego r Mende l publishe d a  paper concernin g th e breed -
ing of swee t peas . Presumably fe w people in history hav e failed t o notic e 
that livin g organisms pas s o n trait s t o thei r offspring , bu t Mende l mad e 
an unusuall y systemati c inquiry int o the process. When h e bred tal l pea s 
with tal l an d shor t wit h short , th e offsprin g wer e tru e t o type—th e tal l 
begat tal l an d th e shor t bega t short . Whe n h e bre d tal l an d short , th e 
offspring wer e al l tall . Bu t whe n thes e mixe d ancestr y tal l plant s wer e 

1 1 2 

.
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crossed, 7 5 percen t o f thei r offsprin g wer e tal l an d 2 5 percen t wer e 
short. Fro m thes e an d simila r results , Mende l wa s abl e t o deduc e tha t 
inherited trait s wer e determine d b y tw o heredit y units , on e fro m eac h 
parent, an d tha t th e agents of inheritance migh t turn ou t to be dominan t 
or recessive. 

Mendel di d not , however , kno w th e mechanism throug h whic h inher -
itance took place ; indeed, the word gene  di d no t exis t in his day, nor di d 
he coi n it . Unbeknowns t t o Mendel , a t th e sam e tim e h e wa s crossin g 
sweet peas , th e Swis s scientis t Friedric h Miesche r wa s determinin g tha t 
what w e no w cal l deoxyribonuclei c aci d (DNA ) wa s foun d i n th e nu -
cleus o f cells . Miescher wa s unawar e o f Mendel' s work , and , eve n i f h e 
had been , i t i s unlikel y tha t an y connectio n betwee n the m woul d hav e 
been made . Althoug h Miesche r sense d tha t hi s wor k ha d implication s 
concerning cellula r growth , th e scienc e an d technolog y o f hi s da y wer e 
unable t o uncove r th e basi c structur e o f DNA , le t alon e it s relationshi p 
to the mechanism o f inheritance . 

These modes t beginning s o f moder n genetic s demonstrat e th e foll y o f 
efforts t o forc e basi c researc h t o produc e precisel y define d socia l ends . 
Imagine a regulatory agenc y that somehow ha d jurisdiction ove r farflun g 
researchers suc h a s Mende l an d Miesche r an d tha t sough t t o shap e al l 
science fo r specifi c socia l end s suc h a s bette r medicine . Eve n i f suc h 
hypothetical masterplanner s wer e indifferen t t o bot h th e freedo m o f th e 
researcher an d th e valu e o f knowledg e fo r it s ow n sake , the y woul d 
founder o n the sheer unpredictability o f scientifi c progress . After Mende l 
and Miesche r i t simpl y wa s no t knowabl e whic h characteristic s o f hu -
man being s wer e inherited , ho w i f a t al l suc h characteristic s coul d b e 
changed, an d a t wha t cos t suc h change s coul d b e made . I t was no t eve n 
immediately clea r i f their work relate d t o health o r i f it had an y practica l 
implications a t all . Althoug h a s researc h progresse s it s technologica l 
implications becom e mor e evident , a t th e ver y beginnin g th e futur e i s 
nearly invisible . 

Indeed, th e nex t step s i n th e unravelin g o f th e huma n geneti c cod e 
were no t eve n inspire d b y Mendel' s work , whic h wa s publishe d bu t la y 
unread fo r decades . Instead i t was Charle s Darwin' s theor y o f evolutio n 
that sparke d th e rediscovery o f Mendel' s idea s and subsequen t progress . 
Darwinian evolutio n required , o f course , tha t organism s pas s on certai n 
traits; otherwise th e surviva l o f th e fittest  woul d las t exactly on e genera -
tion. Ye t Darwin , unawar e o f Mendel' s research , wrot e tha t "[t]h e law s 
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governing inheritanc e ar e fo r th e mos t par t unknown . N o on e ca n sa y 
. .  . why th e chil d ofte n revert s i n certai n characteristic s t o it s grandfa -
ther o r grandmother o r more remote ancestor." 2 

In the latte r par t o f th e nineteenth century , controlle d experiment s i n 
botany confirme d Darwin' s ide a tha t mutation s leadin g t o fitnes s en -
hanced survival . Finally , i n 1900 , unknow n t o eac h othe r an d unawar e 
of Mendel , thre e botanist s rediscovere d Mendel' s laws . Eac h o f th e 
three—Karl Corren s o f Germany , Eric h vo n Tscherma k o f Austria , an d 
Hugo d e Vrie s o f Holland—searche d th e literature , foun d Mendel' s 
paper, an d credite d hi m fo r th e discovery . Thu s w e spea k toda y o f 
Mendel's law s an d Mendelia n inheritanc e rathe r tha n Correns' s law s o r 
de Vries's inheritance . 

Not ever y scientis t ha s bee n a s graciou s a s Correns , vo n Tschermak , 
and d e Vries, but their referenc e t o Mendel does illustrate the fundamen -
tal rol e priorit y play s i n th e valu e syste m o f science . It' s comin g i n first 
that counts—not ho w well-written you r paper i s or even how cleve r you 
may be . An independent rediscover y migh t take as much shee r brillianc e 
as th e origina l discovery , bu t i t doe s no t generat e equa l fame . Indeed , 
even i f th e tri o o f researcher s i n 190 0 ha d no t cite d Mendel , w e stil l 
might invok e the monk' s nam e i f later researc h ha d uncovere d hi s work . 
By rewardin g priorit y scienc e put s progres s first. A  researche r seekin g 
recognition withi n th e scientific establishmen t i s on notic e tha t repeatin g 
old wor k wil l no t lea d t o th e greates t rewards . Finally , th e emphasi s o n 
priority support s th e cumulativ e natur e o f science . On e read s earlie r 
work t o avoi d repetition , an d on e i s the n i n a  positio n t o buil d o n 
that work . 

The contras t wit h la w i s striking . Conside r th e developmen t o f th e 
idea of privacy, a concept that , as we will see, has important implication s 
for individuals ' contro l ove r informatio n abou t thei r geneti c makeup . 
Most lawyer s an d lega l scholar s associat e th e earl y developmen t o f 
modern privac y la w with U.S . Supreme Cour t Justice Loui s D. Brandeis . 
It was , afte r all , Brandei s wh o wrot e th e famou s dissen t i n th e 192 8 
Olmstead cas e i n whic h h e calle d fo r extendin g th e constitutiona l pro -
tection agains t unreasonabl e searche s an d seizure s t o wiretapping, 3 a 
position th e Suprem e Cour t ultimatel y adopte d i n 1967. 4 I n th e mos t 
famous passag e i n Olmstead,  Brandei s sai d tha t th e maker s o f ou r 
Constitution "conferred , a s agains t th e Government , th e righ t t o b e le t 
alone—the mos t comprehensiv e o f right s an d th e righ t mos t value d 
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by civilize d men." 5 Thu s w e associat e Brandei s wit h "th e righ t t o b e 
let alone." 

Careful scholar s hav e note d tha t whe n Justice Brandei s discusse d th e 
"right t o b e le t alone " h e wa s drawin g o n a  la w revie w article , "Th e 
Right to Privacy, " h e had coauthore d i n 189 0 while practicing law. 6 Bu t 
even her e ther e ofte n seem s t o b e a n assumptio n tha t i t wa s Brandei s 
rather than th e coauthor, Samue l D . Warren, who was the primary forc e 
behind th e article . In fact i t was Warren, whose marriage to a  prominen t 
woman ha d le d magazine s t o repor t o n hi s lif e "i n luri d detail, " wh o 
proposed t o Brandei s tha t th e piec e b e written. 7 I n an y event , i t wa s 
neither Brandei s no r Warre n wh o first  spok e o f privac y a s th e righ t t o 
be le t alone . As they note d i n thei r article, 8 thi s ide a wa s draw n fro m a 
passage i n Thoma s Cooley' s 188 8 Treatise  on  the  Law  of  Torts:  "Th e 
right to one' s person ma y b e said t o be a right o f complet e immunity : t o 
be let alone." 9 

Now Coole y wa s no t a n obscur e ma n i n hi s day . H e serve d o n th e 
Supreme Cour t o f Michigan , h e wa s a  professo r o f law , an d h e wa s a 
prolific write r o n lega l topics. 10 I f scientifi c convention s governed , la w 
students toda y woul d spea k o f Cooley' s righ t t o privacy . Bu t ther e i s 
nothing surprisin g o r inappropriat e abou t th e us e o f Brandeis' s nam e 
instead. Brandei s wrot e mor e powerfully , h e applie d th e ide a mor e 
broadly, an d hi s positio n o n th e U.S . Suprem e Cour t gav e hi s word s 
special importance . Priorit y alon e i s hardly decisiv e in the law . 

After th e rediscover y o f Mendel' s law s i n 1900 , th e focu s shifte d t o 
finding the chemica l basi s fo r heredity . By 194 0 a  series of scientist s ha d 
established tha t th e unit s o f heredit y wer e containe d i n sausage-shape d 
structures calle d chromosome s i n th e nucleu s o f ever y cell . These chro -
mosomes carrie d gene s that determine d a n organism' s biochemica l char -
acteristics. Chromosomes , i t ha d bee n determined , cam e i n pairs , wit h 
each paren t providin g on e o f eac h pair . Gene s wer e know n t o produc e 
proteins an d enzymes , th e sourc e o f th e structur e an d chemistr y o f 
living matter . 

In th e earl y 1940 s researcher s a t th e Rockefelle r Institut e i n Ne w 
York foun d evidenc e that genes were made of DNA, the substance foun d 
decades earlie r b y Friedric h Miesche r i n th e nucleu s o f cells . The puzzl e 
was that DN A seeme d to o simpl e to carry ou t geneti c instructions whil e 
replicating itsel f fo r th e nex t generation . Th e myster y wa s solve d b y th e 
1953 publicatio n o f Jame s Watso n an d Franci s Crick' s pape r settin g 
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forth th e double helica l structur e o f DNA . A rapid serie s of late r discov -
eries filled in the precise nature of the genetic code. 

The discover y o f th e doubl e heli x i s a  classi c exampl e o f th e rol e o f 
aesthetics i n science : the double helix was an elegan t structure , inspirin g 
Watson t o writ e tha t h e and Cric k wer e convinced tha t " a structur e thi s 
pretty jus t ha d t o exist." 11 A  scientis t canno t forc e th e worl d t o fit  hi s 
image of beauty . But that imag e can inspir e hi s efforts t o find  somethin g 
that will  late r stan d up—a s th e doubl e heli x did—t o verificatio n b y 
others. 

The discover y o f th e doubl e heli x als o point s u p agai n th e centralit y 
of priorit y i n th e scientifi c endeavor , althoug h i t i s an aspec t o f priorit y 
that i s less attractive tha n th e trio o f researcher s independentl y creditin g 
Mendel's earlie r work . Priorit y ca n als o mea n winnin g a  clos e rac e 
against someon e yo u kno w i s working i n your area . Watson wa s awar e 
that th e grea t scientis t Linu s Paulin g wa s als o seekin g t o find  th e struc -
ture o f DNA . Whe n Watson , immediatel y afte r th e discover y o f th e 
double helix , wrote to professor Ma x Delbruc k abou t hi s breakthrough , 
he urged Delbruck no t to tel l Pauling : 

I was stil l slightly afrai d somethin g would g o wrong and did no t want Paulin g 
to think abou t hydrogen-bonde d pair s unti l we had a  few mor e days to diges t 
our position. My request, however, was ignored. Delbruck wanted to tell every-
one in his lab. . . . Then ther e was the even more important consideratio n tha t 
Delbruck hated any form of secrecy in scientific matters.12 

Watson's experienc e wit h th e tensio n betwee n priorit y an d secrec y i s 
typical. Trying t o kee p matter s secre t is , if nothin g else , difficult . I n th e 
end, prompt publicatio n i s typically the best guarantee o f priority . 

As w e hav e seen , th e rol e o f priorit y change s radicall y whe n on e 
moves fro m scienc e to law . Indeed , i t i s not simpl y a  matter o f creditin g 
Brandeis rathe r tha n Coole y fo r th e righ t t o privac y becaus e o f th e 
former's greate r eloquenc e an d prestige . A t times , comin g i n secon d i s 
better fo r a  judg e o r a  lawyer . Bein g th e first  t o confron t a n issu e ca n 
happen b y chance and a  result initiall y reache d ofte n ha s to be amende d 
in light of experience . 

Consider, fo r example , the admissibilit y i n crimina l trial s o f evidenc e 
from wha t ha s com e t o b e calle d DN A typing. 13 Apar t fro m identica l 
twins, any tw o peopl e differ , albei t very slightly , in terms o f thei r DNA . 
Criminals ofte n leav e behin d hai r follicles , bloo d stains , o r othe r sub -
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stances fro m whic h DN A ca n b e extracted . A  suspect' s DN A ca n the n 
be compare d wit h th e crim e scen e evidenc e t o se e i f the y match . Th e 
system i s not foolproof . Typin g the DNA i n the laboratory mus t be done 
very carefull y s o tha t error s d o no t cree p in . Moreover , wit h presen t 
technology, i t i s only possibl e t o typ e a  portion o f a n individual' s DNA , 
so there i s a small chance that whe n tw o sample s match the y are , in fact , 
from differen t people—th e matc h i s simply a  coincidence . Th e odd s o f 
such a  match betwee n sample s fro m tw o differen t individuals ' DN A ar e 
higher i f th e tw o ar e related , o r o f th e sam e race , o r otherwis e mor e 
closely linke d geneticall y tha n tw o peopl e chose n a t rando m fro m th e 
world's population . 

The first  appellat e decisio n rulin g o n th e admissibilit y o f DN A evi -
dence in a  criminal tria l wa s a  198 8 Florid a judgmen t upholdin g th e us e 
of suc h evidence. 14 Bu t jus t bein g first  hardl y grante d thi s cour t an y 
special status . The case reached th e cour t whe n i t did becaus e of th e size 
of th e appellat e docket , no t becaus e o f an y wisdo m o n th e par t o f 
anyone. Moreover , a  judge' s decisio n tha t a  certai n kin d o f evidenc e i s 
admissible does not resolv e an issu e in the way tha t a  scientific discover y 
does. I n ou r federa l system , othe r state s ca n tak e othe r view s an d a 
given cour t ca n eve n revers e itsel f i f relevan t valu e choice s o r socia l 
mores change . 

In fact, th e 198 8 Florida decisio n ha s been strongly criticized , particu -
larly o n th e ground s tha t th e cour t di d no t conside r thoroughl y enoug h 
the possibilit y o f laborator y error s o r th e chance s o f a  coincidenta l 
match.15 A  late r Ne w Yor k decisio n tha t wa s mor e carefu l o n thes e 
points an d exclude d th e evidenc e befor e i t ha s bee n bette r received. 16 

The poin t i s no t tha t i t wa s a  mistak e t o admi t DN A evidence—a t 
present suc h evidenc e i s admissible i n mos t jurisdiction s i f i t i s carefull y 
obtained an d analyzed. 17 Th e poin t i s tha t th e first  judicia l decisio n i s 
often th e recipient o f potshots rathe r tha n praise . 

In the decade s followin g th e discover y o f th e doubl e helix , the mode l 
of inheritanc e tha t underlie s th e Huma n Genom e Initiativ e cam e int o 
sharp focus. 18 Th e ter m genome  i s used t o refe r t o al l th e geneti c mate -
rial i n th e chromosome s o f a  particula r organism . Eac h huma n ha s 
twenty-three pair s o f chromosomes ; on e i n eac h pai r fro m th e father , 
one from th e mother. Each chromosom e contain s a  long strand o f DNA , 
the chemica l tha t make s u p th e genes . Th e DN A i s a  two-strande d 
chemical polyme r wit h eac h stran d compose d o f fou r nucleotides : A 
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(adenine), G  (guanine) , C  (cytosine) , and T  (thymine) . DNA, a s Watso n 
and Cric k found , i s a double heli x i n tha t eac h nucleotid e o n on e stran d 
is precisel y paire d wit h anothe r nucleotid e o n th e othe r strand : A  wil l 
only bon d wit h T  an d G  wil l onl y bon d wit h C . During cel l division th e 
double heli x "unzips " an d eac h stran d ca n serv e a s a  templat e fo r th e 
creation o f a  complementar y strand . Becaus e o f th e specifi c bondin g 
between nucleotid e pairs , precis e replicatio n o f th e DN A i s assured , 
resulting in two perfect copies . 

A give n chromosom e contain s a n averag e o f abou t fou r thousan d 
genes wherea s a  give n gen e consist s o f anywher e fro m tw o thousan d t o 
two millio n nucleotid e pairs . Thus a  complete descriptio n o f th e huma n 
genome woul d contai n abou t thre e billio n nucleotid e pairs . I t woul d 
appear t o b e a  lon g list , filling over a  million page s i n a  book , mad e u p 
entirely o f the letter s A, T, G, and C . 

This lis t i s valuabl e becaus e gen e sequence s ar e consisten t withi n 
species. Thu s a  particula r gen e o n a  particula r huma n chromosom e 
controls the same trai t i n al l humans. In genetic terms we are more alik e 
than w e ar e different ; accordin g t o curren t estimates , th e DN A se -
quences fo r tw o randoml y selecte d individual s ar e likel y t o b e ove r 9 9 
percent identical—th e remainde r account s fo r th e geneti c differences 
between th e two. 19 Indeed , th e curren t belie f i s tha t huma n an d chim -
panzee sequences ar e about 9 8 percent identical. 20 

The Huma n Genom e Initiativ e i s no t goin g t o actuall y tak e a  singl e 
person an d lis t hi s o r he r thre e billio n nucleotid e pairs—i t will  instea d 
be a  composit e draw n fro m cel l line s o f peopl e aroun d th e worl d ove r 
several decades . Th e effort , whic h i s underwa y bu t will  requir e furthe r 
advances i n technolog y t o b e practical , i s expecte d t o cos t abou t $ 3 
billion ove r th e nex t te n years . The resul t wil l b e i n essenc e a  referenc e 
set, enabling , fo r example , comparisons t o b e drawn wit h peopl e suffer -
ing certain ailment s i n an effor t t o find a  genetic cause . 

The Political  History  of  the  Genome  Initiative 

It woul d b e har d t o imagin e a  mor e unitar y goa l tha n mappin g th e 
human genome . On e migh t expec t tha t her e a t leas t a  singl e federa l 
agency woul d d o th e job . Bu t fragmentation , no t unity , i s centra l t o 
American scienc e spending, and tha t truth hold s true here . 

The politica l histor y o f th e Huma n Genom e Initiativ e reveal s th e 
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strengths an d weaknesse s o f ou r decentralize d approac h t o governmen t 
science.21 A s earl y a s th e 1970 s ther e wer e discussion s concernin g 
whether i t woul d b e sensibl e t o ma p th e huma n genome . A t first,  th e 
federal governmen t di d no t sho w muc h interest . Thos e effort s tha t di d 
take plac e wer e foun d largel y i n th e privat e sector , particularl y a t th e 
philanthropic Howar d Hughe s Medica l Institute . 

In 1984 , however , th e Departmen t o f Energ y hel d a  conferenc e i n 
Alta, Utah , whic h bega n substantia l federa l involvement . A s a  successo r 
agency t o th e Atomi c Energ y Commission , th e Departmen t o f Energ y 
had a  specia l interes t i n th e effect s o f radiation . Th e Alt a meetin g fo -
cused o n whethe r advance s i n DN A researc h coul d improv e th e govern -
ment's abilit y t o detec t increase s i n mutation s amon g survivor s o f th e 
atomic bombing s o f Hiroshim a an d Nagasaki . Participant s i n th e meet -
ing discusse d th e possibilit y tha t a  referenc e sequenc e o f th e huma n 
genome coul d b e helpful i n thi s endeavor . B y the time o f a  198 6 confer -
ence i n Sant a Fe , Ne w Mexico , enthusias m fo r sequencin g th e genom e 
had grown ; shortl y thereafter , official s a t th e Departmen t o f Energ y 
reallocated a  fe w millio n dollar s o f previousl y appropriate d mone y t o 
begin th e Huma n Genom e Initiative . Suppor t wa s the n sough t an d wo n 
for congressiona l appropriation s t o kee p th e projec t going . Th e initia l 
reallocation wa s no t unusua l i n term s o f th e realit y o f ho w larg e agen -
cies, particularl y i n th e technica l field  o f scienc e spending , operat e and , 
as we have seen , i t i s not th e sor t o f decisio n typicall y subjec t t o judicia l 
oversight. 

As word sprea d i n the scientifi c communit y abou t th e Departmen t o f 
Energy effort , official s a t th e Nationa l Institute s o f Healt h inevitabl y 
became interested . Th e NIH , afte r all , i s th e leadin g supporte r o f bio -
medical researc h i n th e Unite d States , an d i t coul d se e implication s o f 
the genome initiative i n health area s fa r remove d fro m mutation s cause d 
by radiation . B y 1987 , NI H ha d create d it s ow n offic e o f genom e re -
search an d ha d begu n t o receive federa l funding . 

In it s early stages , both i n the Departmen t o f Energ y an d i n NIH, th e 
genome initiative was pushed b y research scientists . As one commentato r 
has noted : 

The history of the genome project make s i t clear that scientists played a  crucial 
role in starting it , and they were the sources to which policymaker s turned fo r 
advice alon g th e way . . .. A  few pivota l scientifi c figures—the  scientist s wh o 
took th e troubl e t o lear n abou t th e polic y proces s an d t o interac t wit h it — 
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clearly ha d enormou s influence . Watso n wa s preeminen t amon g these , bu t 
Hood, Gilbert, Bodmer, Baltimore, Berg, Dulbecco, Alberts, Cantor, Olson, and 
others had major effects a t critical junctures.22 

The attractio n o f scientist s t o th e genom e projec t stem s i n par t fro m 
adherence t o purel y scientifi c values . I f i t i s desirable, a s many scientist s 
believe, simply t o know a s much a s possible abou t th e way the world is , 
then knowin g th e geneti c makeu p o f human s i s a  worthy goal . There i s 
a kin d o f eleganc e i n a  finite  lis t o f fou r letter s i n variou s combination s 
representing th e complet e geneti c identit y o f th e huma n species . Surel y 
this help s explai n th e desir e o f man y scientist s t o ma p an d sequenc e th e 
entire huma n genome , eve n thoug h 9 0 percen t o f th e bas e pair s appea r 
to hav e n o geneti c functio n an d th e mone y use d i n thi s endeavo r coul d 
obviously b e used in other ways. 23 

Today th e Departmen t o f Energ y an d NI H coordinat e thei r genom e 
efforts, an d see k t o coordinat e a s wel l wit h effort s i n th e privat e secto r 
and overseas . Nonetheles s ther e i s unavoidabl e inefficienc y i n havin g 
two majo r agencie s workin g togethe r i n thi s fashion . Thi s i s mos t dra -
matically demonstrate d i n Congress . Because no on e agenc y (le t alone a 
Department o f Science ) run s th e genom e show , n o on e committe e ha s 
jurisdiction ove r authorizing the spending of the taxpayers' money. Thus 
in th e Hous e o f Representatives , authorizatio n fo r th e Departmen t o f 
Energy's genome program goes through the Science, Space, and Technol -
ogy Committee , whereas th e NIH seek s genome mone y fro m th e Labor , 
Health, Human Services , and Educatio n Committee . O n th e Senate side , 
things ar e n o bette r organized : th e Departmen t o f Energ y genom e proj -
ect answer s t o th e Energ y an d Natura l Resource s Committee , wherea s 
NIH genom e request s ar e analyze d b y th e Healt h an d Environmen t 
Committee. Indeed , eve n thi s catalogu e i s not exhaustive ; som e genom e 
money i s spen t b y stil l a  thir d federa l agency , th e Nationa l Scienc e 
Foundation, whic h answer s t o it s ow n patter n o f oversigh t o n Capito l 
Hill. 

To someon e ne w t o America n science , thi s approac h woul d see m a t 
least odd , an d almos t surel y controversial . Bu t her e a s in othe r area s o f 
science w e ar e comfortabl e wit h inefficienc y becaus e o f ou r fea r o f 
centralization. Differen t agencie s mean s differen t approaches , an d ne w 
technologies fo r analyzin g geneti c materia l will  hav e t o b e develope d i f 
the Huma n Genom e Initiativ e i s t o b e finished  withou t unreasonabl e 
expense. Moreover , disparat e fundin g source s provid e som e protectio n 
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against sudde n reduction s i n governmen t support . Thu s th e Congres -
sional Offic e o f Technolog y Assessmen t reject s eve n designatin g a  lea d 
agency for th e genome effort: "i f there were a single lead agency control -
ling genom e projects , th e choice s woul d b e limited , diminishin g th e 
pluralistic funding tha t ha s been a  mainstay o f American biology." 24 

And so the Human Genom e Initiative moves forward i n typical Amer -
ican fashion : i n an array o f agencie s the scientific community , motivate d 
in larg e par t b y th e etho s o f pur e science , shape s th e directio n o f re -
search. Supervisio n b y Congres s i s limited , an d contro l b y the judiciar y 
is essentially nonexistent . Th e resul t i s tha t th e Huma n Genom e Initia -
tive, like much o f America n science , lumbers forwar d a  bi t slowl y bu t i t 
does kee p moving ; indeed , i t become s clos e t o unstoppabl e onc e i t i s 
fully underway . 

Big Science  versus  Little  Science  in  Genome  Research 

This accoun t shoul d no t b e take n t o sugges t tha t ther e ar e n o division s 
in the scientifi c communit y concernin g th e genome initiative . I n general , 
scientists suppor t larg e budgets fo r scientifi c researc h mor e or less across 
the board . Mos t woul d rathe r se e cuts i n nonscientifi c program s befor e 
cuts are made in science. This approach enable d the scientific communit y 
to remai n largel y unifie d concernin g federa l suppor t fo r researc h i n th e 
decades followin g Worl d Wa r II . But the budgetary pressure s tha t bega n 
to gro w i n th e 1980 s brough t increasin g pressur e o n scientist s t o pic k 
and choos e concernin g whic h project s the y woul d suppor t befor e Con -
gress. A  ke y even t i n thi s proces s wa s a  198 8 speec h b y Fran k Press , 
president o f th e Nationa l Academ y o f Science s an d forme r hea d o f th e 
Office o f Scienc e and Technology Policy , in which h e explicitly calle d o n 
scientists to provide guidance t o politicians on researc h prioritie s s o tha t 
important wor k coul d b e protected a s budgets tightened. 25 

It wa s i n thi s environmen t tha t th e Huma n Genom e Initiativ e bega n 
to tak e shape . Moreover , th e initiativ e wa s subjec t t o a  ver y specifi c 
complaint withi n th e scientifi c community—i t wa s sai d t o represen t 
"big science" over "littl e science," a criticism that requires a  bit of expla -
nation. 

Whereas scientifi c researc h ma y onc e hav e bee n largel y th e provinc e 
of th e individua l o r smal l teams , th e twentiet h centur y ha s see n th e 
growth o f activitie s (suc h a s th e Manhatta n Projec t an d th e spac e pro -
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gram) tha t involv e hundreds , eve n thousands , o f peopl e an d vas t sum s 
of money . Th e classi c descriptio n an d analysi s o f thi s tren d i s Little 
Science, Big  Science  b y Dere k J . d e Soll a Price. 26 O f course , ther e i s a 
continuum betwee n larg e an d smal l projects , an d ther e i s n o reaso n 
science program s o f variou s size s canno t b e simultaneousl y funded , a s 
indeed the y ar e today . Bu t a t th e extrem e end s o f th e spectrum , under -
taking one gigantic project ma y in reality foreclose fundin g fo r hundred s 
of smalle r researc h grants , whil e bestowin g mone y o n a  wid e arra y o f 
small researc h program s ma y mak e i t impossibl e t o undertak e on e o r 
more big ones. 

The littl e science , big science controvers y ha s bee n largel y fough t ou t 
within th e scientifi c communit y itself . Fro m th e beginning , th e Huma n 
Genome Initiativ e ha s bee n attacke d b y som e scientists , particularl y 
younger ones , a s a  misguide d intrusio n o f bi g scienc e int o biomedica l 
research, a  field  tha t ha s bee n characterize d b y smal l initiative s headin g 
in many directions. 27 

A ke y supporte r o f thes e concern s i n th e earl y day s o f th e initiativ e 
was Ruth Kirschstein , directo r o f the National Institut e of Genera l Med -
ical Sciences , a  branc h o f th e Nationa l Institute s o f Healt h an d th e 
largest sourc e o f fund s i n th e worl d fo r small-scal e geneti c research. 28 

But the initiativ e wa s no t sidetracke d b y these concerns , in par t becaus e 
of th e importan t scientist s wh o supporte d it , an d i n par t becaus e i t wa s 
not bi g scienc e i n th e sam e wa y a s th e superconductin g supercollider . 
The initiativ e i s a  centralize d effort , bu t i t i s carrie d ou t i n numerou s 
laboratories aroun d th e country . Moreover , i t involves th e developmen t 
of automate d technologie s fo r mappin g th e gen e an d o f computerize d 
approaches t o informatio n problems , bot h o f whic h ar e technique s o f 
broad valu e t o biologist s doin g other , smalle r scal e researc h jobs. 29 I n 
the end , th e argument s fo r th e initiativ e carrie d th e da y withi n th e 
scientific community ; indeed , th e initiativ e ultimatel y wo n th e publi c 
support o f Rut h Kirschstein. 30 

So th e scientifi c community , a s i s typical , calle d th e shot s i n th e 
formation an d executio n o f thi s majo r researc h effort . O f course , a 
continued refrai n tha t helped keep the genome initiative politically palat -
able wa s th e promis e o f a  payof f dow n th e road , i n particula r a n 
"immense benefi t t o th e field  o f medicine." 31 Suc h claim s ar e certainl y 
plausible. But , a s always , thes e payoff s will  b e slowe r i n comin g an d 
more piecemea l tha n i t appear s whe n th e basi c researc h i s underway , 
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because i t i s her e tha t th e regulator y ga p inevitabl y come s in . Whe n 
science lead s t o technology—whe n biomedica l researc h lead s t o medi -
cine—the roa d i s not smooth . I n the case of th e Human Genom e Initia -
tive, th e medica l payoff s wil l b e slo w i n comin g an d controversial , an d 
even th e increase s i n ou r knowledg e abou t ourselve s will  lea d t o prob -
lems concerning personal privacy . 

Science Counselors  at  Work 

Before turnin g t o thes e difficulties , however , i t mus t b e note d tha t th e 
gap between scienc e and socia l impac t has been narrowed i n the genetics 
area, a t leas t a s compare d wit h ou r experienc e wit h nuclea r power . 
Indeed, th e nuclea r experienc e mad e a  difference . I n th e earl y 1970s , 
before ther e was any Human Genom e Initiative , DNA researcher s bega n 
to work i n th e relate d are a o f recombination . Scientist s bega n t o under -
stand tha t the y coul d alte r geneti c materia l an d creat e ne w biologica l 
entities. These scientist s themselves sa w th e possibility no t onl y of bette r 
medicines o r crops , bu t o f ne w disease s an d ne w threat s t o th e publi c 
safety. On e reaso n the y ha d thi s leve l o f concer n wa s thei r sens e tha t 
they wer e workin g i n th e shado w o f nuclea r powe r an d nuclea r bombs . 
Thus a s early as 197 1 cancer researche r Rober t Pollac k believe d tha t la x 
safety standard s i n laboratories doin g recombinan t DN A researc h pose d 
a "  'pre-Hiroshim a condition—I t woul d b e a  rea l disaste r i f on e o f th e 
agents no w bein g handle d i n researc h shoul d i n fac t b e a  rea l huma n 
cancer agent. ' " 3 2 I n 1974 , futur e Nobe l laureat e Davi d Baltimor e ex -
plained hi s concern s abou t biohazard s b y notin g tha t "w e al l gre w u p 
with th e questio n o f th e correctnes s o f usin g the atomi c bom b a s one of 
the grea t mora l dilemma s o f th e secon d par t o f th e twentiet h century . 
And I  don't thin k tha t an y o f u s are untouched b y that." 33 

The analog y betwee n atomi c bomb s an d recombinan t DN A i s hardly 
precise. The first  involved a  conscious decision b y government an d scien -
tific leader s t o buil d a  weapon o f war , an d a  subsequent decisio n b y th e 
president t o us e tha t weapon . B y contrast , th e mai n earl y concer n wit h 
genetic engineering was that a n acciden t migh t lead to tragedy; althoug h 
recombinant DN A researc h presumabl y coul d b e use d i n warfare , tha t 
was no t the concern Pollac k an d Baltimor e were addressing . 

In a  large r sense , however , th e nuclea r experienc e wa s relevant . I t 
pointed u p th e inevitabl e socia l consequence s whe n scienc e become s 
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technology an d i t dramatize d th e way s i n whic h thos e consequence s 
could b e negative. Moreover, th e debate over the civilian use s of nuclea r 
power, a  debat e tha t ha d alread y begu n b y th e 1970s , mad e clea r t o 
many scientist s an d other s tha t weapon s wer e no t th e onl y unwelcom e 
consequence of science . 

In th e recombinan t DN A field  thes e heightene d concern s ha d rea l 
results. For abou t seve n month s i n 197 4 an d 1975 , scientists themselve s 
observed a n internationa l moratoriu m o n certai n DN A research. 34 Sub -
sequently, th e scientifi c communit y drafte d voluntar y researc h safet y 
guidelines tha t becam e th e basi s o f late r governmen t regulations. 35 In 
helping t o shap e th e restriction s unde r whic h thei r ow n researc h woul d 
take place , scientist s acte d a s scienc e counselors , shorin g u p publi c ac -
ceptance of thei r work an d attempting to pave the way for greate r publi c 
use of technology . 

And thi s i s th e wa y i t wil l b e fo r geneti c engineerin g fro m no w on . 
Not a  moratoriu m b y an y means , bu t a  length y back-and-fort h proces s 
in the agencies , courts, and legislature s a s the new technology simultane -
ously adjust s t o and alter s existing rights and values . The resul t has been 
a smal l bu t growin g industr y buil t o n th e result s o f DN A research ; a 
promising field for som e investors, but no t an instantaneous boo m stem -
ming directly fro m th e work o f Watson an d Crick. 36 

Science counselor s hav e bee n a t wor k a s wel l wit h th e Huma n Ge -
nome Initiative , an d thus , her e too , w e ca n expec t stead y i f relativel y 
undramatic commercia l progress . I n 198 9 th e governmen t create d a 
working grou p o f scientist s an d other s o n th e ethical , legal , an d socia l 
issues related t o the initiative, and the government ha s continued t o fun d 
conferences an d studie s undertake n b y thi s group. 37 Thes e endeavor s 
have undoubtedl y illuminate d th e futur e t o som e extent . Bu t eve n ad -
vance warnin g canno t mak e th e roa d ahea d completel y smooth , a s th e 
following surve y of issues identified b y the working group makes clear. 38 

The Regulatory  Issues  Ahead:  Gene  Therapy  and  Privacy 

Consider first  th e matte r o f gen e therapy , th e mos t highl y publicize d 
benefit fro m compilin g geneti c information . A s ou r knowledg e o f th e 
human genom e ha s increased, ther e have been discoveries relating to th e 
genetic basi s o f disorder s suc h a s cysti c fibrosis,  Huntington' s disease , 
and amyotrophi c latera l sclerosi s (Lo u Gehrig' s disease) . These discover -
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ies ar e generall y accompanie d b y th e statemen t tha t geneti c engineerin g 
may someda y lea d t o therapies , eithe r fo r th e affecte d individua l o r fo r 
that person' s offspring. 39 Bu t th e ke y wor d her e i s "someday. " Ou r 
actual experienc e wit h gen e therap y suggest s tha t patienc e shoul d b e 
the watchword . 

The ke y figure  i n th e first  us e o f huma n gen e therap y wa s Dr . W . 
French Anderson , who conceptualized an d brought int o play a treatmen t 
at th e Nationa l Institute s o f Healt h fo r tw o childre n wit h sever e com -
bined immunodeficienc y (SOD). 40 Peopl e wit h SCI D ar e bor n wit h a 
genetic defec t tha t destroy s thei r immun e system s an d leave s the m vul -
nerable t o countles s infections . A t on e time , SCI D victim s wer e pu t i n 
plastic bubble s t o protec t the m fro m th e worl d aroun d them ; mor e 
recently, drug s an d othe r treatment s provide d som e relief . Dr . Ander -
son's approac h involve d removin g bloo d cell s fro m th e victims , usin g 
retroviruses t o inser t norma l gene s int o them , cultivatin g th e repaire d 
cells and the n reintroducin g the m int o the body . 

This procedur e avoide d th e mos t controversia l applicatio n o f gen e 
therapy becaus e i t di d no t involv e th e patient' s germlin e cells ; i n othe r 
words, th e change s i n th e patien t woul d no t b e passe d o n t o children . 
Still, whe n th e proposa l wa s formall y pu t forwar d i n 1990 , i t ha d t o 
undergo a n arduou s proces s o f review . Ther e was , afte r all , th e back -
ground debat e ove r geneti c engineering le d b y Jeremy Ri f kin, a s wel l a s 
the ordinar y concern s abou t th e risk s o f a  new treatment . Th e proposa l 
had t o b e approve d b y th e Recombinan t DN A Advisor y Committe e o f 
the Nationa l Institute s o f Health , a s wel l a s b y th e Foo d an d Dru g 
Administration. Dr . Anderson' s tes t receive d approva l an d ha s pro -
ceeded wit h encouragin g results . Othe r proposal s hav e sinc e receive d 
approval fro m th e same federa l agencies . 

Thus th e curren t situatio n wit h gen e therap y i s one wher e a  cautiou s 
case-by-case approac h i s i n plac e fo r a  lis t o f geneti c ailments . A s th e 
Human Genom e Initiativ e move s forward , ne w informatio n will  b e 
gained tha t wil l increas e th e lis t o f potentia l defect s subjec t t o gen e 
therapy. Bu t a s Dr. Anderson himsel f ha s explained, thi s type of therap y 
as presentl y practice d wil l hardl y revolutioniz e moder n medicine—i t 
simply i s too cumbersome t o reach fa r int o the lives of mos t people : 

How much impact will gene therapy have on medical practice in the future? No t 
a great deal so long as the technique is carried out as it is today, where cells are 
removed fro m patient , the desired gene is inserted, and the gene-corrected cell s 
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are returne d t o th e patient . Thi s procedur e i s to o dependen t o n specialize d 
technologies, i s to o expensive , an d require s to o muc h scientifi c an d medica l 
expertise t o b e use d extensivel y excep t i n majo r medica l centers . . . . [G]en e 
therapy wil l be applied to a broad rang e of diseases over the next several years, 
but onl y thousands , no t millions , o f patient s ar e treatabl e b y curren t tech -
niques.41 

Dr. Anderso n speculate s tha t gen e therap y will  becom e mor e wide -
spread whe n w e develop a  way to injec t vector s that wil l repair cell s into 
patients jus t as drugs lik e insulin ar e injected now , although h e cautions , 
as a  scienc e counselo r should , tha t "[ajlthoug h th e medica l potentia l i s 
bright, the possibility fo r misus e of genetic engineering technology loom s 
large, s o societ y mus t ensur e tha t gen e therap y i s use d onl y fo r th e 
treatment o f disease." 42 Thu s gen e therap y will  mov e forwar d slowly , 
given no t onl y th e comple x technolog y involved , bu t th e absenc e o f a 
societal consensu s o n wha t need s to b e repaired. Huntington' s diseas e i s 
an easy case , but extreme lack o f height , fo r example , is not . 

But wha t abou t th e benefit s th e Huma n Genom e Initiativ e wil l brin g 
apart fro m therapy ? Surel y ther e i s much t o b e gaine d i n simpl y know -
ing one' s ow n geneti c code , completel y apar t fro m th e questio n o f 
changing tha t code . The initiative holds ou t the possibility tha t someda y 
individuals will  b e abl e t o find  ou t thei r ow n susceptibilit y an d tha t 
of thei r childre n no t onl y t o ailment s lik e cysti c fibrosis,  bu t t o syn -
dromes lik e heart diseas e and certai n type s of cancer . Even i f we assum e 
there ar e environmenta l component s t o thes e illnesses , an d eve n i f w e 
assume ther e i s n o magi c geneti c therapy , surel y peopl e woul d wan t t o 
know wha t the y ar e facin g s o they can , t o th e exten t possible , take pre -
cautions. 

Actually, w e alread y hav e evidenc e tha t man y peopl e simpl y wil l no t 
want t o know . Conside r th e cas e o f Huntington' s disease , a  geneti c 
condition fo r which the symptoms do not become visible until the carrie r 
reaches middl e age . The symptom s ar e devastating , includin g dementia , 
a sever e los s o f physica l contro l ove r oneself , an d a  wastin g awa y a s 
dramatic a s tha t cause d b y cancer. 43 A t present , wit h Huntington' s 
disease bein g detectabl e bu t no t treatable , ove r hal f o f th e at-ris k adult s 
advised o f th e tes t fo r it s presenc e declin e t o tak e it. 44 Moreover , mos t 
geneticists will  no t tes t children a t al l for thi s ailment , given the possibil -
ity that the child, when grown, may not wish to know.45 I n general, with 
a variet y o f geneti c ailments , researcher s hav e foun d tha t revealin g th e 
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existence of th e ailmen t ca n caus e anxiety , depression, an d a  feeling tha t 
one has been stigmatized. 46 

Even thos e individual s wh o wan t t o kno w al l the y ca n abou t thei r 
own healt h prospect s ma y hesitat e befor e undergoin g geneti c screening . 
The reasons ar e not har d t o fathom . Firs t o f all , if your geneti c informa -
tion i s knowable , insuranc e companie s will  wan t t o kno w it . The y wil l 
want to charge higher premiums fo r thos e likely to get heart attacks tha n 
for thos e wh o ar e no t predispose d t o hear t disease . Mos t importantly , 
insurance companie s wil l no t wan t t o sel l thei r produc t a t al l t o peopl e 
who kno w a  lo t mor e tha n the y d o abou t thei r odd s o f gettin g sick . 
Insurance compan y representative s hav e quit e predictabl y an d quit e ap -
propriately bee n involve d i n th e discussion s t o dat e o f th e initiative . 
They an d other s hav e alread y begu n t o debat e whethe r geneti c testin g 
should b e required , allowed , o r forbidde n i n th e insuranc e worl d an d 
how al l of these issues intersect with questions relating to national healt h 
insurance. N o on e ca n presentl y predic t th e outcom e o f an y o f this , bu t 
clearly ther e ar e importan t reason s wh y societ y ma y wan t t o g o slowl y 
in gathering and disseminatin g genetic information . 

And insuranc e issue s ar e smal l compare d t o thos e surroundin g em -
ployment. Shoul d a n airlin e b e abl e t o loo k a t th e geneti c profil e o f a 
potential pilot ? Wha t abou t a  schoo l boar d intereste d i n whethe r a 
prospective teache r i s likel y t o contrac t cance r i n th e nex t te n years ? 
Here notion s o f individua l privac y an d autonom y will  militat e strongl y 
against those seekin g to gain geneti c information abou t others . Workin g 
out th e appropriat e boundarie s wil l tak e decade s o f legislatio n an d 
litigation. I n th e meantime , th e safes t cours e fo r man y individual s wil l 
be to avoid obtainin g information abou t themselves . 

So th e practica l impac t o f th e Huma n Genom e Initiative—th e tech -
nology tha t flow s fro m it—wil l no t quickl y reshap e society . Gene thera -
pies for disease s are likel y t o remai n rar e fo r decades , and thos e tha t ar e 
proposed wil l hav e to underg o year s o f testin g an d regulator y approval s 
before use . The initiativ e wil l yiel d informatio n tha t ca n lea d t o predic -
tions o f diseas e i f no t cure s fo r man y individuals , an d thi s informatio n 
will hav e a n impac t whe n peopl e pla n thei r career s an d thei r childbear -
ing decisions . Bu t eve n her e concern s abou t insuranc e an d employmen t 
will retar d th e acquisitio n an d disseminatio n o f informatio n a s ou r 
legal cultur e slowl y work s ou t a n accommodatio n betwee n privac y an d 
efficiency concerns . 
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Determinism and  Human  Values 

Yet th e Huma n Genom e Initiativ e alread y ha s ha d a n impac t o n ou r 
society. Fo r i f th e regulator y ga p mean s a  dela y i n technology , th e roa d 
between basi c researc h an d th e formatio n o f value s remain s wid e open . 
Stressing th e mos t dramati c implication s o f basi c researc h serve s th e 
funding goal s o f scienc e administrator s an d th e professiona l norm s o f 
popular journalists . Thu s th e mainstrea m medi a hav e alread y see n th e 
initiative a s openin g u p th e possibilitie s o f th e mos t dramati c sor t o f 
manipulation o f huma n nature . Time  magazin e headlined a  story on th e 
initiative, "Seekin g a  Godlik e Power : Scienc e Promise s t o Delive r th e 
Blueprint fo r Huma n Life." 47 Th e stor y referre d t o geneti c technolog y 
as giving humankind th e "awesom e ability, " indeed , the "almos t godlik e 
power t o improv e it s condition." 48 In  anothe r story , Time  tol d u s tha t 
genetic researc h wil l giv e u s "th e geneti c too l ki t fo r buildin g suc h 
intellectual trait s a s musica l talent , mathematica l geniu s and , abov e all , 
personality."49 A  book reviewe r i n Fortune  magazin e wa s n o les s mod -
est: "I n essence , geneti c engineerin g will  mak e humanit y mutable . .  . . 
Our great-grandchildre n ma y b e mor e lik e designe d artifact s tha n ran -
dom geneti c mixes like ourselves." 50 

There ar e more tha n a  few problem s wit h thes e formulations ; indee d 
most geneticist s recoi l fro m th e simplisti c determinis m tha t underlie s 
these ideas. 51 Even th e terminology i s misleading, because mos t popula r 
accounts see m t o assum e there wil l b e " a gene " fo r som e trait , when , i n 
fact, monogeni c disorder s ar e rare—mos t commo n geneti c disorder s 
involve the interaction o f several genes, often gene s on differen t chromo -
somes. More importantly , most traits, whether monogeni c or multigenic , 
are shape d b y bot h heredit y an d environment . Eve n whe n Mende l bre d 
tall pea s wit h tall , th e offsprin g woul d no t d o ver y wel l i f the y wer e 
tossed i n vat s o f acid . Al l w e ca n typicall y sa y i s tha t certai n trait s ar e 
likely t o b e inherite d i n a n appropriat e environment . Mos t huma n dis -
eases are genetically linked onl y in the sense that genes make us more o r 
less susceptible to them; whether we actually get them depend s on a  hos t 
of environmenta l factors . That i s why the periodic discoveries of a  "gen e 
for alcoholism " ar e misleading ; som e geneti c factor s ma y explai n wh y 
some peopl e drin k to o much , bu t man y othe r factors , includin g every -
thing fro m famil y structur e t o religiou s practice , play a  role in countles s 
cases.52 Thi s i s al l th e mor e tru e wit h personalit y traits , no t t o mentio n 
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complex idea s lik e "intelligence. " On e grou p o f scientist s an d poli -
cymakers conclude d tha t "[t]h e numbe r o f combination s tha t 100,00 0 
genes ca n for m interactin g wit h on e anothe r an d wit h th e environmen t 
is essentiall y infinite , s o w e d o no t no w forese e [th e Huma n Genom e 
Initiative], a t an y rate , leadin g t o fundamenta l change s i n wha t w e 
regard a s the nature o f the self." 53 

The notion tha t ou r knowledge o f the gene can lead to " a geneti c too l 
kit" t o remak e humanit y enjoy s currenc y i n par t becaus e i t play s int o 
deep-seated America n idea s abou t th e inevitabilit y an d desirabilit y o f 
progress—ideas tha t closel y fit  wit h scientifi c norms . American s hav e 
always tende d t o believ e tha t ou r conditio n ca n b e bettered , includin g 
the condition o f ourselves. In an earlie r era improving the human specie s 
was calle d eugenics , a n ide a wit h considerabl e influenc e i n thi s coun -
try.54 Indeed, i t is precisely the science counselors involved in the Huma n 
Genome Initiativ e wh o ar e tryin g t o perfor m th e importan t functio n o f 
calming dow n publi c expectation s abou t wha t genetic s ca n d o an d o f 
pointing u p som e o f th e danger s i n pushin g geneti c capabilitie s t o thei r 
limits. Afte r all , eve n i f a  trai t i s controllabl e b y geneti c manipulation , 
that hardl y mean s i t shoul d b e s o controlled . Curin g Huntington' s dis -
ease is one thing ; "curing " "shortness " i s another. A s one commentato r 
put it , a "counterattac k o f technically knowledgeable " voice s has tende d 
to subdue "th e new eugenics." 55 

Finally, a t th e deepes t level , the publi c debat e abou t geneti c explana -
tions o f huma n natur e reflect s th e extraordinar y impac t o f scientifi c 
models on th e formation o f ou r values . Keep in mind that , for many , the 
"moderate" positio n i s to tempe r geneti c theorie s wit h a  recognitio n o f 
the importanc e o f th e environmenta l facto r i n huma n behavior . Bu t 
even t o accep t a  comple x interactio n o f environmen t an d gene s a s a n 
explanation o f wha t i t i s to b e human i s to accep t wha t remain s deepl y 
problematic fro m nonscientifi c perspectives . Attributin g behavio r t o 
genes plu s environmen t i s stil l inherentl y deterministic . I t ma y mak e 
human behavio r har d t o predict , i t ma y mea n tha t certai n behavio r 
can onl y b e explaine d probabilisticall y o r a s th e resul t o f chance , 
but i t mean s tha t fre e choic e i s ou t o f th e picture . Fo r th e wor k o f 
scientists that i s certainly understandable , an d tha t work ha s illuminate d 
human action s alon g wit h th e action s o f planet s an d electrons . Bu t fo r 
humans th e possibilit y o f fre e will  remains , an d th e relate d idea s o f 
responsibility, praise , an d blam e remai n a s well . Th e publi c discours e 
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about wha t i t i s t o b e huma n shoul d no t b e restricte d t o th e scientifi c 
world view . 

From a  philosophical perspective , the Human Genom e Initiativ e add s 
little i f anythin g t o th e age-ol d debat e abou t fre e wil l an d determinism . 
It ha s alway s bee n possibl e t o imagin e physica l cause s fo r huma n ac -
tions, an d i t ha s alway s bee n possibl e t o argu e tha t nonetheles s ou r 
sensations o f freedo m an d choic e ar e rea l an d meaningful . Determinist s 
have ha d thei r champions , fro m Hobbe s t o Hume , a s hav e th e oppo -
nents o f determinism , fro m Aquina s t o Kan t t o th e present. 56 Lon g 
before th e Huma n Genom e Initiative , th e determinis t Rober t Feare y 
argued tha t "[m]an' s variegate d characte r an d wid e capacitie s hav e 
blinded u s t o th e fac t tha t h e i s i n fac t a s passiv e t o hi s creatio n an d 
development, an d henc e a s unaccountabl e fo r hi s actions , a s a n inani -
mate machine." 57 Lon g afte r th e implication s o f moder n genetic s be -
came clear , a  secular philosopher , Stuar t Hampshire , argue d tha t "[o]n e 
may sa y tha t th e sens e o f freedo m tha t me n undoubtedl y hav e i s t o b e 
identified wit h thei r powe r o f reflectio n an d wit h th e self-modifyin g 
power o f thought . Th e intuitio n tha t whe n w e ar e thinking o f ourselve s 
as thinkin g beings , w e ar e excludin g deterministi c explanation s o f ou r 
performances, ca n b e justified , s o fa r a t least." 58 An d thes e hardl y 
exhaust th e position s o f wha t remain s a  livel y are a o f philosophica l 
debate. Theologica l scholar s continu e t o analyz e th e idea s o f freedo m 
and responsibility , wit h som e contending , fo r example , that Christianit y 
holds a n individua l "responsibl e fo r hi s action s no t onl y t o secula r 
authorities an d hi s fellowman , bu t als o t o God," 59 wherea s a  secula r 
school o f though t calle d compatibilism maintain s tha t deterministi c cau -
sation i s no t incompatibl e wit h idea s o f responsibility . A s Michae l 
Moore ha s argued , whe n yo u sho w tha t glacier s cause d Lak e Michigan , 
you ar e not showin g tha t Lak e Michigan doe s not exist. 60 

Our publi c consideration o f who we are as humans shoul d b e open t o 
purely scientifi c perspectives , but i t should no t an d i t need no t be limited 
to thos e perspectives . Nothin g i n th e substanc e o f th e Huma n Genom e 
Initiative o r i n the structur e o f America n la w i s to th e contrary . There i s 
nothing i n ou r ba n o n establishe d religio n o r i n ou r settle d tradition s 
that prevent s discussio n o f th e secula r an d theologica l dimension s o f th e 
issue of fre e wil l in our classroom s a s well a s in our media . The pathwa y 
for scientifi c influenc e o n ou r valu e formatio n i s wid e open , bu t th e 
pathway fo r othe r influence s ca n b e just as inviting . 
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Nuclear Fusion : Boundles s 
Optimism an d Limite d Energ y 

The fron t pag e o f th e Washington  Post  trumpets , "U.S . Makes Majo r 
Advance i n Nuclear Fusion, " wit h th e first  paragraph quotin g a  govern -
ment exper t sayin g thi s "coul d lea d t o th e productio n o f th e first  prac -
tical workin g fusio n reactors." 1 Thi s wa s no t a  referenc e t o th e 
short-lived hop e fo r "col d fusion, " bu t rathe r t o th e long-standin g bil -
lion-dollar governmen t projec t t o tame the power o f the sun fo r peaceful 
use. But thi s headlin e appeare d i n 1978 , and "workin g fusio n reactors " 
remain decades away . 

The Washington  Post  stor y wa s neithe r th e first  nor th e las t time tha t 
breakthroughs hav e been breathlessly announce d i n the effort t o produc e 
energy fo r electricit y b y the same process used i n the hydrogen bomb . In 
the lat e 1950 s newspaper s i n Grea t Britai n wrot e abou t earl y fusio n 
research wit h th e implicatio n tha t reactor s woul d soo n b e on-line. 2 I n 
1992, the chair of the House Committee on Science , Space, and Technol -
ogy spok e o f a  recen t "breakthrough " i n fusio n researc h whil e callin g 
for continue d America n fundin g o f th e fusio n program. 3 Al l o f thi s i n 
the fac e o f a  progra m tha t ha s ye t t o achiev e "breakeven" 4—the poin t 
where more energy come s out a  controlled reactio n tha n goe s in—and a 
program fo r whic h th e governmen t itsel f no w project s tha t commercia l 
reactors wil l no t go into operation befor e 2040. 5 

Clearly fusio n ha s promise . Onl y th e prospec t o f extraordinar y bene -
fits could sustai n enthusias m fo r a  program tha t ha s bee n underwa y fo r 
forty year s an d i s stil l mor e tha n fort y year s awa y fro m commercia l 
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reality. Th e read y availabilit y o f fue l an d th e possibilit y o f saf e an d 
environmentally soun d reactor s ha s convince d man y tha t fusio n coul d 
someday outperfor m no t only the nuclear fissio n proces s use d i n curren t 
reactors, but other source s of energy a s well. 

Fusion ma y someday play a  role in American energy supply, but thos e 
expecting miracle s wil l b e disappointed . Eve n fort y year s fro m now , 
there wil l b e n o magi c en d t o lega l an d economi c constraint s o n majo r 
sources of energy . In the meantime, fusion provide s an illuminating view 
of th e hazard s o f doin g bi g scienc e i n a  singl e agenc y an d o f th e pros -
pects fo r internationa l cooperation . An d i t illustrate s ho w eve n th e 
distant prospec t o f limitles s energ y ca n affec t ou r thinkin g abou t th e 
appropriate scal e for huma n technology . 

The Underlying  Science 

The basi c scienc e tha t underpin s nuclea r fusio n goe s bac k mor e tha n a 
hundred year s an d display s a  familia r patter n o f unpredictabl e twist s 
and turns. 6 Discussion s o f th e scienc e o f nuclea r powe r usuall y begi n 
with Alber t Einstein' s 190 7 assertio n that , i n theory , an y tin y bi t o f 
matter ca n b e converted int o a n enormou s amoun t o f energy . Althoug h 
the equatio n e  = mc2 represente d a  quantum lea p i n th e developmen t o f 
nuclear power, i t is arbitrary t o regard tha t formul a a s the first step. The 
idea tha t mas s contains energ y grew ou t o f Einstein' s 190 5 pape r o n th e 
theory o f specia l relativity , whic h i n tur n dre w i n par t o n th e wor k 
of th e nineteenth-centur y Scottis h physicis t Jame s Cler k Maxwell . Th e 
progressive natur e o f scienc e ensure s tha t eve n th e mos t astonishin g 
ideas hav e antecedent s an d eve n th e mos t ordinar y observation s ma y 
have surprisin g consequences . Neithe r Maxwel l no r Einstei n ha d th e 
slightest ide a whe n the y publishe d thei r wor k tha t i t woul d someda y 
lead to nuclear power . 

In th e twentiet h centur y th e practica l tas k o f liberatin g energ y fro m 
mass develope d alon g tw o lines , fission  an d fusion . I n 1938 , uraniu m 
atoms wer e spli t b y neutro n bombardment , a  proces s quickl y terme d 
nuclear fission.  Splittin g the ato m lef t les s mass tha n ha d existe d befor e 
the bombardment , th e remainde r havin g bee n give n of f a s energ y i n 
accordance wit h Einstein' s equation . Fissio n serve d a s th e sourc e o f 
power fo r th e atomi c bomb s droppe d o n Hiroshim a an d Nagasak i a s 
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well a s fo r th e civilia n nuclea r reactor s tha t no w provid e abou t 1 5 
percent of the electricity i n the United States . 

The theor y underlyin g nuclea r fusion , th e othe r lin e o f development , 
emerged befor e fission,  bu t it s practica l impac t appeare d later . A s earl y 
as 1927 , scientist s speculate d tha t stars , includin g ou r sun , wer e fuele d 
by th e forcin g together , o r fusing , o f tw o lightweigh t atom s an d thi s 
fusion diminishe d mas s an d release d energy , agai n i n accordanc e wit h 
Einstein's equation . The precise process tha t power s th e star s was deter -
mined b y Han s A . Bethe  i n th e lat e 1930s . Afte r Worl d Wa r II , th e 
United State s developed th e hydrogen bomb , which use s fusion t o creat e 
destructive capabilitie s fa r beyon d thos e o f th e fission-powered  atomi c 
bomb. 

In th e 1940s , man y scientist s realize d tha t fusion , lik e fission,  migh t 
be harnessed fo r civilia n use . The basi c metho d o f generatin g electricit y 
from fusio n parallel s tha t use d i n generatin g electricit y fro m fission, 
coal, or any other heat source. You begin by generating heat , which boil s 
water, thu s producin g stea m t o tur n turbine s tha t produc e electricity . 

Producing heat in a controlled manne r fro m fusio n i s terribly difficult . 
Because th e nucle i o f ligh t element s ar e positivel y charged , the y repe l 
each othe r electrically . I n th e enormou s gravit y o f th e sun , the nucle i o f 
hydrogen atom s ar e fuse d togethe r t o th e poin t tha t a  heavie r element , 
helium, i s forme d an d energ y i s released . O n earth , w e lac k th e sun' s 
gravity, s o scientist s nee d t o achiev e temperature s man y time s hotte r 
than th e sun's core while containing the colliding nuclei a t those temper -
atures fo r a  sufficien t lengt h o f tim e an d a t a  sufficien t densit y i n orde r 
for significan t amount s o f energ y t o b e give n off . Fusio n researcher s 
discovered i n th e 1950 s tha t forcin g hydroge n isotope s t o achiev e th e 
necessary temperature s o f ove r 10 0 millio n degree s Celsiu s an d th e 
necessary densities was even more difficult tha n expected . At the temper -
atures involved i n fusion, mos t atoms ar e stripped o f thei r electrons wit h 
the resul t tha t matte r become s a  mixtur e o f positivel y charge d nuclei , 
called ions , an d fre e electrons . Matte r i n thi s stat e i s know n a s plasm a 
and behave s differently  fro m solids , liquids , o r gases . A n enormou s 
amount o f basi c scientifi c researc h o n plasm a physic s ha s bee n an d 
remains necessary fo r determinin g ho w t o control a  fusion reaction . 

Research o n fusio n ha s bee n takin g plac e sinc e th e 1950 s i n th e 
United States , Europe , Russia , an d Japan . Som e o f th e mos t promisin g 
results t o dat e too k plac e i n lat e 199 1 whe n th e Join t Europea n Toru s 
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facility i n Grea t Britai n pu t ou t abou t tw o millio n watt s o f energy , an d 
in lat e 199 3 whe n a  Princeto n Universit y laborator y produce d ove r five 
million watts. 7 Thes e tests , however , laste d onl y a  fe w second s eac h 
and, mor e importantly , the y produce d les s energy tha n the y consumed. 8 

Clearly scientist s ar e stil l shor t o f th e "breakeven " point , wher e fusio n 
produces mor e energ y tha n i t use s up , an d the y ar e eve n furthe r awa y 
from makin g th e reaction s "self-sustaining, " i n othe r words , capabl e o f 
keeping themselves going while remaining under control. 9 

Obviously, controllin g fusio n i s a n extraordinar y undertaking—th e 
head o f th e America n progra m onc e describe d i t a s "probabl y th e mos t 
difficult technica l tas k tha t ha s eve r bee n attempted , ba r none." 10 Bu t 
the promis e a t th e en d o f th e roa d i s considerable . Th e mos t promisin g 
fuel fo r th e fusio n reactio n i s a  combinatio n o f tw o isotope s o f hydro -
gen: deuteriu m an d tritium . Deuteriu m occur s naturall y i n ordinar y 
water an d thus supplies are far mor e ample than fo r oi l and gas . Tritium, 
which i s radioactive, i s produced fro m lithium , anothe r readil y availabl e 
substance.11 Moreover , th e amount s o f deuteriu m an d tritiu m i n reac -
tors woul d b e s o smal l tha t a  malfunctio n woul d no t caus e a  majo r 
calamity. I f something wen t wrong , the plasma woul d strik e the walls of 
the containmen t vesse l an d quickl y coo l down. 12 Th e wast e disposa l 
problems als o see m les s dauntin g tha n wit h nuclea r fission.  Th e onl y 
radioactivity associate d wit h reacto r operatio n woul d com e fro m th e 
tritium an d fro m neutron s strikin g th e reacto r structure . Neithe r sourc e 
is expecte d t o b e a  majo r problem . Finally , lik e nuclea r fission,  fusio n 
involves no fossi l fuel s an d thu s no combustion product s tha t contribut e 
to global warming. 13 

The American  Fusion  Program 

Although i t i s no w see n a s a  civilia n energ y program , th e America n 
efforts t o contro l fusio n bega n i n secre t an d i n th e shado w o f Worl d 
War II. 14 Becaus e o f th e wartim e lin k betwee n nuclea r energ y an d na -
tional security , the Atomic Energy Act of 194 6 created a  nearly complet e 
government monopol y ove r nuclea r matter s an d se t u p a  ne w agency , 
the Atomi c Energ y Commission , wit h authorit y ove r bot h th e militar y 
and civilia n aspect s o f nuclea r power . I n 1951 , the commissio n create d 
Project Sherwood , a  secre t progra m unde r whic h laboratorie s aroun d 
the country took divers e approaches to the problem o f controlling fusio n 



NUCLEAR FUSIO N •  13 5 

reactions. In 1958 , the United States , the former Sovie t Union, and Grea t 
Britain simultaneousl y mad e thei r fusio n program s public . 

Today, th e America n fusio n progra m i s ru n b y th e Departmen t o f 
Energy, a successor agenc y to the Atomic Energy Commission . Althoug h 
a few other agencies play a  minor role , fusion i s for al l practical purpose s 
a Departmen t o f Energ y operation. 15 A t present , tha t operatio n i s 
funded a t a  level of abou t $30 0 millio n a  year. 16 

Science counselor s hav e becom e abundan t i n th e fusio n field , a s re -
searchers hav e sough t t o avoi d th e sor t o f overpromisin g tha t wa s s o 
costly t o nuclea r fission.  I t i s generall y politician s an d journalist s wh o 
talk repeatedl y o f fusio n breakthrough s an d o f solvin g the energy crises . 
Dr. Willia m Happer , Directo r o f th e Offic e o f Energ y Researc h i n th e 
Department o f Energy , speak s cautiousl y o f fusio n a s "a n important , 
long-range element o f the National Energ y Strategy" an d o f the need "t o 
improve th e environmenta l an d safet y characteristi c o f fusion." 17 Hi s 
most optimisti c goa l i s "having an operating demonstration powe r plan t 
by abou t 202 5 an d a n operatin g commercia l powe r plan t b y abou t 
2040." 1 8 

Even wit h th e appropriat e caution s o f scienc e counselors , th e regula -
tory ga p wil l b e a  dramatic on e i f nuclear fusio n eve r enter s the market -
place. Solvin g th e scientifi c problem s an d creatin g efficient , self-sus -
taining reaction s wil l b e a n impressiv e achievement , bu t i t wil l no t 
guarantee a n economically an d environmentall y soun d technology . 

Consider first  the costs of fusion energy . Every discussion o f this topi c 
begins b y notin g ho w inexpensiv e th e fue l will  b e fo r fusio n reactors . 
But fuel cost s are only a small part of the costs of generating electricity. 19 

The hig h capita l cost s o f buildin g fission  reactor s contribute d t o thei r 
decline, and fusio n wil l fac e a t leas t comparable problems . According t o 
Robert L . Par k o f th e America n Physica l Society , eve n i f "tritiu m wer e 
free an d w e coul d us e i t tomorro w th e capita l cost s o f a  fusio n reacto r 
would mak e i t financially  impossibl e to buil d i n the near future." 20 

Moreover, fusio n energ y doe s inevitabl y involv e radioactivity , an d 
thus som e publi c oppositio n i s likely . The radioactivit y proble m will  b e 
less tha n wit h fission,  an d th e ris k ma y i n an y even t b e fa r les s tha n 
numerous societa l risk s fro m nonradioactiv e sources . Bu t unles s atti -
tudes change, there wil l be public opposition o n thi s score. 

As note d earlier , radioactivit y will  b e create d b y tw o source s i n 
fusion reactors. 21 First , neutrons produced i n a fusion reactio n will  mak e 
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reactor component s radioactive . The exten t o f thi s problem wil l depen d 
on th e type of material s use d in the components. Second, the radioactiv e 
tritium use d a s fue l diffuse s throug h mos t metal s a t hig h temperatures . 
Even i f tritiu m wer e t o escape , i t i s les s hazardou s tha n th e radioactiv e 
materials use d i n fission  reactor s an d i t ha s a  half-lif e o f onl y twelv e 
years.22 Bu t peopl e d o no t necessaril y evaluat e radiatio n risk s i n tha t 
fashion. Th e publi c outcr y tha t followe d a n accidenta l 197 9 releas e o f 
tritium indicate s tha t man y peopl e fea r radioactivit y pe r se . An Arizon a 
plant mad e glow-in-th e dar k watche s an d self-illuminatin g signs ; whe n 
tritium leaked , demonstrator s carrie d sign s readin g "Tritiu m Spell s 
Death" an d th e state ultimately seize d the tritium hel d b y the plant.23 I n 
1992 an d 1993 , simila r publi c oppositio n t o tritiu m contaminatio n 
flared u p in South Carolin a an d Arizona. 24 

To scientists , thes e fear s ma y simpl y b e irrationa l an d thu s o f n o 
consequence. Bu t t o politicians , i f voter s ar e afraid , tha t fea r i n an d o f 
itself i s a reality tha t mus t b e dealt with. O f cours e public education an d 
discourse ca n chang e attitudes , bu t a t an y give n momen t publi c fear s 
are a n importan t elemen t i n th e rea l equatio n o f ho w publi c polic y 
is formulated . 

Alternative Approaches  to  Fusion 

Attention no w t o thes e economi c an d environmenta l factor s coul d nar -
row th e regulator y ga p i f fusio n eve r entere d th e commercia l world . 
There i s mor e tha n on e wa y t o buil d a  fusio n reactor , an d th e varyin g 
approaches ma y no t b e fungibl e fro m a  socia l poin t o f view . A  descrip -
tion o f magneti c confinemen t an d inertia l confinement—th e tw o basi c 
approaches currentl y unde r study—wil l demonstrat e som e o f th e 
choices no w bein g mad e an d th e difficultie s i n assurin g tha t socia l fac -
tors pla y a  rol e i n thos e choices . Magneti c an d inertia l confinemen t d o 
not exhaus t th e option s availabl e i n bringin g abou t controlle d fusion, 25 

but they illustrate the choices that li e ahead . 
In an y fusio n device , the key proble m i s to buil d a  container tha t ca n 

hold th e plasm a whe n i t i s a t temperature s o f literall y million s o f de -
grees. Magneti c confinemen t system s rel y o n th e fac t tha t th e plasm a 
consists o f charge d particle s tha t ca n b e containe d b y magneti c fields. 
This approac h date s al l the way bac k t o Projec t Sherwoo d i n 1951 . The 
most successfu l magneti c confinemen t system s t o dat e ar e th e Soviet -
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invented doughnut-shape d magneti c bottle s calle d tokamaks,  a  wor d 
that come s from th e Russian acrony m fo r torodia l magneti c chamber . 

The alternativ e approac h t o fusio n containment , on e tha t doe s no t 
use magneti c fields,  i s inertial  confinement.  Inertia l confinemen t date s 
back no t t o Projec t Sherwood , bu t t o th e 195 8 inventio n o f th e laser , a 
device tha t initiall y ha d nothin g t o d o wit h fusion . Laser s generat e 
powerful an d coheren t beam s o f ligh t tha t ca n b e focuse d o n a  spo t a 
few hundred-millionth s o f a n inc h wide . B y th e lat e 1960s , nuclea r 
scientists wer e theorizin g tha t a  lase r coul d creat e fusio n i n tin y pellet s 
of deuteriu m an d tritium . Thi s wor k ha d weapon s implication s an d 
much o f i t wa s classified . Bu t th e sam e principle s hav e give n ris e t o 
research o n civilia n energ y generation . Inertia l confinemen t devices  hav e 
been buil t i n whic h severa l lase r beam s ar e focused  fo r les s tha n a 
billionth o f a  second on microscopi c deuterium-tritium pellets . By crush-
ing the pelle t core , the intens e pressur e achieve s ver y hig h temperature s 
and densities . A s with magneti c confinement , fusio n ha s bee n achieved , 
but no t yet in an efficient manner . 

Lasers ar e no t th e onl y inertia l confinemen t system . I n suc h system s 
the pulse d energ y source , calle d th e driver , ca n b e heav y o r ligh t io n 
beams rather tha n lase r beams . 

The social consequences o f magneti c and inertia l confinemen t system s 
are no t identical . Neithe r i s clearly superio r an d i t i s difficul t t o projec t 
how eithe r woul d loo k i n actua l operatio n a s par t o f a n electri c utilit y 
grid. With tokamak s i t will be necessary t o maintai n th e large supercon -
ducting magnet s use d t o confin e th e plasma . Lasers , on th e othe r hand , 
have t o b e show n t o b e sufficientl y durabl e t o actuall y wor k o n a  day -
to-day basis . It seems likely that a  given tokamak reacto r would generat e 
more electricit y tha n a  singl e lase r system , s o dependin g o n one' s view s 
about centralizatio n o f energ y production , on e syste m migh t b e bette r 
than th e other . A s t o radioactivity , i t i s plausibl e tha t lase r system s 
would involv e smaller inventories o f tritium tha n tokamaks . 

In an idea l world , differen t fusio n system s would compet e s o that th e 
most sociall y desirabl e optio n woul d ultimatel y b e chosen . I t ma y eve n 
be tha t som e utilitie s woul d choos e magneti c confinemen t system s 
whereas other s would op t fo r inertia l confinement . Bu t the nature o f th e 
fusion researc h progra m make s i t unlikely tha t bot h technologie s will  b e 
available for publi c scrutiny . 

First o f all , fusio n researc h take s place , fo r al l practica l purposes , i n 
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one agency—th e Departmen t o f Energy . A s budget s hav e tightened , i t 
has becom e impossibl e t o fun d ever y avenu e o f research . Magneti c 
confinement ha s th e enormou s advantag e o f bein g close r t o demonstra -
ting breakeven , o r scientifi c feasibility—i n othe r words , gettin g ou t 
more energ y tha n yo u pu t i n will  probabl y happe n first  i n a  tokama k 
rather tha n a n inertia l confinemen t device . Thi s result , an d th e likel y 
follow-ups involvin g th e creatio n o f a  self-sustaining reaction , wil l hav e 
important scientifi c consequence s i n term s o f ou r understandin g o f 
plasma physics . I t i s unsurprising tha t scientist s wan t t o stres s th e mos t 
scientifically promisin g approach . 

At present , ove r 8 0 percen t o f th e roughl y $30 0 millio n spen t annu -
ally o n fusio n goe s t o magneti c confinemen t approaches. 26 Althoug h 
there wa s a  brie f perio d i n th e 1980 s whe n Departmen t o f Energ y 
officials trie d t o foste r mor e direc t competitio n betwee n magneti c an d 
inertial confinemen t systems , tha t ende d rathe r abruptly. 27 A t present , 
Energy Departmen t official s will  onl y asser t tha t commercializatio n o f 
inertial confinemen t i s a decade or two behin d magneti c systems. 28 

In practice , o f course , thi s mean s tha t i f societ y eve r judge s fusion , 
that judgmen t will  b e base d o n magneti c confinemen t systems . Th e 
enormous investment , bot h economi c an d political , necessar y t o brin g a 
new technology on-lin e has long-lasting consequences . The situation wil l 
be precisel y lik e tha t wit h nuclea r fission.  Ligh t wate r reactor s o f a 
particular desig n cam e on-lin e first  an d shape d publi c an d politica l 
attitudes towar d fission.  Th e fac t tha t man y believ e tha t alternativ e 
reactor design s availabl e toda y woul d b e superio r doe s no t mea n tha t 
those designs ar e immediately trie d out . Too man y people and to o man y 
utilities have soured o n fission  to give other approache s a  fair shot . Afte r 
decades pass , a  ne w styl e o f fission  reacto r ma y ge t a  hearing , bu t th e 
costs in the meantime wil l have been enormous . 

Thus fusio n face s th e possibilit y o f a  dramati c regulator y gap . O f 
course, i t i s possible tha t th e first  fusio n reacto r brough t on-lin e wil l b e 
the bes t possibl e fro m a  societa l poin t o f view . I t i s als o possibl e tha t 
inertial confinemen t systems , eve n i f the y ar e societall y desirable , ar e 
simply no t technicall y feasible . Bein g sociall y desirabl e doe s no t mak e 
something scientificall y possible . Bu t ther e i s th e ver y rea l chanc e tha t 
we will  mis s ou t o n sociall y promisin g an d scientificall y plausibl e ap -
proaches t o fusion becaus e they ar e not presently th e leading approache s 
in the Department o f Energy bureaucracy . 
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The scienc e counselor s a t wor k i n tha t bureaucrac y hav e mad e a 
difference. Ther e i s far mor e concern toda y wit h th e social consequence s 
of tokamak s tha n ther e eve r wa s wit h th e socia l consequence s o f ligh t 
water fission  reactor s i n th e 1950s . Bu t a  mor e thoroughgoin g infusio n 
of socia l value s i n th e researc h proces s i s no t likel y i n th e curren t 
bureaucratic environment . 

The National  Environmental  Policy  Act  and  Fusion  Research 

The current lega l regime is not structured t o pressure the science bureau -
cracy to conside r alternative s t o magneti c confinement mor e seriousl y a t 
an earlie r date . A s w e know , i t i s generall y th e cas e tha t court s exhibi t 
great deferenc e t o decision s b y the scienc e establishmen t i n th e researc h 
phase—it i s whe n technologie s com e on-lin e tha t lega l norm s com e t o 
predominate. Ther e i s on e statute , th e Nationa l Environmenta l Polic y 
Act (NEPA) , that , o n it s fac e an d i n it s conception , migh t hav e altere d 
this balanc e an d injecte d a  study o f alternative s mor e forcefull y int o th e 
current fusio n program . Bu t th e developmen t o f th e la w unde r NEP A 
demonstrates onc e again how th e views of the scientific communit y hol d 
sway in American research . 

The National Environmenta l Polic y Act , passed i n 1969 , requires tha t 
federal agencie s prepare environmental impac t statements fo r "proposal s 
for legislatio n an d othe r majo r federa l action s significantl y affectin g th e 
quality o f th e huma n environment." 29 Th e reference s t o "major " an d 
"significantly" hav e bee n rea d quit e broadl y b y th e courts , s o a n enor -
mous arra y o f federa l action s ar e subjec t t o th e statute ; a n earl y cas e 
held, fo r example , tha t buildin g a  jai l triggere d NEPA' s requirements. 30 

Moreover, NEP A require s tha t a n environmenta l impac t statemen t in -
clude an analysi s o f alternative s t o th e proposed actio n s o that compari -
sons can be made.31 

It i s unclea r whethe r Congres s intende d NEP A t o b e a  technolog y 
assessment statute. 32 The languag e i s sufficiently vagu e tha t i t has falle n 
to th e court s t o giv e conten t t o i t through litigation . I n term s o f scienc e 
policy, th e centra l issu e i s whether NEP A coul d b e interprete d t o mea n 
that th e government ha s to stud y th e environmenta l implication s o f an d 
the alternatives t o entire researc h programs , o r whether i t is sufficient t o 
do separat e an d discret e impac t statement s o n individua l facilitie s with -
out ever evaluating the overall program . 
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In th e contex t o f th e fusio n program , th e issu e play s ou t a s follows : 
When th e federa l governmen t build s o r license s a  particular tes t facility , 
it must do an impact statement o n that facility . Thus, for example , when 
the Departmen t o f Energ y funde d constructio n o f th e Tokama k Fusio n 
Test Reacto r i n Princeton , Ne w Jersey , i n th e 1970s , i t prepare d a 
statement analyzin g the effects o n th e loca l environment o f buildin g an d 
operating th e facility , includin g a  study o f radiatio n release s unde r nor -
mal condition s an d i n case of a n accident . Th e statemen t eve n discusse d 
how th e 78 0 peopl e employe d a t th e sit e woul d affec t loca l housin g 
conditions an d schoo l enrollment. 33 

What th e statemen t di d no t discuss , however , wa s th e overal l direc -
tion o f th e fusio n program . Th e Tokamak Fusio n Tes t Reacto r wa s jus t 
one par t o f a  tota l progra m tha t include d inertia l confinemen t fusion , 
albeit a t a  lower level than magneti c approaches. Should the Departmen t 
of Energ y eve r hav e t o prepar e a  programmati c environmenta l impac t 
statement fo r th e whol e fusio n program , a  statemen t tha t woul d con -
sider, fo r example , th e alternativ e o f givin g greate r emphasi s t o inertia l 
confinement approaches ? 

In th e earl y year s o f NEP A litigation , th e questio n o f whe n agencie s 
had t o d o programmati c impac t statement s wa s a  majo r issue . A t on e 
time, th e Cour t o f Appeal s decisio n i n Scientists'  Institute  for  Public 
Information, Inc.  v.  Atomic  Energy  Commission  (SIPI), 34 imposed seri -
ous dutie s o n agencie s i n thi s regard—dutie s tha t migh t hav e actuall y 
pushed agencie s t o a t leas t conside r issue s the y ten d t o side-ste p durin g 
research. The rise and fal l o f SIPI illustrates the limits of judicia l involve -
ment in basic science. 

In SIPI the U.S. Court o f Appeal s fo r th e Distric t o f Columbi a Circui t 
ordered th e Atomi c Energ y Commission , a  predecesso r o f th e Depart -
ment o f Energy , t o prepar e a n environmenta l impac t statemen t fo r th e 
breeder reacto r program . Th e breede r reactor—late r largel y aban -
doned—involved a  fission technology i n which th e reactor , during oper -
ation, bre d ne w fue l fo r othe r reactors . A t th e tim e o f SIP I th e breede r 
program wa s furthe r alon g tha n th e fusio n progra m i s today, bu t none -
theless it remained years away from havin g a direct impact on the public. 

When SIPI was decided, the commission ha d begun building a demon-
stration reacto r i t hoped t o hav e i n operation i n abou t seve n years , an d 
an impac t statemen t ha d bee n complete d fo r tha t reactor . Th e cour t 
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concluded tha t a t some point a n impac t statemen t woul d als o be neede d 
for th e entire breeder program; th e program cam e before Congres s every 
year as a "proposa l fo r legislation" i n the form o f appropriation request s 
and i t woul d inevitabl y affec t th e environmen t i n th e future . Fro m th e 
court's perspective , th e fundamenta l issu e wa s determinin g whe n th e 
statement fo r th e breede r progra m ha d t o b e prepared . Th e cour t thu s 
focused o n th e centra l dilemm a i n controllin g scientifi c research : a n 
impact statemen t a t th e beginnin g o f a  researc h progra m woul d b e 
meaningless, whereas a  statement on the eve of commercialization woul d 
be too late . The cour t quote d fro m th e tria l judge' s statemen t t o counse l 
in the SIPI litigation t o highlight the problem : 

I say this: I say there comes a time, we start out with E equals MC squared, we 
both agreed you don't have to have the impact statement then. Then there comes 
a time when ther e ar e a  thousand o f thes e breede r plant s i n existence al l over 
the country. 
Sometime before that , surely as anything under the present law, there has to be 
an impact statement, a long time before that, actually. 
But the question i s exactly wher e i n thi s chain d o we have to have an impac t 
statement.35 

To solv e thi s problem , th e Cour t o f Appeal s formulate d fou r factor s 
to be weighed i n determining when a  statement i s necessary: 

How likely is the technology to prove commercially feasible , and how soon will 
that occur? To what extent is meaningful informatio n presentl y available on the 
effects o f application o f the technology and of alternatives and their effects? T o 
what extent are irretrievable commitments being made and options precluded as 
the developmen t progra m progresses ? Ho w sever e wil l b e th e environmenta l 
effects i f the technology does prove commercially feasible? 36 

Applying these factors , th e cour t conclude d tha t a n impac t statemen t 
on the entire breeder program wa s necessary a t that time . 

The elements delineate d i n SIPI represent a  substantial effor t t o guid e 
the applicatio n o f NEP A t o researc h an d development . O f course , thi s 
particular formulatio n coul d b e challenged . Th e final  factor , fo r exam -
ple, i s phrase d i n a  seemingl y negativ e wa y ("Ho w sever e will  b e th e 
environmental effect s . . . ? " ) , lendin g credenc e t o th e notio n tha t tech -
nology assessmen t i s antitechnology . I t woul d b e eas y t o reformulat e 
this factor b y inquiring how substantia l th e positive or negative environ -
mental effect s will  b e i f a  technolog y doe s prov e commerciall y feasible . 
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There i s no reaso n earl y analysi s canno t provid e a  spu r t o certai n area s 
of scientifi c researc h tha t see m particularl y promisin g fro m a  socia l 
perspective. 

But, mor e importantly , SIP I represente d a  deviatio n fro m th e usua l 
laissez-faire attitud e o f th e court s an d th e lega l syste m t o basi c research . 
And becaus e o f th e broa d languag e o f NEPA , SIP I ha d th e potentia l t o 
alter th e statu s qu o i n a  wid e variet y o f areas . Bu t th e Suprem e Cour t 
put a n en d t o tha t possibilit y whe n i t rejected th e SIP I holding an d thu s 
brought NEP A int o conformanc e wit h th e law' s usua l approac h t o 
basic science. 

The relevan t cas e wa s Kleppe  v.  Sierra  Club, 2'7 whic h involve d th e 
Department o f Interior' s coa l leasin g progra m i n th e Norther n Grea t 
Plains region . I n Kleppe,  environmenta l group s brough t sui t agains t th e 
Department o f the Interior claimin g that a  comprehensive environmenta l 
impact statemen t wa s necessar y t o asses s th e government' s progra m o f 
issuing coa l leases , approvin g minin g plans , an d otherwis e licensin g 
private companie s an d publi c utilities to develop coa l reserve s on federa l 
land. The plaintiff s maintaine d tha t onl y b y looking a t the program a s a 
whole coul d seriou s environmenta l analysi s b e done . Th e Cour t o f Ap -
peals fo r th e Distric t o f Columbi a Circui t adapte d it s four-par t SIP I tes t 
to include all federal actions , not just technology development programs , 
and i t conclude d tha t enoug h informatio n wa s alread y availabl e o n th e 
overall progra m t o d o environmenta l analysi s an d tha t th e potentia l 
environmental effect s o f th e progra m wer e severe . Th e U.S . Suprem e 
Court, however , squarely rejecte d th e SIPI approach : 

The [appellate] Court's reasoning and action find no support in the language or 
legislative history of NEPA. The statute clearly states when an impact statement 
is required, and mentions nothing about a balancing of factors. Rather . . . under 
the first sentence of io2(2)(C ) the moment at which an agency must have a final 
statement ready "is the time at which it makes a recommendation or report on a 
proposal for federal action." 38 

The Suprem e Cour t di d recogniz e tha t i n som e circumstance s a  vari -
ety of agenc y action s migh t b e so closely connecte d t o eac h othe r tha t i t 
would b e irrationa l fo r a n agenc y t o den y tha t i t ha d mad e a  proposa l 
for a  broa d progra m an d thu s a n agenc y woul d hav e t o d o a  program -
matic environmenta l impac t statement . Bu t th e Cour t emphasize d tha t 
ordinarily th e questio n o f whethe r a n agenc y ha d t o do a  programmati c 
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statement wa s u p t o it , becaus e "[r]esolvin g thes e issue s require s a  hig h 
level of technica l expertis e an d i s properly lef t t o the informed discretio n 
of the responsibl e federa l agencies." 39 

Commentators swiftl y note d tha t Kleppe  weakene d NEPA' s abilit y t o 
inject environmenta l value s a t a n earl y poin t i n th e decision-makin g 
process.40 Subsequent case s in the basic research contex t have hammere d 
home th e poin t tha t i t i s now th e agency—not th e courts—that decide s 
when t o tak e a  broa d loo k a t th e implication s o f a  researc h program , 
and tha t agencie s rarel y ar e incline d t o d o that . I n Foundation  on 
Economic Trends  v.  Lyng, 41 th e plaintiff s wante d th e Departmen t o f 
Agriculture t o prepar e a  programmati c impac t statemen t o n agenc y 
efforts t o us e recombinan t DN A technique s t o enhanc e anima l produc -
tivity, bu t th e Cour t rejecte d th e claim , finding  tha t th e agenc y ha d 
discretion i n thi s are a an d th e plaintiff s wer e inappropriatel y usin g 
NEPA a s a  politica l weapo n t o tr y t o forc e th e Departmen t o f Agricul -
ture t o reevaluat e it s researc h priorities . I n a  simila r case , th e Cour t 
rejected effort s t o forc e th e Nationa l Institute s o f Healt h t o analyz e it s 
overall progra m o n th e releas e o f geneticall y engineere d organism s int o 
the environment. 42 

Finally, the Supreme Cour t ha s squarel y rejecte d a s well the alternat e 
theory unde r whic h th e Cour t o f Appeal s i n SIPI had impose d a  duty t o 
do a  broa d environmenta l study—i n Andrus  v.  Sierra  Club 43 th e Su -
preme Cour t hel d tha t Congres s di d no t inten d t o reac h throug h NEP A 
appropriation request s a s "proposal s fo r legislation " o r "proposal s fo r 
. .  . major Federa l actions. " 

The ne t effec t i s tha t court s will  no t b e i n a  positio n t o forc e th e 
Department o f Energ y t o d o a  programmati c environmenta l impac t 
statement o n th e nuclea r fusio n program . Whe n an d i f suc h a  statemen t 
is done i s almost entirely within th e control o f the agency, as is the scope 
of an y statement tha t migh t be prepared . 

Now NEP A i s simpl y a  statute , no t a  par t o f th e Constitution . Con -
gress could amen d i t to bot h requir e tha t agencie s d o impac t statement s 
when th e four-par t SIP I tes t i s me t an d t o empowe r court s t o engag e i n 
searching revie w o f whethe r agencie s ar e followin g tha t mandate . Bu t 
that i s no t goin g t o happen . Th e Suprem e Court' s rejectio n o f SIP I wa s 
hardly idiosyncratic . I t fits  wit h ou r overal l societa l judgmen t t o leav e 
policy decision s relatin g t o basi c researc h wit h th e scientist-dominate d 
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agencies tha t conduc t tha t research . Neithe r Congres s no r th e court s 
are likel y t o second-gues s th e poten t combinatio n o f bureaucrati c an d 
technical expertis e that a n agency represents . 

Funding Problems  for  Fusion 

So the Department o f Energy fusio n progra m plow s ahead wit h it s focu s 
on th e tokamak . Bu t freedo m fro m oversigh t o n tokamak s versu s laser s 
does no t translat e int o massiv e fundin g fo r th e program a s a  whole. O n 
the contrary , th e fusio n progra m ha s prove n t o b e enormously vulnera -
ble t o th e budgetar y constraint s tha t hav e marke d federa l polic y sinc e 
the earl y 1980s . The Departmen t o f Energy' s annua l fusio n budge t ha s 
dropped fro m ove r $50 0 millio n a  yea r i n 198 0 t o abou t $30 0 millio n 
at present , a  tremendou s cu t whe n inflatio n i s take n int o account. 44 A 
particularly tellin g blo w wa s struc k i n the early 1990 s when th e depart -
ment cancelle d plan s fo r th e $1. 8 billio n Burnin g Plasm a Experiment , 
which wa s to have been the next major ste p in the tokamak program. 45 

Several factor s hav e combined agains t fusion . Firs t of all , the promis e 
of distan t payoff s canno t b e sustained forever . Whe n a  researc h projec t 
seems alway s t o b e decade s awa y fro m commercialization , suppor t wil l 
erode. Ther e ar e benefit s t o pur e scienc e i n learnin g abou t fusion , bu t 
fusion ha s alway s presente d itsel f a s a n energ y progra m first  an d fore -
most. Som e observer s hav e argue d tha t becaus e i t i s so unlikely tha t w e 
could maintai n politica l suppor t fo r fusio n a t th e leve l an d fo r th e 
time necessar y t o produc e commercia l electricity , th e progra m shoul d 
be halted. 46 

Moreover, fusio n ha s al l o f it s egg s i n on e basket—th e Departmen t 
of Energy . Mos t America n scienc e i s sprea d aroun d amon g numerou s 
agencies, a prudent syste m i n times of tigh t budgets . This i s how scienc e 
spending generall y weathere d th e 1980s , whe n a  ris e i n defense-relate d 
research offse t decline s elsewhere . A s a  bi g scienc e projec t centere d i n 
one agency and i n a  few large facilities , fusio n als o has been cu t off fro m 
broader suppor t i n th e communit y o f universit y scientists. 47 I t run s 
the ris k o f congressiona l terminatio n i n a  singl e vote—th e fat e o f th e 
superconducting supercollider . 

Fusion's roug h roa d politicall y demonstrate s th e nee d t o refin e th e 
usual divisio n betwee n "bi g science " an d "littl e science. " Th e Huma n 
Genome Initiativ e i s big , i n th e sens e o f involvin g million s o f dollar s i n 
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the pursui t o f a  singl e goal , the mappin g o f th e human genome . But th e 
work i s spread amon g many universities , the funding come s from severa l 
agencies, an d a  variet y o f disciplines , includin g molecula r biolog y an d 
computer sciences , ar e involved . Fusio n i s big , bu t i t i s also monolithic . 
It has increasingly becom e a  single program i n a single agency emphasiz -
ing a single technology. As such i t is a sitting duck fo r budge t cutters . 

The reactio n o f th e fusio n communit y t o thes e fiscal  problem s ha s 
been dramatic . The major focu s o f the program ha s shifted t o a  multina -
tional project , th e Internationa l Thermonuclea r Experimenta l Reacto r 
(ITER). Begun i n 1987 , ITER i s a join t effor t b y the European Commu -
nity, Japan, Russia , an d th e Unite d State s t o buil d th e larges t an d mos t 
powerful tokama k i n history . Al l fou r power s hav e lon g supporte d 
fusion research ; indeed , a  European tokamak , th e Joint Europea n Toru s 
(JET), ha s enjoye d considerabl e success . Th e America n fusio n commu -
nity now places great stress on our involvemen t i n ITER. 48 

There i s a  certai n iron y here . Fo r decades , i n fusio n an d elsewhere , 
American scienc e was supporte d i n par t o n th e grounds tha t w e wante d 
to lea d th e world , bot h becaus e o f th e col d wa r an d fo r nationa l pride . 
With th e col d wa r ove r an d budgetar y constraint s makin g prid e a  bi t 
expensive, we now loo k fo r othe r nation s to share the financial  burden . 

There certainl y ar e positiv e feature s i n thi s development . I f w e ca n 
spend les s money , bu t en d u p i n th e sam e plac e technologically , th e 
nation i s well served . An d workin g wit h Europe , Japan, an d th e forme r 
Soviet Unio n o n peacefu l project s build s tie s tha t ca n hel p internationa l 
relations generally . 

But ITE R i s no panacea . Eve n reduce d budge t request s will  continu e 
to com e under scrutiny , an d th e American willingnes s t o spen d substan -
tial mone y fo r man y year s on a  project i n which w e are no t th e unques -
tioned leader s i s uncertain . Moreover , th e proble m o f distan t payoff s 
remains. ITE R i s stil l i n th e desig n phase ; actua l constructio n i s year s 
away. I f i t i s buil t an d work s t o perfection , it s supporter s sa y tha t th e 
next ste p woul d b e constructio n o f a  demonstratio n reactor , "perhap s 
within th e next three decades." 49 

The Solar  Comparison  and  the  Dream  of  Limitless  Energy 

So th e abilit y o f fusio n t o provid e electricit y t o ou r home s remain s 
very uncertain . Bu t fusio n ha s nonetheles s alread y provide d fue l fo r th e 
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formation o f America n value s an d expectations . Fusio n i s invariabl y 
presented a s a  potentia l godsen d fo r ou r energ y needs , and , a s such , i t 
plays a  rol e i n a  familia r story . Th e scientists ' belie f i n endles s progres s 
becomes a  central them e in our consideration o f our future . 

The shar p debate s tha t hav e alread y take n plac e ove r th e desirabilit y 
of fusio n d o no t undercu t thi s reality , becaus e thos e debate s ar e invari -
ably in terms of othe r wondrou s technologie s tha t ar e said to be prefera -
ble t o fusion . Th e usua l candidat e i s sola r energy . Thu s Departmen t o f 
Energy fusio n official s ar e ofte n aske d whethe r thei r progra m coul d 
compete with " a cheap , efficient sola r cell." 50 With sola r energy , we ar e 
always told , th e fue l i s free. Bu t a s fusio n itsel f illustrates , fue l cost s ar e 
a smal l par t o f tota l energ y costs . A  closer loo k a t sola r energ y reveal s 
the persistence of the American fait h i n progress . 

Solar energy takes a  variety o f forms . Fo r the production o f electricit y 
it i s usuall y associate d wit h th e photovoltai c cell . Photovoltai c device s 
are among the most attractive forms o f solar energy because they conver t 
sunlight directl y int o electricity . Photovoltaic s ma y someda y pla y a  cen -
tral an d desirabl e rol e i n ou r energ y picture , bu t the y ar e n o mor e 
magical tha n fusio n reactors . Indee d thei r developmen t follow s th e pat -
tern w e have see n befor e an d the y will  fac e th e same challenges a s othe r 
energy sources. 

First o f all , the initia l developmen t o f photovoltaic s demonstrate s th e 
unplanned natur e o f scientifi c progress. 51 In 1839 , Edmund Becquerel , a 
French scientist , observe d tha t whe n ligh t fel l o n on e sid e o f a  certai n 
type o f batter y cel l a n electri c curren t wa s produced . Neithe r Becquere l 
nor anyone else could explai n thi s "photoelectri c effect. " I n this century , 
scientists cam e t o understan d th e effec t i n term s o f atomi c structure — 
when a  photon o f ligh t strike s a n atom , i t can b e absorbed b y electron s 
with th e adde d energ y drivin g of f on e of th e atom's oute r electrons . Th e 
stream o f electron s se t fre e i n thi s fashio n form s a n electri c current . I n 
the earl y par t o f thi s centur y scientist s use d thi s knowledg e t o buil d th e 
first simpl e photovoltai c cells . Th e cells , mad e o f selenium , wer e s o 
costly an d inefficien t the y had n o practical use . 

In 1954 , researcher s a t Bel l Laboratories accidentall y discovere d tha t 
certain silico n devices  produce d electricit y whe n expose d t o sunlight . 
Bell Lab s pursue d th e matte r becaus e i t wa s intereste d i n finding a  wa y 
to generat e electricit y fo r telephon e system s i n remot e area s no t con -
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nected t o powe r grids . I t turne d ou t tha t silico n sola r cell s wer e muc h 
more efficien t tha n selenium . Stil l th e cos t o f generatin g electricit y wit h 
silicon cell s wa s enormou s compare d wit h conventiona l methods . I t 
looked a s thoug h photovoltai c devices  wer e agai n goin g t o b e withou t 
practical use , and researc h slowed . 

At thi s point , a s i s s o ofte n th e cas e wit h basi c research , th e federa l 
government bega n t o pla y a  majo r role . Scientists workin g o n th e spac e 
program neede d a  power sourc e fo r satellites . Silicon sola r cell s filled the 
bill, particularly becaus e twenty-four-hour sunligh t i s available i n space . 
By the late 1950s , satellites had sola r cell s and th e National Aeronautic s 
and Spac e Administratio n (NASA ) ha d begu n fundin g researc h int o 
photovoltaics generally. 52 

Today federa l suppor t fo r photovoltai c researc h continue s i n severa l 
agencies, includin g NAS A an d th e Departmen t o f Energy . Althoug h 
some photovoltai c devices  ar e i n us e i n remot e area s an d i n demonstra -
tion projects , cost s are stil l too high fo r routin e residentia l use . 

Thus researc h continue s o n severa l fronts . Ther e i s basi c scientifi c 
work aime d a t a  bette r understandin g o f th e fundamenta l propertie s o f 
photovoltaic devices , an d ther e i s mor e applie d wor k aime d a t improv -
ing production o f existing types of devices. 53 

On th e surface , photovoltai c devices  may seem like an unlikely candi -
date fo r th e regulator y gap . After all , solar energ y i s generally describe d 
as nonpollutin g an d inexhaustible . Presiden t Carter , fo r example , sai d 
that "[ejnerg y fro m th e sun is clear and safe . I t will not pollute the air we 
breath or the water we drink."54 I f costs come down, won't photovoltai c 
devices march unimpede d int o the marketplace ? 

The short answer i s no. President Carter' s quote i s similar to Presiden t 
Eisenhower's 195 3 statemen t abou t nuclea r energy : "peacefu l powe r 
from atomi c energ y i s n o drea m o f th e future . Tha t capability , alread y 
proved, i s here—now—today. [Wit h adequat e material ] thi s capabilit y 
would rapidl y b e transforme d int o universal , efficient , an d economi c 
usage."53 Jus t a s nuclea r fission  an d fusio n d o no t ge t a  fre e ride , 
photovoltaics wil l not either . 

Consider th e matte r o f pollution . Silico n cell s remain th e leading typ e 
of photovoltai c device . Large-scale productio n o f silico n cell s would no t 
be entirely benign . I t is well-known tha t exposure to silicon dust , smoke , 
or fumes pose s a health hazard . I n particular, inhalation o f silicon smok e 
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leads t o silicosis , a  chroni c lun g disease . Whe n silico n i s presen t o n a 
small scale , a s i n glas s blowing , th e proble m i s handle d b y usin g ade -
quate exhaus t ventilation . Large-scal e productio n o f silico n cells , how -
ever, coul d mea n tha t exhaus t woul d hav e a n effec t o n ai r breathe d b y 
the general public. 56 

Other material s use d i n silico n cel l production als o coul d rais e prob -
lems. Smal l amount s o f boro n an d phosphorus , whic h ar e highl y toxic , 
are used . Freon , use d i n th e cleanin g o f silico n cells , has raise d environ -
mental problems i n a  variety o f settings. 57 

Researchers, seekin g highe r efficienc y fo r photovoltai c devices , hav e 
developed alternative s t o silicon . Bu t th e leadin g alternative s d o no t d o 
away wit h environmenta l problems . Cadmiu m sulfid e cells , whic h ar e 
relatively inexpensiv e t o manufacture , rel y i n par t o n cadmium , a  toxi c 
element tha t ofte n accumulate s i n th e body , leadin g t o kidne y o r live r 
problems. Galliu m arsenid e cells , which ar e highl y efficient , rel y i n par t 
on arsenic , which i s not only poisonous, but potentially carcinogenic. 58 

None o f thi s mean s tha t photovoltai c energ y i s a n environmenta l 
disaster. Th e danger s ma y wel l b e controllabl e an d the y ma y b e fa r les s 
than th e danger s fro m othe r way s o f generatin g electricity , includin g 
fusion. Th e poin t i s simply tha t photovoltaic s will  no t ge t an exemptio n 
from th e regulator y ga p whe n the y ente r th e commercia l world . Painfu l 
and controversia l calculation s concernin g threat s t o lif e an d healt h wil l 
have t o b e made . An d i f a  casua l approac h t o photovoltai c safet y i s 
taken, th e regulatory ga p will  take it s toll . The Occupationa l Safet y an d 
Health Administration , th e Environmental Protectio n Agency , and othe r 
regulatory mechanism s ar e alread y i n place , and thu s photovoltaic s wil l 
automatically b e subjec t t o searchin g revie w whe n widesprea d commer -
cialization begins . Fortunately som e science counselors hav e undertake n 
to narrow the gap; researchers at Bell Laboratories an d at federal labora -
tories have begun environmenta l assessment s o f photovoltaics. 59 

This i s no t t o sa y tha t photovoltai c cell s an d nuclea r fusio n ar e 
comparable source s o f electricit y i n the sens e tha t on e coul d simpl y ad d 
up th e cost s an d benefit s an d pic k a  winner . Ther e i s a  fundamenta l 
difference i n tha t sola r cell s coul d b e place d individuall y o n houses , 
whereas fusio n powe r woul d b e centralized an d the n linke d t o homes by 
a traditional electricit y grid . To use Amory Lovins' s influentia l terminol -
ogy, solar energy offers th e possibility of a  "soft " pat h t o our technologi -
cal future , wherea s nuclea r takes us down th e "hard " path. 60 
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Now t o some , thi s i s a  distinctio n withou t a  difference—the y wan t 
reliable electricit y a t th e lowes t cos t wit h th e fewes t environmenta l 
problems, and whethe r th e source i s on the roof o r a t a  plant mile s awa y 
makes n o difference . Bu t t o others , the sof t versu s har d pat h debat e ha s 
important politica l an d cultura l implication s relatin g t o th e centraliza -
tion o f governmenta l powe r an d citizens ' sens e o f contro l ove r thei r 
lives. Thu s Lovin s himself , a s earl y a s 1976 , describe d fusio n a s a 
"complex, costly , large-scale , centralize d high-technolog y wa y t o mak e 
electricity—all o f whic h goe s i n th e wron g direction." 61 O f course , th e 
hard pat h ha s it s supporter s a s well , becaus e t o som e puttin g a n energ y 
source on a  rooftop i s a nuisance an d a  recipe fo r a n unhealth y relation -
ship betwee n a n individua l an d th e community. 62 Moreover , whe n you r 
energy sourc e i s on you r roof , you r neighbor' s decisio n t o plan t a  larg e 
shade tre e take s o n ne w consequences . America n court s an d legislature s 
have onl y begu n t o wor k ou t whe n homeowner s shoul d b e abl e t o 
prevent thei r neighbor s fro m cuttin g off acces s to the sun. 63 

Similarly, widespread us e of photovoltaics o n residentia l rooftop s will 
raise issue s concernin g th e structur e o f th e energ y distributio n system . 
Should individua l home s receivin g electricit y fro m th e su n b e require d 
or allowed t o hook u p with traditiona l powe r grids? How shoul d electri c 
bills be determined whe n individual s wan t t o b e linked t o the grid a t al l 
times but only use i t when thei r sola r system i s inadequate? 

So, in the end, sola r energy , lik e fusion , wil l emerge a s something les s 
than a n instan t solutio n t o ou r problems . Bu t w e stil l hea r reference s 
from group s lik e th e Nationa l Academ y o f Science s t o sola r an d fusio n 
energy a s offering "th e potentia l fo r indefinitel y sustainabl e energ y sup -
ply. Tha t is , eac h coul d suppl y u p t o te n time s ou r presen t energ y 
requirements fo r thousand s o f year s (o r muc h more)." 64 An d wherea s 
the academ y goe s o n t o discus s th e economi c an d othe r choice s tha t 
have to be made, the image of endles s plenty i s left . 

There i s an d shoul d b e a  plac e i n America n cultur e fo r image s o f 
endless progress . But we are enriched a s well by images tha t portra y ou r 
limits. Year s ago , E . F . Schumacher , drawin g explicitl y o n th e Sermo n 
on th e Mount , urge d u s t o remembe r i n th e contex t o f ou r energ y 
debates tha t "w e ar e poor , no t demigods . We have plenty t o b e sorrow -
ful about , an d ar e not emergin g into a  golden age." 65 This turned ou t t o 
be mor e propheti c tha n a  bushe l o f headlin e storie s o n energ y "break -
throughs." Ou r sens e o f wh o w e ar e shoul d dra w o n huma n frailtie s a s 
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well a s huma n potential . Keepin g suc h idea s i n min d ha s nothin g t o d o 
with a n establishmen t o f religion ; i t ha s everythin g t o d o wit h a  mor e 
rounded sens e o f wh o w e are . A s researc h move s on , lif e ma y becom e 
easier i n som e ways . But , th e huma n conditio n i s no t somethin g t o b e 
cured b y technology . 



• N I N E * 

Artificial Intelligenc e an d th e 
Essence o f Humanit y 

Spectacular development s i n th e fa r reache s o f compute r scienc e ar e 
announced almos t daily . And the most striking advances concern no t th e 
brute powe r o f eve r faste r machines , bu t artificia l intelligence . Comput -
ers tha t appea r t o thin k will , w e ar e told , revolutioniz e th e workplac e 
and th e schoolroom. Thi s field has so fa r produce d relativel y littl e in th e 
way o f usabl e technology , bu t i t ha s triggere d a n enormou s debat e o n 
philosophical question s abou t th e natur e o f intelligence . A s wit h s o 
many debate s i n our society , mos t o f the participation o n bot h side s ha s 
taken th e scientists ' vie w o f th e world , eve n whe n implici t valu e ques -
tions cry out fo r th e addition o f othe r perspectives . 

The Origins  of  Artificial  Intelligence 

Artificial intelligence , the discipline tha t seek s to buil d thinkin g comput -
ers,1 trace s it s origin s bac k t o earl y effort s t o hav e machine s d o mathe -
matics. I n th e nineteent h century , Charle s Babbage' s "differenc e en -
gine," buil t with financial  suppor t fro m th e British government, was abl e 
to calculat e th e value s o f certai n polynomials. 2 Babbag e late r conceive d 
an "analyti c engine, " a  general-purpos e computin g machine . Althoug h 
never completed , it s design anticipate d man y feature s o f first-generation 
computers.3 

In Chapte r 6  we traced th e developmen t o f moder n digita l computer s 
in thi s century . A s th e powe r o f thes e machine s gre w an d thei r siz e 
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shrank, comparison s wit h th e huma n brai n becam e ubiquitous . Th e 
theoretical groundwor k fo r thinkin g abou t th e ultimat e capabilit y o f 
computers wa s largel y lai d b y Ala n Turing , th e brillian t Britis h mathe -
matician an d codebreaker . Turin g playe d a  ke y rol e i n developin g th e 
symbolic computation tha t i s central t o moder n effort s a t artificia l intel -
ligence. In 193 6 h e devised a  hypothetical logi c machine tha t consist s of 
an endles s piec e o f pape r divide d int o squares , wher e eac h squar e i s 
either blan k o r marked . A  scannin g devic e move s alon g th e pape r an d 
either make s a  mark , erase s one , o r move s on e squar e forwar d o r on e 
back. Turin g wa s abl e t o sho w tha t thi s machin e coul d comput e any -
thing that could be computed b y any machine, no matter how complex. 4 

In othe r words , logi c problems , an d an y problem s tha t ca n b e formu -
lated logically , can b e reduced t o a  series of yes or no steps . 

Modern researc h i n artificia l intelligenc e wa s energize d b y a  pivota l 
summer conferenc e a t Dartmout h Colleg e i n 1 9 5 6/ Joh n McCarthy , 
assistant professo r o f mathematic s a t Dartmouth , coine d th e term artifi-
cial intelligence  whil e writin g a  proposa l fo r th e conference . A t th e 
gathering, McCarthy , Marvi n Minsky , Alle n Newell , Herber t Simon , 
and other s exchanged findings  an d idea s about compute r language s tha t 
were suite d t o flexibl e proble m solvin g an d abou t program s the y ha d 
written tha t could , fo r example , prove mathematica l theorems . To arti -
ficial intelligence researchers , computers ar e not number crunchers . They 
are machine s tha t ca n mimi c huma n behavio r i n area s rangin g fro m 
conversation t o chess . 

Two majo r approache s characteriz e curren t wor k i n artificia l intelli -
gence (AI) . Symboli c A I relie s o n seria l processin g i n whic h softwar e 
operates o n hardwar e i n a  singl e trac k approac h t o problems . Neura l 
network AI , which i s modeled mor e o n ho w th e human brai n functions , 
uses paralle l processin g an d doe s no t distinguis h a s sharpl y betwee n 
hardware an d software. 6 Bot h technique s pursu e th e ultimat e goa l o f 
building machines , includin g robot s wit h a n arra y o f sensor y devices , 
that ca n learn an d thin k i n a  human fashion . 

Artificial Life 

In recen t years , a  rival conceptio n o f compute r intelligenc e ha s begu n t o 
challenge traditiona l AI . The artificia l lif e movemen t i s more concerne d 
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with compute r program s tha t mimi c bird s i n fligh t tha n wit h thos e tha t 
play chess. Although ofte n describe d a s a subset of artificia l intelligence, 7 

the history an d goal s of artificia l lif e are somewhat distinct . 
The intellectua l forbeare r o f artificia l lif e i s Joh n vo n Neumann , a 

mathematician wh o was born i n Budapest an d cam e to the United State s 
in 1930 . Afte r Worl d Wa r II , von Neuman n wa s on e o f th e creator s o f 
the modern concep t o f the computer , i n particular th e linkage between a 
memory uni t an d a  centra l processin g unit . Vo n Neuman n wrot e quit e 
generally abou t wha t h e calle d automata,  o r self-operatin g entities , 
which coul d procee d "i n ligh t o f instruction s programme d withi n it -
self."8 Vo n Neuman n include d bot h machine s an d biologica l organism s 
in this category o f "automata." 9 

This concep t evolve d i n th e lat e 1960 s with th e creatio n o f compute r 
games, suc h a s Life , i n whic h simpl e instruction s whe n playe d ou t a t 
length le d t o fascinatin g pattern s o f "cel l birth " an d "death " emergin g 
on a  sor t o f checkerboar d o n th e compute r screen. 10 Influence d b y 
these an d othe r developments , Christophe r Langto n o f th e Lo s Alamo s 
National Laborator y coine d th e ter m artificial  life  an d gav e th e field 
definition b y organizin g th e first  artificia l lif e conferenc e a t Lo s Alamo s 
in 1987. 11 

As presentl y practiced , artificia l lif e involve s writin g program s tha t 
create flexibl e compute r entities . Thes e entitie s ar e give n a  fe w simpl e 
rules t o follo w tha t gover n suc h matter s a s mobilit y an d reproduction . 
When thei r environmen t change s the y adapt . Thu s computer-simulate d 
"birds" hav e evolve d "flocking " behavio r tha t i s remarkabl y simila r t o 
that o f biologica l birds. 12 Artificia l lif e proponent s maintai n tha t wha t 
they hav e create d will  someda y deserv e t o b e called "alive " ever y bi t a s 
much a s creation s mad e o f DNA . A s Langto n ha s pu t it , "microelec -
tronic technology an d genetic engineering will soon give us the capabilit y 
to create new lif e form s in  silico a s well a s in vitro" 13 

At on e level , th e contras t wit h traditiona l A I i s sharp . Artificia l lif e 
seeks t o replicat e biologica l organism s fro m th e botto m u p throug h 
evolution, whereas A I operates fro m th e top dow n b y creating machine s 
that undertak e sophisticate d activitie s lik e playin g chess . Langto n ha s 
written tha t th e first  conference o n artificia l lif e revealed tha t th e partici -
pants share d " a ver y simila r vision , strongl y base d o n theme s suc h a s 
bottom-up rathe r tha n top-down  modeling , local  rathe r tha n global 
control, simple  rathe r tha n complex  specifications , emergent  rathe r tha n 
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prespecified behavior , population  rathe r tha n individual  simulation , an d 
so forth." 14 

At anothe r level , however , artificia l lif e share s a  grea t dea l wit h 
artificial intelligence , an d i t i s no t surprisin g tha t a t man y universitie s 
they ar e groupe d i n th e sam e department . Th e goal , afte r all , i s t o 
have computers , al l o f whic h operat e withi n th e limit s se t b y Turing' s 
theoretical work , tak e o n a  variety o f task s previously though t t o b e th e 
sole province o f biologica l organisms . 

The Practical  Impact  of  Artificial  Intelligence 

The potentia l impac t o f artificia l intelligence , broadl y defined , range s 
over fields  lik e machin e translation , medica l diagnosis , modelin g o f dis -
eases, an d operatio n o f aircraft . Th e U.S . governmen t ha s bee n suffi -
ciently intrigue d t o suppor t A I wit h fundin g fro m a  variet y o f sources . 
The Advance d Researc h Project s Agenc y withi n th e Departmen t o f De -
fense ha s provide d support , a s hav e th e individua l service s throug h th e 
Office o f Nava l Research , th e Arm y Researc h Offic e an d th e Ai r Forc e 
Office o f Scientifi c Research . O n th e civilia n side , th e Nationa l Scienc e 
Foundation fund s an d coordinate s a  variety o f endeavors . The Nationa l 
Aeronautics an d Spac e Administration , fo r example , i s interested i n th e 
use of intelligen t robot s i n space missions. And the National Institute s of 
Health ha s supported effort s t o search fo r a  cure for AID S using artificia l 
life techniques. 15 

Government suppor t fo r A I ha s ha d it s up s an d down s bu t i t wil l 
persist. Muc h o f i t i s "littl e science, " sprea d out , i n classi c fashion , 
among a  variet y o f agencie s an d i n th e civilia n an d militar y sectors . 
There i s enoug h intellectua l interes t t o engag e th e researc h communit y 
and enoug h promis e o f practica l payof f t o satisfy th e legislature . 

Of course , here , a s elsewhere wit h basi c science, the practica l payoff s 
are mor e elusiv e tha n the y first  appear . A I has no t bee n immun e t o th e 
overpromising tha t s o ofte n occur s whe n th e scientifi c ethi c o f progres s 
is expresse d i n th e publi c realm . I n 1949 , fo r example , th e directo r o f 
natural scienc e a t th e Rockefelle r Foundatio n propose d tha t computer s 
be use d t o solv e "worldwid e translatio n problems, " reasonin g tha t be -
cause the y ha d broke n code s i n th e war , the y coul d "decode " on e 
language int o another. 16 Bu t languag e turne d ou t t o b e a  good bi t mor e 
subtle an d contex t dependen t tha n supposed , an d machin e translator s 
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have s o fa r solve d rathe r little . More recently , th e U.S . Army's priz e AI 
project, th e "Autonomou s Lan d Vehicle " ra n of f th e road . Plan s calle d 
for a n armore d transpor t vehicl e tha t coul d delive r supplie s unde r com -
bat conditions withou t a  human driver , bu t five years of work produce d 
a vehicl e unabl e t o driv e a t adequat e speed s eve n unde r tes t conditions , 
and th e program wa s cancelled. 17 

At present , althoug h man y compute r program s clai m t o b e "intelli -
gent" o r t o us e "artificia l intelligence, " actua l use s o f computer s fo r 
flexible proble m solvin g typically don e b y humans hav e been rar e in th e 
commercial sector . Althoug h man y wer e launche d wit h grea t fanfare , 
very fe w companie s specializin g i n artificia l intelligenc e hav e survived , 
and man y o f thos e ar e struggling. 18 Th e mai n successe s hav e bee n i n 
narrow area s such a s credit verification. 19 Moreover , w e can confidentl y 
predict tha t whe n product s d o arriv e i n larg e numbers , th e regulator y 
gap wil l tak e it s toll . If , fo r example , cleve r program s ar e writte n t o 
diagnose diseases , tha t doe s no t mea n the y wer e writte n wit h th e sort s 
of question s tha t aris e i n malpractic e action s i n mind . And , a s note d i n 
chapter 6 , th e protectio n o f intellectua l propert y i n compute r softwar e 
remains a  formidabl e problem . Give n th e paucit y o f actua l artificia l 
intelligence product s on-line , i t i s difficul t t o sa y exactl y wher e othe r 
regulatory problem s wil l com e in , bu t ther e i s no reaso n t o believ e the y 
will be absent . 

Consciousness and  Human  Uniqueness 

All o f thi s mean s simpl y tha t artificia l intelligenc e i s likely t o follo w th e 
normal pat h t o usabl e technology—rockie r tha n anticipated . Bu t a s 
with othe r development s i n science , the limite d commercia l impac t doe s 
not mea n limite d impac t o n ou r values . Indeed , th e prospect o f thinkin g 
computers ha s create d a n extraordinar y amoun t o f publi c debat e o n 
remarkably philosophica l issues . As computers hav e apparentl y becom e 
more lik e humans , w e human s hav e struggle d t o retai n ou r distinc -
tiveness. Thi s ha s resulte d i n a  ne w emphasi s o n th e importanc e o f 
human consciousnes s an d self-awareness , an d a  growin g debat e ove r 
whether machine s ca n posses s thos e traits . But , remarkably , eve n thi s 
debate i s dominated, o n bot h sides , by the scientific worl d view. 20 

The observation tha t advance s i n science can diminis h a n individual' s 
sense o f uniquenes s i s hardl y new . Sigmun d Freud , fo r example , wrot e 
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that "[h]umanit y ha s in the course of time had t o endure from th e hand s 
of science two great outrages upon it s naive self-love."21 Freu d identifie d 
these "outrages " a s Copernica n astronomy , whic h displace d th e eart h 
from th e cente r o f th e universe , and Darwinia n evolution , which posite d 
a continuit y betwee n animal s an d man. 22 Freu d believe d tha t resistanc e 
to hi s ow n theorie s stemme d fro m th e fac t tha t h e furthe r insulte d 
humanity b y "endeavourin g t o prov e t o th e ego  o f eac h on e o f u s tha t 
he is not eve n maste r i n hi s own house , but tha t h e must remai n conten t 
with th e veries t scrap s o f informatio n abou t wha t i s goin g o n uncon -
sciously in his own mind." 23 

If Freu d correctl y identifie d thre e blow s t o ou r pride , tw o o f the m 
have t o som e exten t bee n absorbed . Ma n ha s cede d hi s plac e i n th e 
physical cente r o f th e univers e wit h reasonabl e grace . An d i f Freud' s 
own theorie s hav e no t achieve d th e acceptanc e o f thos e o f Copernicus , 
that ma y simpl y b e becaus e the y d o no t deserv e tha t acceptanc e o n 
scientific grounds . I n an y event , man y peopl e toda y ca n comfortabl y 
concede that they sometimes have, as Freud argued, unconscious motiva -
tions. 

Darwin's theor y o f evolutio n remain s muc h mor e controversia l i n 
some sector s o f society , an d tha t ma y b e precisel y becaus e i t continue s 
to threaten huma n self-estee m i n the way that Freud suggested . Althoug h 
evolution i s widely supporte d b y the scientific community, 24 it s inclusion 
in th e curriculu m remain s a  contentiou s subjec t i n man y schools , a s w e 
saw i n chapte r 5. 25 To o muc h continuit y betwee n mankin d an d othe r 
animals can be quite upsetting. 26 

Even fo r man y o f thos e wh o believ e i n evolution , th e huma n trai t o f 
self-awareness preserve s a  distinctio n betwee n peopl e an d a t leas t som e 
animals. Consider , fo r example , the position o f Pete r Singer , the influen-
tial advocat e fo r anima l rights , whos e Animal  Liberation  ha s bee n 
termed "th e bibl e of the animal liberatio n movement." 27 Singe r present s 
a strictl y utilitaria n argument ; followin g Bentham , h e say s th e relevan t 
question i s no t whethe r a n anima l ca n reaso n o r talk , bu t whethe r a n 
animal ca n suffer. 28 H e thus stresses the abundant evidenc e that animal s 
can fee l pai n an d argue s tha t thi s pai n mus t b e take n int o accoun t i n 
human decisio n making. 29 Bu t h e expressl y reject s th e notio n tha t hu -
mans are like all other animal s in terms of self-awareness : 
To avoi d speciesis m w e mus t allo w tha t being s wh o ar e simila r i n al l relevan t 
respects hav e a  simila r righ t t o life—an d mer e membershi p i n ou r ow n biologi -
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cal specie s canno t b e a  morall y relevan t criterio n fo r thi s right . Withi n thes e 
limits w e could stil l hold , fo r instance , tha t i t i s worse t o kil l a  normal adul t 
human, with a  capacity fo r self-awarenes s an d the ability to plan fo r th e futur e 
and hav e meaningfu l relation s wit h others , tha n i t i s t o kil l a  mouse , whic h 
presumably does not share all of these characteristics.30 

Indeed, Singe r argue s generall y tha t nonhuma n animal s ar e no t capa -
ble o f makin g mora l choices , thus makin g irrelevan t th e questio n o f th e 
propriety o f thei r behavio r towar d eac h other. 31 I t i s n o criticis m o f 
animal right s advocate s t o not e tha t som e o f the m migh t find  i t mor e 
difficult t o subscrib e t o a  doctrine tha t di d no t retai n suc h a  specia l rol e 
for humankind . Ther e are , afte r all , man y i n th e emergin g field  o f 
cognitive etholog y who , o n thoroughl y Darwinia n grounds , find  evi -
dence fo r anima l consciousnes s an d awarenes s an d plannin g i n animal s 
ranging from bird s to rhesus monkeys to honeybees. 32 

In an y event , whethe r o r no t human s fee l comfortabl e bein g groupe d 
with animals , a  new challeng e t o huma n uniquenes s ha s arise n wit h th e 
development o f th e computer . A s Bruce  Mazlis h pu t it , i f Copernicus , 
Darwin, an d Freu d place d ma n o n a  continuou s spectru m wit h th e 
universe, th e anima l kingdom , an d hi s ow n psyche , moder n technolog y 
seeks t o eradicat e th e final  discontinuity—tha t betwee n ma n an d ma -
chines.33 

Preserving thi s discontinuit y ha s becom e importan t t o man y people . 
As soo n a s machine s maste r on e tas k don e b y humans , ther e ar e thos e 
who sa y tha t som e othe r tas k involve s th e reall y essentia l aspec t o f 
humanity. I t is this progression tha t has led to the modern preoccupatio n 
with self-awareness . 

The stor y o f chess-playin g computers , a n importan t are a o f artificia l 
intelligence research , i s instructive. Although th e rule s of ches s are easily 
taught t o a  computer , an d althoug h a  compute r ca n calculat e muc h 
more rapidl y tha n a  human , i t wa s lon g believe d tha t certai n essentia l 
intuitive aspect s o f th e gam e woul d alway s giv e huma n player s a n ad -
vantage ove r a  machine . As recently a s 1987 , one commentato r claime d 
that "i t ha s been calculate d tha t a  computer bi g and fas t enoug h t o bea t 
a worl d clas s ches s maste r woul d hav e t o b e approximatel y th e siz e o f 
the solar system." 34 B y 1990 this claim had bee n falsifie d rathe r dramat -
ically b y the progra m Dee p Thought , whic h ha s defeate d severa l grand -
masters an d ca n ru n o n an y powerfu l computer. 35 Althoug h Dee p 
Thought ha s bee n defeate d b y th e worl d champion , th e progra m i s 
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better tha n al l bu t abou t on e hundre d player s i n th e world. 36 Dee p 
Thought play s muc h bette r tha n th e five  graduat e student s wh o devel -
oped it , and i t will continue to improve.37 According to one grandmaste r 
who los t t o it , "Dee p Though t combine s enormou s spee d an d computa -
tional powe r wit h sophisticate d analysis , itsel f develope d b y computer , 
of th e relativ e value s o f th e ches s piece s dependin g o n wher e the y ar e 
and wha t stag e the game has reached." 38 

Yet some now explicitly rejec t th e notion tha t grandmaster-level ches s 
programs represen t a  mileston e i n th e developmen t o f artificia l intelli -
gence.39 To them , consciou s self-awarenes s i s a key aspec t o f th e huma n 
brain's activity , and , the y assert , suc h consciousnes s ha s no t bee n 
achieved b y curren t chess-playin g machines. 40 I n othe r words , Dee p 
Thought ma y pla y a  mea n gam e o f chess , but , unlik e humans , i t doe s 
not know i t is playing chess. 

Thus t o many , th e utterl y internal , subjectiv e sens e o f consciousnes s 
represents a  safe harbor fro m th e march o f progress : 

Science ha s reveale d th e secret s o f man y initiall y mysteriou s natura l phenom -
ena—magnetism, photosynthesis, digestion, even reproduction—but conscious -
ness seems utterly unlike these. For one thing, particular case s of magnetism o r 
photosynthesis o r digestio n ar e i n principl e equall y accessibl e t o an y observe r 
with the right apparatus, but any particular case of consciousness seems to have 
a favore d o r privilege d observer , whos e acces s t o th e phenomeno n i s entirely 
unlike, an d bette r than , th e acces s o f an y others—n o matte r wha t apparatu s 
they may have.41 

Thus the human capacit y fo r self-awareness—th e capacit y t o b e con -
scious o f ou r ow n existence—i s stil l celebrate d i n moder n culture . Even 
a fanc y compute r canno t thin k abou t itsel f th e wa y w e ca n ponde r 
ourselves. Indeed , self-referenc e ha s bee n describe d a s "America' s lates t 
social an d pop-intellectua l trend," 42 a  trend exemplifie d b y phenomen a 
ranging fro m th e "Gar y Shandlin g Show " t o Pulitze r Prize s fo r medi a 
coverage o f th e media. 43 Eve n la w revie w article s hav e begu n t o appea r 
that contai n footnote s citin g themselves.44 

The Debate  over  Computer  Consciousness:  Science  versus  Science 

But t o man y proponent s o f artificia l intelligence , consciousnes s i s no t a 
safe harbo r inaccessibl e t o scientifi c progress . The y hav e argue d explic -
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itly tha t digita l computer s canno t b e assume d incapabl e o f an y menta l 
activity: 

Minds exis t i n brain s and ma y come to exis t i n programmed machines . I f and 
when suc h machine s come about , thei r causa l power s wil l derive not fro m th e 
substances they are made of, bu t from thei r design and the programs that run in 
them. And the way we will know they have those causal powers is by talking to 
them and listening carefully t o what they have to say.45 

Thus the proponents o f wha t ha s come to be called "strong " artificia l 
intelligence believ e tha t a  properl y programme d compute r "woul d no t 
only thin k bu t kno w i t i s thinking." 46 Th e philosophe r Joh n Pollock , 
who i s engaged i n th e OSCA R projec t t o buil d a  thinkin g machine , ha s 
written i n How to  Build  a  Person tha t "[t]her e i s no obstacle to buildin g 
consciousness int o a n intelligen t machine." 47 Mos t dramatically , Han s 
Moravec, th e directo r o f th e Mobil e Robo t Laborator y o f Carnegi e 
Mellon University , ha s maintaine d tha t h e alread y see s evidenc e o f 
awareness i n hi s computer-drive n mobil e robot s tha t us e sensor s t o 
obtain informatio n abou t thei r location an d movements : 

In ou r lab , the program s w e have develope d usuall y presen t suc h informatio n 
from th e robot's world mode l in the form o f pictures on a computer screen— a 
direct window into the robot's mind. In these internal models of the world I  see 
the beginning s o f awarenes s i n th e mind s o f ou r machines—a n awarenes s I 
believe will evolve into consciousness comparable with that of humans.48 

There ha s bee n a  stron g publi c reactio n t o claim s suc h a s these , an d 
the growt h o f a  remarkabl e an d popula r se t o f sophisticate d argument s 
designed to show that digita l computer s ar e not conscious. By examining 
three o f thes e opponent s o f stron g artificia l intelligence—th e philoso -
pher John Searle , the mathematician Roge r Penrose , and the neurobiolo -
gist Geral d Edelman—w e ca n witnes s th e surprisin g rol e o f scienc e i n 
value formation . Surprising , becaus e th e opponent s o f compute r con -
sciousness, no less than th e proponents , stress the scientific worl d view . 

John Searle' s analysis of the problem require s an understanding o f th e 
so-called Turin g test . I n 1950 , when computer s ha d ver y littl e power i n 
modern-day terms , Alan Turing devised a n operationa l tes t to determin e 
when a  computer coul d thin k lik e a  human. 49 Unde r th e Turing test , a s 
this approac h wa s inevitabl y named , a  compute r an d a  huma n ar e 
hidden fro m th e vie w o f a  huma n interrogator. 50 Th e interrogato r put s 
questions t o th e compute r an d t o th e huma n wit h a  mechanis m suc h a s 
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a keyboard an d screen . Any questions a t al l can be asked. The compute r 
and th e huma n answe r throug h th e keyboar d an d scree n mechanism , 
but the y hav e differen t goals . Th e compute r ha s bee n designe d t o pre -
tend tha t i t i s a  human ; th e huma n i s simpl y bein g him - o r herself . A t 
the end, interrogators hav e to decide which o f th e two entitie s they hav e 
been communicating with i s the human. I f they consistently ge t it wrong, 
that is , i f th e compute r ha s consistentl y foole d them , w e sa y th e com -
puter ha s passed th e Turing test . 

No compute r ca n currentl y pas s th e Turin g test , an d a  moment' s 
reflection will  persuade you tha t i t will be quite a  feat i f a  computer eve r 
does. Obviousl y th e interrogato r wil l no t rel y o n simpl e informationa l 
questions wher e a  compute r ca n b e easil y programme d t o giv e a  hu -
manlike se t of responses. 51 ( A set that migh t include, of course , incorrec t 
answers t o difficul t mat h problems.) 52 The skillfu l interrogato r wil l rel y 
instead o n dialogue s i n whic h th e compute r will  b e force d t o respon d 
persuasively t o question s abou t earlie r part s o f th e discussion , t o sar -
casm, and t o context-based comment s on a  variety o f topics. 53 Nonethe-
less there ar e computer s toda y tha t ca n engag e i n a  reasonably sophisti -
cated dialogu e wit h humans , an d the y hav e foole d som e peopl e i n 
Turing test s o n limite d topics. 54 Unsurprisingly , ther e ar e man y i n th e 
artificial intelligenc e community wh o believ e that a  computer wil l some-
day pass a  generalized Turin g test. 55 

The philosophe r Joh n Searl e doe s no t debat e whethe r a  compute r 
could eve r pas s th e Turin g test . Instea d h e challenge s th e notio n tha t i t 
would b e terribly meaningfu l i f one could . Philosopher s an d other s hav e 
long discusse d th e implication s o f havin g a  machin e tha t coul d pas s th e 
Turing test. 56 Searle' s powerfu l contributio n t o th e debat e ha s mad e a n 
unlikely appearanc e i n popula r books, 57 periodicals, 58 an d eve n dail y 
newspapers.59 Indeed , Searle' s "Chines e room " argumen t ha s becom e a 
flashpoint i n th e disput e ove r whethe r huma n consciousnes s i s unique . 
With computer s makin g human reaso n see m decidedly ordinary , ther e is 
a dramatic upsurg e in interes t i n the question o f whethe r computer s ca n 
understand wha t the y ar e doin g i n th e sens e tha t human s do . Thi s 
interest i s so strong tha t Searle , through n o faul t o f hi s own, has had hi s 
views badly misrepresented a t times. Indeed those who look to Searle fo r 
a vindicatio n o f huma n uniquenes s ar e lookin g i n th e wron g plac e 
indeed. T o understan d wh y thi s i s so , we hav e to begi n i n th e "Chines e 
room." 
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Imagine, say s Searle , tha t programmer s hav e writte n a  progra m tha t 
enables a  computer t o "understand " Chines e i n the followin g sense. 60 If 
the compute r i s give n a  questio n writte n i n Chines e characters , the n i t 
can produc e a n excellen t answe r writte n i n Chines e characters . Th e 
computer i s so good a t thi s that i t cannot b e distinguished i n a  blind tes t 
from a  nativ e speake r o f Chinese . Thi s compute r ca n b e sai d t o hav e 
passed a  for m o f th e Turin g test , bu t i s i t correc t t o sa y tha t th e 
computer understand s Chines e i n th e way tha t th e nativ e speake r does ? 
To answe r thi s questio n Searl e propose s th e followin g though t experi -
ment: Imagin e yo u d o no t understan d a  wor d o f Chinese . Yo u ar e 
locked i n a  room wit h a  large baske t ful l o f Chines e symbol s writte n o n 
bits o f paper . Als o i n th e roo m i s a  larg e boo k writte n i n Englis h tha t 
gives a  serie s o f rule s fo r manipulatin g Chines e symbols . Th e rule s sa y 
nothing abou t th e meanin g o f th e symbols ; the y simpl y sa y thing s lik e 
"if yo u ar e given a  squiggle-squiggle symbo l fro m outsid e the room, find 
a squoggle-squoggle symbo l an d pas s i t back ou t under th e door." Whil e 
you ar e in the room , someone outside start s passing Chinese symbol s o n 
bits o f pape r unde r th e door . Yo u follo w th e rul e boo k an d pas s th e 
appropriate bit s wit h Chines e symbol s bac k ou t unde r th e door . A s i t 
happens, the bit s coming i n contain question s an d th e rul e book yo u ar e 
following i s cleverl y designe d s o tha t yo u ar e sendin g ou t excellen t 
answers. But you kno w non e o f this ; moreover , yo u hav e n o knowledg e 
of wha t an y o f th e symbol s mean . Nonetheless , t o a n outsid e observe r 
you wil l see m t o hav e passe d th e Turin g test . Jus t lik e th e outstandin g 
computer, you r answer s wil l b e indistinguishabl e fro m thos e give n b y a 
native speaker . Yet , Searl e concludes , yo u surel y d o no t understan d 
Chinese i n th e sam e sens e a s a  nativ e speaker ; indeed , yo u d o no t 
understand Chines e a t all . Yo u ar e mindlessl y manipulatin g symbol s 
according to a  book o f rules . Similarly, Searle argues, the computer doe s 
not understand Chinese . It too is simply manipulating symbol s accordin g 
to a  set of rules . Searle summarizes hi s point b y saying that synta x alon e 
is not sufficien t fo r semantics. 61 

Searle's argumen t ha s created a  firestorm  o f protes t amon g the propo-
nents of strong artificia l intelligence. 62 Hi s argument i s important i n par t 
because i t i s s o general . I t i s no t subjec t t o persuasiv e criticis m o n th e 
grounds that futur e advance s i n computer spee d or in parallel processin g 
will change the terms of the debate. 63 Searle has stressed tha t th e essence 
of th e stron g artificia l intelligenc e positio n i s tha t binar y processin g 
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per se—breakin g everythin g down int o yes-no questions manageabl e b y 
a digita l computer—ca n giv e ris e t o consciousness. 64 Searl e note s that , 
in principle , digita l computer s ca n b e made ou t o f anythin g a t all—bee r 
cans connecte d b y strings , fo r example. 65 Proponent s o f stron g artificia l 
intelligence ar e committe d t o th e positio n tha t a  bee r ca n compute r o f 
sufficient complexit y coul d pas s th e Turin g tes t an d woul d b e a s con -
scious of wha t i t is doing as a human. 66 

The objection s t o th e Chines e roo m argumen t ar e legion . Som e con -
tend tha t wherea s th e individua l i n th e Chines e roo m doe s no t under -
stand Chinese , th e whol e syste m does. 67 Jus t a s a  singl e neuro n doe s 
not understan d anything , bu t th e brai n does , th e individua l doe s no t 
understand Chinese , bu t the system—the individual , plus the rule book , 
plus the room, plus the slips coming in and out—understands Chinese. 68 

Others argu e tha t ther e i s simpl y n o wa y t o kno w whethe r an y othe r 
individual understand s anythin g excep t b y wha t the y sa y o r do , s o w e 
simply mus t assum e tha t th e perso n i n th e Chines e roo m understand s 
Chinese jus t a s w e assum e tha t sor t o f thin g abou t eac h other. 69 Stil l 
others directl y challeng e th e notio n tha t synta x i s no t sufficien t fo r 
semantics. The y not e tha t i t wa s onc e believe d tha t compressio n wave s 
in th e ai r coul d no t produc e soun d an d tha t oscillatin g electromagneti c 
forces could no t produce light. 70 Both of these positions are now discred -
ited.71 Someda y w e ma y realize , th e argumen t goes , tha t a  sufficientl y 
complex syntactica l syste m ca n indee d produc e meaning. 72 I f yo u wav e 
a ba r magne t i n a  dar k roo m yo u d o no t ge t an y visibl e light , jus t a s a 
person leafin g slowl y throug h wha t woul d b e a n extraordinaril y larg e 
rule book doe s not appea r t o obtain an y visible understanding.73 I n bot h 
cases the situation woul d appea r quit e differen t a s our understandin g o f 
the processe s involve d increased. 74 An d ther e ar e othe r response s t o 
Searle as well.75 

This i s no t th e plac e t o evaluat e th e strengt h o f Searle' s argument . 
The crucia l poin t fro m ou r perspective i s that Searl e has attracted popu -
lar attention becaus e he seems to oppose those who would explai n awa y 
human uniqueness . Thu s th e New  York  Times,  afte r discussin g th e 
Chinese room , conclude d tha t Searl e questions "th e premis e o f Wester n 
science: that th e world w e live in an d th e world insid e our head s ca n b e 
understood b y th e huma n mind." 76 Meanwhile , a  la w professo r assert s 
that Searl e has show n tha t "consciousnes s an d intentionalit y .  . .  consti-
tute huma n thought." 77 Whe n computer s star t beatin g grandmaster s a t 
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chess, i t i s time t o find a  ne w discontinuit y betwee n ma n an d machine . 
The subjectiv e experienc e o f huma n self-awarenes s ha s emerge d a s a 
likely candidate. 

The iron y her e i s tha t Searl e himself , a s h e ha s continuall y empha -
sized, is hardly th e man t o defend th e notion tha t ther e is some unknow -
able corner o f the human min d o r tha t human s someho w ar e fundamen -
tally differen t fro m machines . Searle' s argumen t applie s onl y t o th e 
notion tha t binar y computatio n alon e can giv e rise to consciousness . H e 
does not maintai n tha t n o machine can think , indeed , he has written : 

[W]e ar e al l machines . W e ca n constru e th e stuf f insid e ou r head s a s a  mea t 
machine. And of course, we can all think. So, in one sense of "machine," namely 
that sens e i n whic h a  machin e i s jus t a  physica l syste m whic h i s capabl e o f 
performing certai n kind s of operations , in that sense , we are all machines , and 
we can think.78 

Nor ha s Searl e argue d tha t onl y biologicall y base d system s ca n 
think.79 H e ha s writte n explicitl y tha t "[r]igh t no w [biologicall y base d 
systems] ar e th e onl y system s w e kno w fo r a  fac t ca n think , bu t w e 
might find  othe r system s i n th e univers e tha t ca n produc e consciou s 
thoughts, an d w e migh t eve n com e to b e able to creat e thinking system s 
artificially."80 Hi s poin t i s tha t binar y manipulatio n alon e i s no t suffi -
cient t o creat e consciou s thought . Indee d Searle , fa r fro m believin g i n 
some immateria l corne r o f th e human mind , takes precisely th e opposit e 
position o n th e mind-body problem . A n arden t opponen t o f dualism , h e 
regards al l menta l phenomena , includin g consciousness , a s being cause d 
by processe s goin g o n i n th e brain. 81 T o Searle , brain s caus e conscious -
ness i n th e sam e wa y tha t stomach s caus e digestion. 82 Searl e accuse s 
proponents o f stron g artificia l intelligenc e a s being victims of " a residua l 
dualism."83 N o on e woul d believ e tha t a  compute r simulatio n o f a 
stomach ca n actuall y diges t anything , bu t peopl e wan t t o believ e tha t a 
simulation o f a  brai n ca n actuall y think . Thi s i s onl y possible , Searl e 
asserts, i f on e believe s th e min d i s independen t o f th e physica l brain , a 
classic dualis t position. 84 W e must , Searl e concludes , "escap e th e 
clutches o f tw o thousan d year s o f dualism " an d recogniz e tha t "con -
sciousness i s a biological phenomeno n lik e any other." 85 

Regardless of whethe r proponent s o f artificia l intelligenc e ar e dualist s 
or whethe r dualis m i s a s bankrup t a s Searl e argues , th e poin t i s simpl y 
that the Chinese room offer s n o refuge fo r thos e who seek a special plac e 
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for humanity . Viewin g human s a s "mea t machines " an d consciousnes s 
as a  "biologica l phenomenon " i s hardl y th e approac h fo r thos e wh o 
would retai n a  discontinuity betwee n me n and machines . 

A simila r iron y i s presen t i n th e publi c reactio n t o The  Emperor's 
New Mind  b y note d mathematicia n Roge r Penrose. 86 Penrose' s wor k i s 
a lengthy , comple x treatmen t o f a  variet y o f topic s i n moder n physic s 
and mathematics . I t i s nonetheles s a  bestseller , a  tribut e i n par t t o it s 
underlying them e tha t digita l computer s ar e no t th e sam e a s huma n 
minds.87 A s on e commentato r pu t it , peopl e d o no t lik e "t o se e them -
selves a s digita l computers . . . . T o b e told b y someon e wit h impeccabl e 
scientific credential s tha t the y ar e nothin g o f th e kin d ca n onl y b e 
pleasing."88 On e popula r magazin e put s th e matte r bluntly : "Thos e 
Computers Ar e Dummies " read s th e headline , an d th e tex t assert s tha t 
"Penrose's centra l conclusio n i s that computer s will  never think." 89 

It i s certainly correc t tha t Penros e reject s th e claim o f stron g artificia l 
intelligence tha t digita l computer s ca n d o and experienc e al l that huma n 
brains ca n d o an d experience . Bu t here , a s wit h Searle , whe n w e loo k 
more closel y a t hi s positio n w e find  littl e t o comfor t thos e wh o wan t a 
special statu s fo r humans . 

Penrose criticize s stron g artificia l intelligenc e o n differen t ground s 
than Searl e does , althoug h h e start s i n th e sam e place . Penrose , lik e 
Searle, emphasizes tha t digita l computers , n o matte r ho w complex , rel y 
on step-by-ste p algorithm s t o solv e problems. 90 Wherea s tha t approac h 
is adequat e fo r a n extraordinaril y wid e rang e o f problems , Penros e 
maintains tha t th e brai n necessaril y use s othe r approache s i n certai n o f 
its activities. 91 Unlik e Searle , Penrose place s particula r stres s o n Godel' s 
undecidability theorem , which , h e believes , demonstrate s tha t human s 
can intui t a s tru e certai n proposition s tha t canno t b e establishe d i n a 
series o f algorithmi c steps. 92 Finally , Penrose , unlik e Searle , speculate s 
that t o full y understan d ho w brain s work an d ho w consciousnes s arises , 
more will  hav e t o b e learne d abou t unresolve d problem s relatin g t o 
quantum theor y an d othe r aspect s of modern physics. 93 

Thus i t i s clear , a s Penrose explicitl y states , tha t h e doe s "no t believ e 
the strong- AI contentio n tha t th e mer e enactio n o f a n algorith m woul d 
evoke consciousness," 94 an d fo r thi s conclusio n Penros e ha s bee n criti -
cized i n th e artificia l intelligenc e community. 95 I t ha s bee n argued , fo r 
example, that the neurons in the brain ar e simply too large to be affecte d 
by the quantum behavio r Penros e stresses.96 But whether Penros e is right 
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or wrong , th e crucia l poin t fro m ou r perspectiv e i s that h e i s not some -
one wh o maintain s tha t ther e i s somethin g discontinuou s betwee n hu -
man being s an d th e res t o f th e physica l universe . O n th e contrary , h e 
seeks precisel y th e typ e o f scientifi c unit y typicall y sough t b y thos e wh o 
build gran d theories . An d i n th e end , h e ca n se e onl y tw o possibilitie s 
for understandin g th e conscious huma n mind . Eithe r i t grew ou t o f "th e 
thousands o f million s o f year s o f actual  evolutio n tha t li e behind us," 9 7 

or i t result s fro m physica l qualitie s tha t w e ma y ultimatel y understand , 
thus enabling u s "t o construc t suc h [conscious ] object s fo r ourselves." 98 

In th e latte r case—th e human-buil t brain—th e consequence s coul d b e 
dramatic: 

One could imagin e that thes e objects coul d hav e a  tremendous advantag e over 
us, sinc e the y coul d b e designe d specifically  fo r th e tas k a t hand , namel y t o 
achieve consciousness.  The y woul d no t hav e t o gro w fro m a  singl e cell . They 
would no t hav e t o carr y aroun d th e "baggage " o f thei r ancestr y (th e ol d an d 
"useless" parts of the brain or body that survive in ourselves only because of the 
"accidents" o f ou r remot e ancestry) . One migh t imagine that , i n view of thes e 
advantages, suc h object s coul d succee d i n actually  superseding huma n beings , 
where (in the opinions of such as myself) the algorithmic computers are doomed 
to subservience." 

Thus th e alternative s tha t Penros e see s ar e huma n mind s a s continu -
ous wit h th e anima l kingdo m throug h th e mechanis m o f evolutio n o r 
human mind s as replicable, even surpassable , by human-made machines . 
Neither i s a refuge fo r thos e who crave discontinuity . 

Neurobiologist Geral d Edelma n als o challenges the notion o f a  think -
ing computer . Hi s Bright  Air,  Brilliant  Fire  set s fort h hi s vie w o f th e 
origins o f huma n consciousnes s an d o f th e debat e ove r machin e con -
sciousness.100 Lik e Searle and Penrose , Edelman reject s th e ide a tha t th e 
human brai n ca n b e usefull y likene d t o a  digita l computer . H e argues , 
in a  comple x an d controversia l theor y calle d neura l Darwinism , tha t 
consciousness i s an outgrowt h o f huma n evolutio n workin g a t th e leve l 
of group s o f neuron s reactin g t o sensor y inputs . Edelma n distinguishe s 
between wha t h e calls primary consciousness—a n awarenes s o f immedi -
ate surrounding s withou t a  sens e o f pas t o r future—fro m highe r orde r 
consciousness, whic h involve s a  sens e o f sel f an d o f time . Th e forme r 
may exis t i n som e animals , suc h a s dogs , whereas th e latte r i s probabl y 
limited, i n Edelman's view , to humans . 

Reactions t o Edelman' s boo k hav e emphasize d th e poin t tha t Edel -
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man reject s th e stron g claim s mad e b y som e i n th e artificia l intelligenc e 
movement. Edelman , we are told by journalists, argues that "th e brain i s 
not lik e a  computer, " 101 tha t th e "richnes s o f huma n experienc e coul d 
not b e fitted  int o a  mechanica l o r compute r theor y o f th e nervou s 
system."102 

But, as with Searl e and Penrose , Edelman i s not, in fact, a n unambigu -
ous supporte r o f huma n uniqueness . H e doe s emphasiz e tha t w e com e 
from a  particular evolutionar y backgroun d an d are , in that sense , unlike 
other creatures . But , a s a n opponen t o f dualism , h e see s th e min d a s a 
subject fo r scientifi c stud y i n th e ordinar y sense . H e believe s tha t ou r 
higher orde r consciousnes s ma y hav e it s origin s i n chimpanzee s wh o 
have not jus t concepts , but som e elements of self-concept. 103 Mos t strik -
ingly, like Searle and Penrose , he sees no reason in principle why artifact s 
could no t b e constructe d wit h high-orde r consciousness. 104 H e think s 
the da y i s fa r off , bu t conclude s tha t "[m] y persona l belie f i s tha t th e 
construction o f conscious artifact s wil l take place." 105 

Our discours e i s s o dominate d b y scientist s tha t ou r hunge r fo r a n 
alternative t o human s a s machine s i s fe d b y antidualis t philosophers , 
mathematicians, an d evolutionar y biologists . Ther e ar e i n fac t stil l 
thoughtful people , religiou s an d otherwise , wh o believ e the min d i s in a 
fundamental wa y differen t tha n th e body , bu t thei r voice s ar e no t 
loud.106 Ther e i s an ech o of thos e los t voices in John Updike' s Rabbit  at 
Rest. Whe n Rabbi t Angstro m resist s hear t surgery , hi s frien d ask s 
"What's wron g wit h runnin g you r bloo d throug h a  machine? Wha t els e 
you thin k yo u are , champ? "  Rabbi t respond s t o himself , " A God-mad e 
one-of-a-kind wit h a n immorta l sou l breathe d in . A  vehicle o f grace . A 
battlefield o f goo d an d evil. " 107 

The scientifi c effort s t o explai n th e min d shoul d g o o n an d the y 
should b e a  vita l par t o f publi c discourse . Bu t ther e i s roo m a s wel l 
for discussion s o f th e soul , an d fo r nonscientifi c vision s o f th e essenc e 
of humanity . 

Consciousness and  the  Legal  Definition  of  Death 

The questio n o f th e uniquenes s o f huma n consciousnes s i s of particula r 
importance becaus e i t ma y pla y a  rol e i n on e o f th e mos t vexin g lega l 
and socia l controversies o f our time—the cessatio n o f medica l treatmen t 
and th e definitio n o f death . A s Rober t Veatc h notes , any concep t o f th e 
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death o f a  perso n depend s directl y o n thos e qualitie s though t t o mak e 
humans unique. 108 B y that standar d th e modern tren d i s clear—in th e 
space of a few decades technology ha s pushed u s from a  world i n which 
a beating hear t symbolize s lif e to a world i n which heartbeat , breathing , 
eating, an d even respondin g t o externa l stimul i ar e less importan t tha n 
human consciousness . The question raise d by developments i n compute r 
science i s what migh t happe n i f we no longe r viewe d consciousnes s a s 
unique to humans. 

In th e first  hal f o f thi s century , th e interdependenc e o f breathing , 
blood circulation , an d the brain mad e th e determination o f deat h rela -
tively uncontroversial. 109 The absence of breath and a heartbeat signifie d 
death.110 Beginnin g i n th e 1950s , however , artificia l respirator s an d 
other life-suppor t system s bega n t o chang e th e situation. 111 I t becam e 
possible t o kee p th e bod y aliv e whe n th e brai n ha d cease d function -
ing.112 Indeed , i t graduall y becam e possibl e t o replac e virtuall y ever y 
part of the body excep t the brain wit h a n artificial substitute. 113 

It ma y be difficul t fo r u s to recall , bu t these development s cause d a 
tremor i n mankind' s sens e o f self . A  government commissio n discusse d 
"the proble m o f th e 'man-machin e symbiosis'—tha t is , the exten t t o 
which technologica l processe s shoul d b e impose d upon , o r substitute d 
for, the natural processe s of human beings." 114 The focus of controversy 
was o n the artificial heart . A s the government commissio n pu t it, "The 
heart has held pre-eminence i n poetry an d in common speec h a s the seat 
of bravery , love , joy, and generosity. Wil l its replacement b y a mechani -
cal pum p an d motor no t merely plac e technolog y dee p i n man's boso m 
but place man more deeply in the bosom of technology?" 115 

But th e developmen t o f th e artificia l hear t an d othe r mechanica l 
life-support device s hardl y force d mankin d t o admi t equivalenc e wit h 
machines. The human thirs t fo r uniqueness wa s easily satisfie d b y mov-
ing al l importan t characteristic s t o th e on e irreplaceabl e organ , th e 
brain. A  focu s o n th e hear t wa s dismisse d a s "symbolism " an d a s 
"irrational."116 A s one ethicist pu t i t i n respons e t o concern s ove r th e 
artificial heart , "On e can understan d an d psychologicall y becom e ad -
justed to the fact tha t the heart is a vital organic pump, and that i t is not 
the inner core of the 'self.' " 1 1 7 

But th e transfe r o f concer n t o th e brai n lef t difficul t problem s fo r 
medicine an d law . Whe n societ y wa s first  confronte d wit h comatos e 
individuals whos e breathin g an d heartbeat wer e sustaine d b y machines , 
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it was no t clea r ho w to proceed; o n th e one hand, no one wanted t o en d 
the existence of someone who was likely to regain brai n functioning , bu t 
on th e othe r hand , th e sens e o f respec t fo r huma n dignity , th e cos t o f 
medical treatment , an d th e desir e fo r organ s tha t migh t b e transplante d 
into other s al l counsele d fo r endin g lif e suppor t i n certai n cases. 118 Th e 
result wa s a  growing interes t i n "brai n death, " a  concept tha t permitte d 
death t o be declared whil e the heart was stil l beating. 119 

In thi s country , th e first  majo r ste p toward definin g deat h i n terms of 
the brain was the repor t o f a n a d hoc committee a t the Harvard Medica l 
School i n 1968. 120 Th e committe e emphasize d tha t wit h moder n tech -
nology, respiratio n an d a  hear t bea t coul d b e maintaine d "eve n whe n 
there i s no t th e remotes t possibilit y o f a n individua l recoverin g con -
sciousness followin g massiv e brai n damage." 121 Accordingly , th e com -
mittee propose d standard s fo r determinin g whe n patient s shoul d b e 
declared dea d becaus e thei r brain wa s permanently nonfunctioning. 122 

It immediatel y becam e apparent , however , tha t th e wor d brain  wa s 
arguably to o broa d fo r th e purpos e o f definin g death . Th e Harvar d 
committee itsel f recognize d th e distinctio n betwee n cortica l an d brai n 
stem functioning. 123 Generall y speaking , consciousnes s an d cognitio n 
are carrie d o n i n th e highe r brain , tha t is , in th e cerebrum , particularl y 
the neocortex. 124 B y contrast, vegetative functions suc h a s breathing an d 
blood pressur e ar e carrie d ou t b y the brai n stem , a  portion o f th e lowe r 
brain.125 Th e distinctio n matter s becaus e i n man y hear t attack s an d 
accidents th e disturbanc e o f circulator y o r respirator y function s i s to o 
brief t o destro y th e brain ste m bu t sufficien t t o destroy th e neocortex. 126 

The resul t i s an individua l wh o i s alive under a  "whol e brain " definitio n 
of death , becaus e the lower par t o f the brain stil l works , bu t who woul d 
not b e alive i f a  "highe r brain " definitio n wer e used. 127 Suc h individual s 
are ofte n i n wha t i s termed a  persisten t vegetativ e state. 128 The y ca n b e 
kept aliv e with intravenou s feedin g an d antibiotics , but they ar e unlikel y 
ever t o recove r further. 129 Thes e individual s nee d n o mechanica l ai d t o 
breathe, maintai n a  heartbeat , reac t t o light , o r engag e i n othe r auto -
matic functions , bu t they lack al l awareness and thought. 130 

As earl y a s 1971 , an editoria l i n Lancet  referre d t o studie s o f coma -
tose individual s wh o breath e bu t hav e n o cortica l functioning. 131 Th e 
editorial conclude d tha t becaus e "deat h o f a  human bein g mean s deat h 
of hi s [her ] brain—indee d o f hi s [her ] mind " a n individua l woul d no t 
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want hi s o r he r vegetativ e existenc e t o b e prolonge d afte r hi s o r he r 
cortex wa s destroyed. 132 

An understandin g o f th e lega l regim e tha t gre w ou t o f thes e develop -
ments require s tha t yo u kee p in mind ho w rapidl y thing s were changing . 
In th e spac e o f a  fe w decades , th e centuries-ol d identificatio n o f deat h 
with th e cessation o f th e heartbeat an d o f breathin g was giving way t o a 
brain-centered definition . Fundamenta l mora l issue s wer e bein g ad -
dressed a t th e sam e tim e tha t ne w diagnosti c technique s wer e bein g 
developed. A s we shal l see , the ne t resul t wa s tha t th e lega l definitio n o f 
death moved to recognition tha t death o f the whole brain mean t death of 
the huma n being , eve n i f th e hear t an d lung s were stil l bein g artificiall y 
maintained.133 A t the same time, decisions on the cessation o f treatment , 
including th e cessatio n o f mechanica l feeding, 134 recognize d tha t treat -
ment could en d no t onl y when th e whole brain wa s dead , bu t als o whe n 
only th e highe r brai n wa s destroyed. 135 I t was , afte r all , th e highe r 
brain's abilit y t o sustain consciousnes s tha t marke d th e uniquely huma n 
trait. 

The lega l definitio n o f deat h move d quickl y t o reflec t th e considera -
tions se t fort h i n th e repor t o f th e a d ho c Harvar d committee . A n 
influential ste p in this direction was the 197 2 article by Capron an d Kas s 
proposing a  mode l brai n deat h statute. 136 Drawin g i n par t o n th e Har -
vard committee' s report , th e author s propose d tha t i f artificia l mean s 
were keepin g respiratio n an d circulatio n going , a  person woul d b e con -
sidered dea d i f "h e [she ] ha s experience d a n irreversibl e cessatio n o f 
spontaneous brai n functions. " 13 7 The author s mad e clea r tha t by "brai n 
functions" the y mean t th e whol e brain , s o tha t someon e wh o ha d los t 
only highe r brai n function s woul d no t b e dead. 138 Bu t th e author s 
did no t defen d th e propositio n tha t lowe r brai n functionin g alone — 
a conditio n marke d b y spontaneou s reflexe s bu t n o consciousness — 
constituted huma n life : o n th e contrary , the y admitte d tha t "th e exclu -
sion o f patient s withou t neocortica l functio n fro m th e category o f deat h 
may appea r somewha t arbitrary." 139 The y defende d th e exclusio n o n 
the ground tha t the y wer e taking a  "modest " ste p to bring the definitio n 
of deat h i n lin e wit h moder n medicine , an d the y emphasize d tha t mod -
ern medicin e wa s no t ye t abl e routinel y t o diagnos e irreversibl e highe r 
brain deat h a s clearl y a s whol e brai n death. 140 Moreover , the y lef t th e 
door ope n t o th e notio n tha t individual s wit h highe r brai n deat h shoul d 
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be allowed t o di e by stressing tha t the y wer e discussin g th e questio n "i s 
he dead?," no t the question "shoul d h e be allowed to die?" 1 4 1 

Two influentia l report s b y th e Presidents ' Commissio n fo r th e Stud y 
of Ethica l Problem s i n Medicin e an d Biomedica l an d Behaviora l Re -
search too k th e sam e tack . Th e first, a  198 1 repor t title d (i n short ) 
Defining Death,  opte d fo r a  whol e brai n rathe r tha n a  highe r brai n 
definition o f death. 142 Th e second , a  198 3 repor t title d Deciding  to 
Forego Life-Sustaining  Treatment,  sai d tha t familie s coul d justifiabl y 
remove artificia l feedin g tube s fro m patient s wit h n o highe r brai n func -
tions i n order t o cause the death o f those patients. 143 

The la w ha s generall y followe d thes e approaches . I n virtuall y ever y 
jurisdiction, statut e o r commo n la w provid e tha t individual s ar e dea d i f 
their whol e brai n ha s cease d functioning , eve n i f breathin g an d circula -
tion ar e artificiall y maintained. 144 A t the same time, prior t o th e Cruzan 
decision, "a n unbroke n strea m o f case s ha s authorize d procedure s fo r 
the cessatio n o f treatmen t o f patient s i n persisten t vegetativ e states, " 
that is , patients wh o hav e suffere d highe r brai n death. 145 Man y o f thes e 
cases involv e th e remova l o f feedin g tubes. 146 Th e court s hav e use d 
various theories , rangin g fro m a n assessmen t o f th e patient' s previousl y 
expressed wishe s to an analysi s of the benefits o f continued treatment, 147 

but th e result s hav e bee n th e same . Even outsid e th e real m o f litigation , 
many physicians , despite the long standing medica l presumption i n favo r 
of treatment, 148 hav e come to believe that withdrawal o f foo d an d wate r 
from permanentl y unconsciou s patient s i s appropriate. 149 

So i n jus t th e spac e o f a  fe w decades , a  remarkabl e consensu s ha s 
grown u p tha t thos e who have permanently bee n deprived o f self-aware -
ness by cessation o f highe r brai n functionin g ca n b e allowed t o die . And 
the emphasi s o n th e highe r brai n ha s clearl y bee n drive n b y a  concer n 
for thos e qualitie s tha t mak e human s special . Th e case s upholding , o n 
various theories , th e withdrawa l o f divers e treatment s fro m thos e i n a 
persistent vegetativ e stat e ar e replet e wit h reference s t o thi s concern . I n 
the first  widel y reporte d cas e o f thi s type , tha t involvin g Kare n An n 
Quinlan, th e cour t stresse d medica l testimon y tha t Ms . Quinla n wa s 
"totally unaware, " an d sh e lacke d thos e brai n function s tha t ar e 
"uniquely human." 150 I n its seminal 198 6 Brophy  decision , the Suprem e 
Judicial Cour t of Massachusetts , in allowing removal of a  tube providin g 
food an d water from a n individual i n a persistent vegetative state, argued 
that i n suc h case s "th e burde n o f maintainin g th e corporea l existenc e 
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degrades th e ver y humanit y i t wa s mean t t o serve." 151 I n 1988 , th e 
court i n Gray  v.  Romeo,  presente d wit h th e sam e fact s a s Brophy, 
reached the same conclusion: "Th e facts i n [this ] case support the findin g 
that [th e patient ] woul d conside r tha t effort s no w t o sustai n he r lif e 
demean he r humanity." 152 

At the same time , a wide variety o f ethicist s have also concluded tha t 
the absence o f highe r brai n function s deprive s individual s o f thei r essen -
tial humanity. 153 Man y o f thes e writer s woul d no t onl y allo w th e with -
drawal o f treatmen t fro m suc h individuals , the y woul d declar e th e indi -
viduals dead. 154 Ther e i s a  remarkabl e agreemen t i n thes e writing s o n 
the essentia l importanc e o f huma n self-awareness . Moreover , thi s vie w 
grew u p ver y quickl y afte r moder n development s i n medica l technolog y 
made i t possibl e t o suppor t th e bod y whe n th e brai n wa s dead . Recal l 
that th e a d ho c Harvar d committe e issue d it s initia l cautiou s repor t o n 
determining brai n deat h i n 1968 . Veatch , himsel f a  supporte r o f th e 
higher brai n definitio n o f death, 155 report s tha t i n 197 0 whe n Henr y 
Beecher was aske d wha t wa s essentia l t o the definition o f huma n life , h e 
replied simply , "Consciousness." 156 Sinc e that tim e severa l philosopher s 
discussing death hav e identified th e essentia l huma n characteristi c a s the 
consciousness an d self-awarenes s tha t reside s i n th e highe r brain . I n 
1975, William Charro n argue d fo r a  "psychologica l definitio n o f death " 
that focuse d o n "irreversibl e los s o f al l consciousness." 157 Fiv e year s 
later, Michael Gree n an d Danie l Wikler contended tha t becaus e persona l 
identity doe s not survive death o f the conscious brain , such death consti -
tutes deat h o f th e person. 158 I n 1981 , Alle n Buchanan , relyin g o n a 
"cognitivist" concep t o f lif e tha t turn s i n larg e measur e o n "self-aware -
ness," conclude d tha t a  highe r brai n definitio n o f deat h wa s "inescap -
able."159 Finally , i n 1986 , a  la w professor , Davi d Randolp h Smith , 
argued tha t th e lega l definitio n o f deat h shoul d b e "neocortica l death " 
because of th e "centralit y o f consciousnes s an d cognitio n a s the quintes -
sential attribute s o f human life." 160 

Although Smit h ma y have lost the legal battle , his views have won th e 
war. As we have seen , an individua l i n a  persistent vegetative state is not 
legally dead (becaus e the whole brain i s not dead) , but treatment, includ -
ing artificiall y introduce d foo d an d water , wil l almos t inevitabl y b e 
removed fro m tha t individua l unti l lega l death take s place.161 Indeed , a n 
outsider t o ou r societ y woul d b e justified i n concludin g tha t i n practice , 
if not i n our codes , we trea t thos e with a n irreversibl e los s of conscious -
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ness as dead. We do no t immediately bur y them, bu t immediat e buria l i s 
not ou r practic e i n man y cases . Whe n a  hospitalize d individua l o n a 
respirator suffer s a  fata l hear t attac k w e d o no t bur y tha t perso n wit h 
the respirato r running—w e remov e the respirator , w e wait fo r relatives , 
we mak e arrangements. 162 I n our cultur e ther e ar e mora l constraint s o n 
our conduc t towar d thos e wh o ar e n o longe r living. 163 A n outside r 
might conclud e tha t whe n a n individua l i s dead becaus e o f a  permanen t 
loss o f consciousness , ou r custom s requir e a  solem n determinatio n 
that th e los s ha s take n place , a  remova l o f feedin g tubes , an d the n a 
burial. 

The U.S . Suprem e Court' s much-publicize d decisio n i n Cruzan  v. 
Director, Missouri  Department  of  Health 164 di d no t en d thi s trend . Th e 
Court, i n Cruzan,  allowe d th e stat e o f Missour i t o insis t ther e b e clea r 
and convincin g evidenc e o f a n individual' s inten t befor e foo d an d wate r 
is terminated whe n someon e i s in a  persisten t vegetativ e state . This wa s 
seen b y some a s a  setback fo r th e "righ t t o die " becaus e i t prevented fo r 
a tim e th e terminatio n o f treatmen t fo r Nanc y Cruzan . Bu t onl y fo r a 
time. Afte r th e Suprem e Court' s decision , Cruzan' s parents , presentin g 
new evidenc e tha t Nanc y woul d no t hav e wante d treatmen t i n he r 
current state , petitioned th e Missour i court s t o remov e he r feedin g tub e 
on th e groun d tha t th e evidenc e o f he r inten t wa s no w clear . Thei r 
petition wa s granted , th e tube was removed , an d Nanc y Cruza n died. 165 

Thus eve n unde r a  demandin g lega l standard , ou r cultur e continuall y 
opts fo r th e centrality o f consciousness . 

But wha t i f a  consensu s develope d i n ou r societ y tha t computer s ar e 
indeed self-awar e i n th e sam e sens e a s humans? I t i s unlikely t o happe n 
in th e foreseeabl e future , bu t suc h a  consensu s migh t aris e someda y 
concerning digita l computer s o r i t might accompan y th e developmen t o f 
other machines , suc h a s those discusse d b y Searle , Penrose, o r Edelman . 
Perhaps i f tha t da y eve r come s w e woul d finally  ceas e tryin g t o find 
distinctions betwee n ourselve s an d ou r machines. 166 

Western histor y suggests , however , tha t w e woul d no t giv e i n s o 
easily.167 More likely , we will reac t by seeking some new trai t we do no t 
share wit h consciou s computers . I f th e artificia l hear t di d no t phas e u s 
for long , perhaps th e artificia l min d will  no t either . On e candidat e fo r a 
uniquely huma n characteristi c beyon d self-awarenes s i s alread y avail -
able. Some ethicist s hav e describe d th e capacit y fo r socia l interactio n a s 
an essentia l huma n trai t tha t i s ver y differen t fro m mer e conscious -
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ness.168 Thi s capacit y i s centra l t o on e observer' s vie w o f wh y playin g 
chess wit h th e grandmaste r progra m Dee p Though t i s no t th e sam e a s 
playing wit h a  human : 

My fathe r taugh t m e ches s whe n I  wa s si x o r seve n year s old . W e playe d 
often durin g winter s whe n littl e wor k coul d b e don e a t th e farm . Comfortabl y 
encamped i n fron t o f th e living-roo m stove , a  large bowl o f freshl y poppe d cor n 
nearby, w e engage d i n morta l comba t a s sno w fel l outsid e an d col d wind s 
howled. 

I jus t canno t envisio n s o relaxin g an d enjoyabl e a  scen e wer e Dee p Thought' s 
monitor substitute d fo r m y father . 

More recently , o n th e evenin g I  learne d m y grandparent s wer e seriousl y ill , a 
friend invite d m e t o pla y ches s s o I  would no t hav e t o b e alon e jus t then , bu t 
also wouldn' t b e compelled t o talk muc h i f I  didn't fee l lik e it . 

"Deep Thought " i s incapable o f a  simple ac t o f friendshi p an d kindnes s suc h a s 
that. No r coul d th e machin e hav e give n m e th e emotiona l suppor t I  needed a t 
that difficul t time . 

Give m e .  . . mer e mortal s .  . . with who m t o pla y chess—fo r th e simpl e plea -
sures b y which the y enric h m y life—win , lose , or stalemate . Surel y th e machin e 
has not been no r eve r can b e invented t o improve upon that. 169 

Thus computer s forc e u s t o se e ches s playing , onc e regarde d a s a 
remarkable intellectua l fea t focusin g o n introspectio n an d intuition , a s 
really a n occasio n fo r huma n interaction . Eve n i f Dee p Though t know s 
it i s playin g chess , i t i s no t goo d a t discussin g ho w it s huma n opponen t 
feels abou t th e game . A t leas t unti l computer s ar e buil t tha t ca n provid e 
solace fo r humans , thi s ste p woul d giv e u s som e psychologica l distanc e 
from machines . Bu t i f w e kno w anythin g fro m recen t history , movin g 
the essenc e o f humanit y i n thi s directio n coul d hav e profoun d implica -
tions fo r th e lega l definitio n o f death . I f computer s pus h ou r sens e 
of uniquenes s awa y fro m self-awarenes s towar d socia l interaction , th e 
definition o f deat h ma y eventuall y follow . Th e groundwor k ha s alread y 
been la id—withou t referenc e t o machin e self-awareness , la w revie w 
articles hav e alread y propose d tha t huma n interactio n shoul d supplan t 
mere consciousnes s a s th e lega l standar d fo r life . Kevi n Quin n suggest s 
that th e definitio n o f lif e shoul d b e se t a t a  "threshol d .  .  .  highe r tha n 
minimal consciousness" : th e standar d supporte d i s " a minimu m capac -
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ity fo r interpersona l relationships." 170 Whe n tha t capacit y i s irretriev -
ably lost , life-sustainin g treatmen t ma y b e removed. 171 Nanc y Rhode n 
contends tha t whe n "analysi s o f th e patient' s capacitie s show s tha t sh e 
[he] i s unable t o enjo y th e distinctl y huma n pleasure s o f relatin g t o he r 
[his] environment an d t o others , then famil y discretio n i s warranted [o n 
whether t o en d treatment]." 172 Rhode n state s explicitl y tha t suc h pa -
tients hav e capacitie s beyon d thos e o f a n individua l i n a  persisten t 
vegetative state. 173 

The adoptio n o f thes e view s i s muc h mor e likel y t o com e abou t i f a 
consensus grow s tha t computer s hav e self-awareness . O f course , suc h a 
consensus, i f i t developed a t all , would gro w slowl y an d woul d neve r b e 
complete. Absolut e proo f tha t anothe r huma n i s self-aware , le t alon e 
a machine , i s no t available ; consciousnes s i s intrinsicall y a  subjectiv e 
phenomenon. Bu t we treat othe r human s a s though the y were consciou s 
and w e may com e to ac t tha t wa y toward certai n machines . I t would b e 
a gradual proces s as we came to think o f particular device s as not merel y 
doing thing s bu t a s knowin g the y wer e doin g things . A s w e hav e seen , 
nothing tha t Searle , Penrose , o r Edelma n propose s suggest s tha t ma -
chines generall y mus t lac k self-awareness . I f consciousnes s i s merel y a 
product o f a  machine—indeed , if , a s Searl e himsel f says , consciousnes s 
is to brain s a s digestio n i s to stomachs 174—consciousness wil l com e t o 
be viewed a s n o mor e specia l fo r th e definitio n o f lif e tha n breathin g o r 
circulating blood . 

A diminishe d sens e o f th e uniquenes s o f consciousnes s an d a  corres -
ponding broadenin g o f th e categor y o f thos e regarde d a s dea d woul d 
also happe n gradually , a s change i n the la w generall y does . Most likely , 
we woul d begi n b y continuin g t o cal l thos e wh o lac k th e capacit y fo r 
social interactio n alive , while we remove thei r mean s o f existence , a s we 
have don e fo r thos e wh o lac k consciousness. 175 Bu t howeve r gradually , 
the trend could move in this direction. There are after all , other pressure s 
pushing towar d th e sam e end ; man y hav e lon g predicte d o r feared , fo r 
example, tha t socia l wort h an d economi c consideration s coul d forc e 
withdrawal o f treatmen t fro m il l geriatri c patients. 176 W e no w mus t 
recognize tha t th e emergenc e o f a n increasingl y rarifie d sens e o f wha t i t 
is t o b e huma n coul d hav e th e sam e impact . Indeed , thi s ne w pressur e 
could prov e t o b e th e mos t important . On e ca n argu e rationall y abou t 
the socia l justic e issues involved i n deciding which peopl e ar e entitled t o 
expensive treatment . Bu t when on e begin s t o vie w th e subject s o f treat -
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ment not a s people, but as indistinguishable fro m machines , the outcom e 
of the debate i s likely to be foreordained . 

A view o f wha t thi s futur e woul d loo k lik e is provided b y Quinn an d 
Rhoden's analysi s o f th e Conroy  case. 177 In Conroy,  th e Supreme Cour t 
of Ne w Jersey , th e cour t tha t decide d th e Quinlan  case , considere d 
whether a  feeding tube could b e removed fro m a n elderly brain-damage d 
woman wh o wa s hospitalize d wit h a  variet y o f seriou s permanen t ail -
ments an d wh o ha d a  limite d lif e expectancy. 178 Ms . Conro y coul d 
not spea k o r interac t wit h othe r people , bu t sh e appeare d t o retai n 
consciousness—she would , fo r example , scratc h herself , pul l a t he r 
bandages, an d smil e whe n he r hai r wa s combe d o r whe n sh e received a 
"comforting rub." 1 7 9 Th e cour t explicitl y note d tha t sh e wa s no t i n a 
persistent vegetativ e state. 180 The cour t conclude d tha t th e feedin g tub e 
could not be removed.181 Ms . Conroy had no t made clear that she would 
have wante d suc h a  result , no r wa s th e cour t satisfie d tha t th e burden s 
of he r lif e outweighe d th e benefit s o r tha t th e pai n o f he r lif e rendere d 
treatment inhumane. 182 

Quinn challenge s thi s resul t o n th e ground tha t becaus e an individua l 
in Ms. Conroy's situation canno t engage in "interpersona l relationships " 
she ha s "n o possibilit y o f persona l life " an d thu s ther e i s no obligatio n 
to maintain "biologica l life." 183 Rhode n explains her support fo r remov -
ing Ms . Conroy' s feedin g tub e i n somewha t differen t terms. 184 Ms . 
Conroy, sh e suggests , i s no t "abl e t o experienc e o r enjo y life." 185 Th e 
court i n Conroy,  whe n i t sai d feedin g coul d no t b e terminated , "i n 
essence reduce d Ms . Conroy , o r th e perso n tha t sh e was , t o a n objec t 
that passivel y experience d physica l sensations." 186 I t i s easy t o se e ho w 
this vie w woul d gai n strengt h fro m th e developmen t o f machine s w e 
regard a s self-aware . Viewin g Ms . Conroy , a  consciou s individual , a s 
"an object " i s a  tendenc y tha t ca n onl y b e strengthene d whe n w e hav e 
"objects," suc h a s thinking machines , that w e view as conscious. 

Scientific developments , a s w e hav e seen , d o no t alway s lea d i n a 
direct an d obviou s wa y t o practica l applications. 187 Whe n Einstei n first 
developed th e specia l theory o f relativit y h e had n o idea i t would lea d t o 
nuclear power. 188 Th e impac t o f scienc e o n la w i s eve n mor e comple x 
and uncertain . Bu t i t i s n o les s real . Development s i n artificia l intelli -
gence coul d chang e no t onl y th e machine s w e use , bu t ou r view s o f 
ourselves. An d whe n thos e view s change , ou r view s o f th e prope r lega l 
standards fo r lif e and deat h coul d change a s well. 
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The impact o f artificia l intelligenc e on lega l doctrine i s not a s obviou s 
as th e impac t o f a  medica l innovation , suc h a s th e heart-lun g machine . 
But i t i s no t jus t medica l device s tha t produc e lega l change . Darwin' s 
theory o f evolutio n ha d a  dramati c impac t o n th e developmen t o f th e 
animal right s movement , a  movemen t tha t seek s change s i n th e law s 
governing th e treatmen t o f animals. 189 I n th e earl y par t o f thi s centur y 
psychoanalysis shape d development s i n th e insanit y defens e an d i n th e 
criminal la w generally. 190 Give n thi s history , artificia l intelligence—th e 
latest field  to challeng e humanity' s sens e of uniqueness—clearl y ha s th e 
potential t o shape the legal standard fo r death . 

There are , a s w e hav e noted , othe r factor s pushin g towar d a n en -
larged definitio n o f death . Th e enormou s cost s o f medica l treatmen t fo r 
the elderl y an d sic k may , fo r example , mov e society i n tha t direction. 191 

In a n issu e arisin g a t th e beginnin g o f life , i t ha s bee n argue d tha t 
anencephalic infants—thos e bor n wit h n o highe r brain , bu t wit h rudi -
mentary brainste m activity—shoul d b e declare d dea d s o tha t orga n 
donation will  becom e possible. 192 Bu t multipl e causatio n i s hardl y un -
usual i n th e law . Th e lega l change s involvin g anima l right s an d thos e 
involving th e insanit y defens e wer e no t solel y th e resul t o f Darwi n 
and Freud. 193 

It i s speculativ e a t bes t t o suppos e tha t w e will , i n fact , se e develop -
ments i n artificia l intelligenc e tha t will  alte r ou r vie w tha t huma n con -
sciousness i s unique , an d eve n mor e speculatio n i s necessary t o sugges t 
that thes e development s will  alte r ou r lega l standard fo r huma n life . Bu t 
this kin d o f speculatio n i s usefu l t o sho w wher e ou r publi c debat e i s 
going. At present our discussions of human consciousnes s ar e dominate d 
on on e sid e b y artificia l intelligenc e expert s wh o se e th e possibilit y o f 
consciousness i n digita l computers , an d o n th e othe r b y philosopher s 
and scientist s wh o believ e differen t artifact s woul d b e needed t o achiev e 
consciousness. Religiou s perspective s lin k huma n consciousnes s t o a 
nonorganic min d an d huma n uniquenes s t o a n immorta l soul, 194 bu t 
those perspective s ar e absen t i n thi s discourse . Moreover , i f publi c atti -
tudes chang e an d consciousnes s i s seen a s nothing special , i t wil l no t b e 
the faul t o f th e artificia l intelligenc e movemen t o r o f it s secula r oppo -
nents (suc h a s Searle , Penrose , an d Edelman ) i f thi s eventuall y lead s t o 
an expande d definitio n o f death . Thei r argument s ar e focuse d o n th e 
scientific capabilitie s o f machines . The y ar e no t discussin g lega l an d 
moral huma n obligations . I t i s not thei r faul t i f publi c silenc e elsewher e 
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allows scienc e t o carr y weigh t fa r fro m it s appropriat e jurisdiction . Le t 
this b e a n earl y warning—importan t value s ar e a t stake . The definitio n 
of deat h an d th e sanctit y o f huma n lif e shoul d no t tur n o n whethe r a 
digital compute r o r an y othe r devic e appear s t o b e conscious . But , 
farfetched a s it may seem, that i s a risk we currently run . 



• T  E  N  • 

Conclusion 

The relationshi p betwee n la w an d scienc e i n Americ a ca n no w b e sum -
marized. Basi c research flourishes  unde r th e contro l o f basi c researchers . 
This i s no t becaus e scienc e i s "free  o f lega l control, " bu t becaus e th e 
legal syste m w e hav e give s powe r t o th e scientifi c community . Withou t 
the protection s i n th e Constitutio n an d statutes , ou r pee r revie w syste m 
scattered ove r score s of agencie s an d hundred s o f universitie s woul d no t 
exist. Under ou r laws , effective contro l o f who receive s research fundin g 
lies with scientists , not with electe d official s o r judges . 

Moreover, ou r lega l system shield s science from religion , a traditiona l 
rival. Religiou s doctrin e canno t preven t th e teachin g o f scienc e i n th e 
public schools . Ou r law' s toleranc e fo r religiou s diversit y prevent s th e 
emergence of a  dominant religiou s perspective even in the private sphere . 
Indeed, th e favorabl e lega l positio n o f scienc e ha s contribute d t o a 
situation i n which scienc e play s a n unusuall y larg e rol e i n publi c debat e 
on values. 

With technology , th e tables ar e turned. No w th e lega l system stresse s 
adversary-style setting s i n whic h divers e voice s ar e heard . Th e lawyers ' 
process norm s dominate , an d th e progressiv e value s o f scienc e ar e jus t 
one poin t o f view , an d a  relativel y wea k on e a t that . Th e resul t i s th e 
regulatory gap . Idea s tha t wer e outstandin g fro m a  scientifi c poin t o f 
view ar e no t automaticall y idea l fro m a  socia l perspective . Th e conse -
quences rang e fro m a  sligh t slowdow n i n area s lik e compute r softwar e 
to a  dramati c hal t i n fields  like nuclea r fission.  An d th e futur e promise s 
more o f th e same . S o long a s ou r product s ar e incubate d i n a  settin g i n 
which scientifi c norm s dominat e an d bor n int o a  worl d i n whic h lega l 
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norms reign , smoot h transition s wil l b e th e exceptio n rathe r tha n th e 
rule. 

The mai n forc e workin g t o narro w th e regulator y ga p i s th e scienc e 
counselor. I n recent years scientists have increasingly becom e aware tha t 
social consequence s mus t b e looke d a t mor e closel y i n th e researc h 
world. A s thos e consequence s begi n t o shap e thei r work , the y becom e 
science counselors . Budget s ar e n o longe r th e onl y importan t socia l 
reality for th e scientist. For the science counselor, health , safety, environ -
mental, an d intellectua l propert y concern s wor k thei r wa y eve r earlie r 
into th e researc h proces s itself . I t i s a  matte r o f self-defense : to o man y 
unhappy experience s with technology can lead to reduced public suppor t 
for scienc e o r t o somethin g eve n worse—contro l b y politician s an d 
lawyers ove r th e cours e o f research . Scienc e counselor s nee d no t b e 
famous o r eve n know n t o th e public ; a s tim e goe s by , mor e an d mor e 
ordinary scientist s becom e scienc e counselor s a s they tempe r thei r belie f 
in th e progressiv e norm s o f scienc e wit h th e goa l o f producin g sociall y 
acceptable technology . The y infus e thei r scientifi c wor k wit h socia l con -
cerns. 

What ca n an d shoul d b e changed i n this picture? Firs t of all , it is vital 
to not e tha t ou r goa l i s primaril y descriptive . Fo r bette r o r fo r worse , 
this i s th e wa y thing s are . Moreover , man y o f th e realitie s w e ar e 
describing ar e no t easil y changed . Th e lega l statu s o f scienc e an d tech -
nology i s deeply embedded i n our law s and customs . And n o one woul d 
lightly chang e a  syste m tha t doe s t o a  considerabl e exten t provid e free -
dom fo r researc h an d a n importan t measur e o f socia l contro l ove r 
technology. The process is often mess y and inefficien t bu t i t has much t o 
recommend it . 

The tw o mai n area s wher e chang e appear s possibl e an d worth y o f 
consideration concer n th e rol e o f scienc e i n publi c debat e ove r value s 
and the role of the science counselor . 

The powerfu l voic e o f scienc e i n matter s o f moralit y i s something o f 
an oddity . I t ca n perhap s b e bes t though t o f a s a n unintende d conse -
quence o f th e framers ' attitude s towar d religion , science , an d th e state . 
Preventing th e establishmen t o f religio n ha s neve r meant , eithe r hist -
orically o r i n court , tha t religiou s perspective s canno t b e expresse d i n 
public debate s ove r morality . Bu t thos e perspective s ar e hear d les s 
often tha n on e woul d expec t today , i n par t becaus e o f th e astonishin g 
diversity o f religiou s belief s i n America , an d i n par t becaus e o f a n 
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overgeneralization fro m judicia l decision s limitin g religiou s teaching s i n 
public schools . 

At the same time, the philosophical implication s o f scientifi c discover -
ies receive a  remarkabl e degre e o f attention . Scienc e i s virtually th e las t 
bastion o f th e optimistic , progressive par t o f th e American ethos . And i t 
is eas y fo r everyon e t o sli p carelessl y fro m th e descriptiv e powe r o f 
science t o prescriptions . Geneti c engineerin g make s transformation s i n 
the huma n specie s theoreticall y possibl e bu t tha t doe s no t mea n thos e 
transformations ough t t o b e made . Becaus e a  ne w energ y sourc e make s 
abundance theoreticall y possibl e doe s no t mea n tha t abundanc e shoul d 
be an end i n itself . Traditional religiou s an d mora l leader s have much t o 
say abou t essentia l feature s o f th e huma n endeavor . Ther e i s no reaso n 
in law o r logi c that thei r voice s should no t b e heard a t leas t a s loudly a s 
the voices announcing th e latest scientifi c breakthrough . O f course , any -
one i s fre e t o argue , an d som e do , tha t scienc e i s al l ther e is ; tha t 
morality, i f i t exists , can onl y b e discussed i n evolutionar y o r biologica l 
terms. But i f the fre e marketplac e o f idea s means anything , i t means ou r 
national debat e can include other perspectives a s well. 

But wherea s scienc e play s a  surprisingl y larg e rol e i n discussion s 
about ou r mora l natures , the regulatory ga p assure s tha t th e technolog y 
it spawn s ofte n doe s no t liv e u p t o advanc e billing . Thu s a n increasin g 
number o f science counselors an d a n increasing role for thos e counselor s 
in shaping research i s a likely outcome of our curren t situation . 

Are ther e alternative s fo r narrowin g th e regulator y gap ? Ther e ar e 
calls b y governmen t an d industria l leader s fo r researc h tha t i s mor e 
relevant, mor e goa l directed . Bu t ther e hav e alway s bee n suc h calls . A t 
times, particularly i n carefully targete d areas , they ca n b e effective with -
out endangerin g th e researc h enterprise . Bu t ther e i s a  limi t t o th e 
effectiveness o f thi s approach . Th e point o f the regulatory ga p i s that o n 
the scienc e side , th e scientifi c establishmen t ha s th e bul k o f th e power . 
Outsiders, whethe r the y ar e lawyers , politicians , busines s leaders , o r 
former scientist s workin g fo r others , canno t presentl y exercis e effectiv e 
control ove r th e researc h process . An d ver y fe w people , whethe r scien -
tists o r not , wan t t o scra p the peer review , consensus-oriente d approac h 
run b y th e scientifi c communit y tha t no w dominate s th e researc h land -
scape. I t ha s simpl y bee n to o successfu l i n doin g science , an d ther e i s 
simply to o muc h o f a  chanc e tha t nonscientist s woul d d o wors e fro m 
every perspective. 
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This i s why th e science counselors ar e so important . Becaus e they ar e 
part o f th e researc h establishment , the y migh t plausibl y hav e a n actua l 
impact o n scientifi c work . S o w e mus t loo k mor e closel y a t th e impac t 
they could hav e and whethe r tha t impac t i s desirable. 

The first  questio n i s whether scienc e counselors , with thei r interes t i n 
social considerations , coul d reall y chang e th e natur e o f th e scientifi c 
endeavor. I n othe r words , ca n socia l consideration s actuall y affec t th e 
ethos o f science , o r wil l the y neve r b e anythin g mor e tha n a  se t o f 
outside constraint s impose d o n scientist s an d resiste d accordingly ? 

Traditional scientist s may well doubt that socia l issues can ever deflec t 
serious scientist s fro m th e joy of thei r work . I t is true that scientist s hav e 
always grumble d abou t bureaucrati c pape r shuffling , administrativ e re -
sponsibilities, an d budge t meeting s keepin g the m fro m th e lab . Bu t a n 
increasing concer n wit h broade r socia l issue s may b e different. No t onl y 
is i t importan t t o th e progres s o f science , i t i s an attractiv e activity . Th e 
challenge o f balancin g researc h progres s wit h a  heavier-than-usua l dos e 
of socia l implication s ca n b e seductive . Lawyer s kno w thei r wor k i n 
shaping socia l decision s i s often fascinating . Scienc e counselor s discove r 
the same thing. 

It is hard t o predict the impact o f growing socia l consciousnes s o n th e 
doing of science . This i s in part becaus e we are no t talkin g abou t a n all -
or-nothing situation . Ther e ha s alway s bee n a  continuu m o n whic h 
researchers hav e varie d i n th e exten t tha t thei r wor k reflect s a  concer n 
for th e outsid e world . Bu t wherea s th e pat h fro m pur e scientis t t o 
science counselo r ha s bee n gradual , a  grea t distanc e ha s bee n traversed . 
Vannevar Bush' s classi c 194 5 report , Science,  The  Endless  Frontier, 
which helpe d shap e the modern researc h establishment , sai d th e govern -
ment should fun d "th e fre e pla y of fre e intellects , working on subject s o f 
their ow n choice , i n th e manne r dictate d b y thei r curiosit y fo r explora -
tion o f th e unknown. " 1 That approac h woul d no w appea r foolhard y t o 
many researchers . 

Let u s highligh t th e potentia l impac t o f curren t trend s b y speculatin g 
about a  futur e researc h environmen t utterl y dominate d b y thoroughgo -
ing scienc e counselors . I n suc h a  world , th e ethi c o f sociall y acceptabl e 
progress woul d permeat e al l research . I n othe r words , basi c researc h 
would n o longer represent one of two cultures—law an d science—vyin g 
for dominanc e i n ou r society . N o longe r woul d scienc e embod y a  belie f 
in th e progressiv e growt h o f knowledg e tha t stand s i n shar p contras t 
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with th e law' s process-oriented belie f i n the peaceful resolutio n o f socia l 
disputes. Th e scienc e counselo r woul d represen t on e cultur e i n whic h 
progress an d process have merged int o an ethic of socia l progress . 

There ar e gain s i n thi s scenario—th e regulator y ga p woul d b e nar -
rowed i n th e shor t run , meanin g tha t appropriat e technolog y woul d b e 
available more efficiently. Bu t there are costs as well, because a complet e 
triumph o f th e scienc e counselo r woul d no t b e consisten t wit h produc -
tive science in the long run . 

Traditional scienc e marche s forward , spurre d b y th e goa l o f prior -
ity—the desir e to b e the firs t t o add a  particular bi t o f knowledge to th e 
cumulative store . Eve n mission-oriente d scientist s hav e absorbe d thi s 
ethic fro m th e pure scientists . The scienc e counselor , however , wil l b e a 
mission-oriented scientis t wh o absorb s th e ethi c o f socia l progress , 
where prioritie s ar e unclear , knowledg e i s no t alway s cumulative , an d 
progress itsel f i s an ill-defined term . Indeed scienc e counselors, by engag-
ing i n sociall y directe d research , ma y overloo k som e o f th e entirel y 
unexpected development s tha t spu r so much o f science . 

Science counselor s gre w i n influenc e precisel y becaus e th e scientifi c 
notion o f progres s doe s no t perfectl y matc h society' s desires . O n th e 
other hand , societ y doe s no t wan t t o shu t of f th e flo w o f scienc e com -
pletely; i t want s t o pic k an d choos e amon g scientifi c development s an d 
use o r shap e thos e i t likes . I t i s difficul t t o hav e i t bot h ways . Becaus e 
society's effort s t o shap e scienc e ar e likel y t o b e clumsy , scientist s ar e 
forced t o temper thei r ow n work . I n so doing they graduall y chang e th e 
culture o f science . As one leadin g commentato r ha s pu t it , scientists , i n 
order t o forestal l governmen t intervention , mus t sometime s "d o wha t 
most woul d conside r a  for m o f blasphemy : giv e u p th e research." 2 A 
scientific worl d utterl y dominate d b y science counselors would tak e tha t 
step far too often . 

Science counselor s diffe r i n degree , no t i n kind , fro m th e budge t o r 
profit consciou s scientist s wh o wor k i n governmen t o r privat e labora -
tories, but that is hardly reassuring. If scientists cared only about budget s 
and profit s ther e woul d b e littl e lef t o f science . Th e sam e i s tru e i f 
scientists cared onl y abou t environmental , health, and safet y issues . 

In othe r words , i t i s not regulatio n tha t mos t directl y threaten s mod -
ern science . There i s no arm y o f litigator s o r environmentalist s o r paci -
fists a t th e laborator y door . Lega l restraint s toda y com e primaril y afte r 
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research leave s th e laboratory . La w doe s no t threate n scienc e throug h 
the lega l contro l o f basi c research ; i t threaten s scienc e throug h th e 
adoption o f lega l norm s b y basi c researchers . Bridgin g th e regulator y 
gap require s tha t scienc e b e shape d t o socia l ends , an d scientist s ar e 
better abl e to d o tha t tha n anyone . The scienc e counselor seek s to avoi d 
wasteful regulatio n b y bringin g scienc e i n lin e wit h reasonabl e socia l 
goals. I n doin g so , however , thos e wh o woul d sav e science , threaten it . 
The dange r i s tha t scienc e wil l b e love d t o death , smothere d i n th e 
embrace of socia l considerations . 

But w e hav e bee n speculatin g abou t a  researc h worl d utterl y domi -
nated b y scienc e counselors . Th e lesso n i s tha t suc h a  worl d i s no t 
desirable. Th e emergenc e o f scienc e counselor s nee d no t presag e th e 
extinction o f traditiona l science . I t i s i n th e interest s o f th e scientifi c 
community an d th e publi c a t larg e tha t w e alway s retai n a  prominen t 
place for those pure scientists who care first and foremost abou t science' s 
progress, no t it s implications . I t ma y see m ironi c tha t s o soo n afte r 
scientists wer e urge d t o embrac e socia l concern s the y ar e bein g warne d 
not to go too far , bu t the warning i s apt . 

The influenc e o f scienc e counselor s i n th e scientifi c communit y i s 
likely t o b e fa r mor e pervasiv e tha n mos t scientist s realize . Fortunately , 
there i s n o logica l reaso n scienc e counselor s canno t coexis t wit h tradi -
tional pur e scientists , s o lon g a s ther e ar e enoug h o f th e latte r i n th e 
scientific community . Give n al l o f th e pressure s forcin g scienc e int o a 
socially acceptabl e mold , i t i s worthwhil e t o assur e tha t enoug h tradi -
tional pur e scienc e survives . I t is , afte r all , i n society' s interes t t o spen d 
at leas t som e mone y an d som e toleranc e o n th e unalloye d searc h fo r 
testable hypotheses . Th e pat h o f scientifi c progres s i s sufficiently uncer -
tain tha t societ y should tak e the chance on a  surprisingly usefu l develop -
ment. An d knowledg e fo r it s ow n sake , althoug h i t shoul d no t b e ou r 
only value, can nonetheles s b e treasured. Scienc e counselors a t thei r bes t 
will balanc e socia l an d scientifi c values . I f representative s o f th e latte r 
fade away , scienc e counselor s ma y no t b e abl e t o kee p a  meaningfu l 
scientific perspectiv e o f an y kind . Accordingly , ever y onc e i n a  while , 
amidst th e discussion s o f ho w scientifi c development s ca n serv e th e 
world, a  wor d shoul d b e sai d abou t ho w scientifi c development s ca n 
serve science. 

So in the end, our imperfec t realit y can only be improved i n imperfec t 
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ways. A  heavie r dos e o f socia l concer n i s comin g int o th e scientifi c 
world, and , i f tha t dos e remains a  limited par t o f th e researc h endeavor , 
it can perfor m a  valuable service in narrowing th e regulatory gap . There 
are n o exac t standard s availabl e here , bu t a  clea r understandin g o f 
law an d scienc e i n America n lif e make s step s i n th e righ t directio n 
more likely. 
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TER TO THE STUDENT WILLIAM G . MUNFORD (Julia n P . Boyd, ed. , 
1964). See also Dr. Isaiah Bowman, Jeffersonian "Freedom  of Speech" from 
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Levy, Jefferson  as  a  Civil  Libertarian,  in  THOMA S JEFFERSON : TH E 
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MENT: A  HISTOR Y O F POLICIE S AN D ACTIVITIE S T O 194 0 14 , 15 , 
293, 29 4 (1957) . Madison undoubtedl y recalle d that , when h e and Pinckne y 
moved a t the Constitutiona l Conventio n t o give Congress power t o create a 
national university , Gouverneu r Morri s replied , "I t i s no t necessary . Th e 
exclusive powe r a t th e sea t o f government , wil l reac h th e object. " Th e 
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constitutional basis , see  1 2 Stat. 387-8 8 (1862) , the appropriation s fo r th e 
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NOTES T O CHAPTE R 3  •  19 7 

Tassel &  Michae l G . Hall , eds. , 1966) . Becaus e Congres s create d th e 
colleges b y donatin g publi c lan d t o th e state s fo r tha t purpose , 1 2 Stat . 
503-5 (1862) , th e constitutiona l basi s fo r th e progra m wa s Congress ' 
power "t o dispos e of an d mak e al l needful rule s and regulation s respectin g 
the territor y o r othe r propert y belongin g t o th e Unite d States. " U.S . 
CONST, art . IV, § 3, cl. 2. See Charles K. Burdick, Federal Aid Legislation, 
8 CORNEL L L . Q . 324 , 324-2 7 (1923) ; Gordo n B . Baldwin , Law  in 
Support of  Science:  Legal  Control  of  Basic  Research  Resources,  5 4 GEO . 
L. J - 559 , 57 5 (1966) . Th e lan d gran t college s establishe d a n influentia l 
pattern o f federal-stat e cooperation . See,  e.g.,  Do n K . Price , The  Scientific 
Establishment, 3 1 GEO. WASH. L . REV. 713, 719-20 (1963) . 

99. See,  e.g., Reynold M . Wik, Science and American  Agriculture,  in  SCIENCE 
AND SOCIET Y I N TH E UNITE D STATE S 81,94 , 96-9 7 (Davi d D . 
Van Tasse l &  Michae l G . Hall , eds. , 1966) ; LUTHE R G . TWEETEN , 
FOUNDATIONS O F FARM POLIC Y 118-20 9 (1970) . 

100. 29 7 U.S. 1 (1936). 
101. Id.  a t 65-67 . 
102. See  Alexande r Hamilton , Report  on  the  Subject  of  Manufacturers,  in  1 

THE WORK S O F ALEXANDER HAMILTO N 226-3 6 (Ne w York , Wil -
liams &  Whiting , 1810 ) (Hamilto n supporte d pecuniar y reward s t o en -
courage manufacturers , includin g rewards fo r "ne w invention s and discov -
eries .  . . particularly thos e whic h relat e t o machinery.") ; 29 7 U.S . at 66— 
67. The Cour t als o cite d Justice Story' s Commentaries,  whic h rel y i n par t 
on the Hamiltonian discussio n o f premiums. Id.  a t 66.  2  JOSEPH STORY , 
COMMENTARIES O N TH E CONSTITUTIO N O F TH E UNITE D 
STATES 38 9 n. 2 (Boston , Hilliard , Gray d &  Co. , 1833) . Late r decision s 
have treate d Butler  a s settlin g th e disput e ove r th e spendin g powe r i n 
Hamilton's favor . See,  e.g.,  Buckle y v . Valeo , 42 4 U.S . 1 , 90—9 1 (1976) ; 
Helvering v . Davis, 301 U.S. 619, 640 (1937) . 

103. Brie f fo r th e Unite d States , Unite d Sate s v . Butler , a t 135 , 153 , 157-5 9 
(1936HN0. 401) . 

104. 29 7 U.S. at 65 . 
105. See  IRVIN G BRANT , JAMES MADISON : FATHE R O F TH E CONSTI -

TUTION 331-3 2 (1950) ; see  also  1  ANNAL S O F CONGRES S 17 1 
(1789). 

106. Moreover , th e Suprem e Cour t allow s Congres s considerabl e discretio n i n 
determining wha t program s serv e the genera l welfare . See,  e.g.,  Buckle y v . 
Valeo, 424 U.S . 1 , 90-91 (1976) ; Helvering v . Davis, 301 U.S . 619, 640 -
41 (i937) -

107. See,  e.g.,  Charle s V . Kidd , American Universities  and  Federal  Research,  in 
THE SOCIOLOG Y O F SCIENC E 394 , 40 0 (Bernar d Barbe r &  Walte r 
Hirsch, eds. , 1962) . Th e majo r stat e scienc e activitie s i n th e nineteent h 
century, geologica l an d geographi c surveys , a t time s compete d wit h th e 
federal governmen t fo r th e service s o f leadin g scientists . A . HUNTE R 



198 •  NOTE S T O CHAPTE R 3 

DUPREE, SCIENCE IN THE FEDERA L GOVERNMENT: A  HISTOR Y 
OF POLICIES AND ACTIVITIE S TO 194 0 92(1957) ; Howar d S . Miller , 
The Political Economy  of  Science, in NINETEENTH CENTUR Y AMERI-
CAN SCIENCE : A  REAPPRAISA L 10 0 (Georg e H . Daniels , ed. , 1972) ; 
GEORGE H. DANIELS, AMERICAN SCIENCE IN THE AGE OF JACK-
SON 2 1 (1968) . Bu t even with th e surveys , federal-stat e cooperatio n wa s 
underway b y 1843 . See  DANIEL J. ELAZAR , TH E AMERICA N PART -
NERSHIP 255-5 9 (1962) . I n agriculture science , anothe r leadin g are a o f 
state science , federal-stat e cooperatio n wa s a  centra l featur e o f th e land -
grant college arrangement. See, e.g., Don K. Price, The Scientific Establish-
ment, 3 1 GEO . WASH . L . REV . 713 , 719-2 0 (1963) . See  also  A . 
HUNTER DUPREE , SCIENC E I N TH E FEDERA L GOVERNMENT : A 
HISTORY O F POLICIE S AN D ACTIVITIE S T O 194 0 15 0 (1957) ; 
GEORGE H . DANIELS , SCIENC E I N AMERICA N SOCIETY , 268-6 9 
( i 9 7 i ) -

108. Rober t V . Bruce , A  Statistical  Profile  of  American  Scientists  1846-1876, 
in NINETEENTH CENTUR Y AMERICAN SCIENCE: A REAPPRAISAL 
63, 94 (Georg e H. Daniels , ed., 1972) . 

109. A  survey of 195 4 scienc e spending in six state governments showed federa l 
spending fo r scienc e mor e substantia l i n bot h absolut e an d percentag e 
terms. FREDERI C N . CLEAVELAND , SCIENC E AN D STAT E GOV -
ERNMENT 2 4 (1959) . A  197 3 surve y o f al l state s showe d tha t thei r 
combined spendin g fo r science accounted fo r no more than 6. 5 percen t of 
national research and development expenditures at a time when the federal 
government accounte d fo r ove r 5 0 percen t o f thos e expenditures . NA -
TIONAL SCIENC E FOUNDATION , RESEARC H AN D DEVELOP -
MENT IN STATE GOVERNMENT AGENCIES viii (1975) . 

110. Basi c themes in post-Civil War political and economic thought are summa-
rized in David Donald , Uniting  the Republic,  in  THE GREAT REPUBLIC 
735-58 (Bernar d Bailyn, et al., eds., 1977) . 

i n . PAU L STUDENSK I &  HERMA N T . KROOS,  FINANCIA L HISTOR Y 
OF THE UNITED STATES 16 3 (2 d ed. 1963) . 

112. Th e disput e basicall y concerne d th e somewha t overlappin g function s o f 
the government's variou s survey agencies . Senator W. B . Allison headed a 
joint congressiona l commissio n tha t rejecte d th e ide a o f a  singl e Depart -
ment o f Science . A . HUNTE R DUPREE , SCIENC E I N TH E FEDERA L 
GOVERNMENT: A  HISTOR Y O F POLICIE S AN D ACTIVITIE S T O 
1940 215-31 (1957) -

113. Estimate s o f governmen t spendin g fo r researc h an d development , particu -
larly fo r th e year s befor e 195 3 whe n th e Nationa l Scienc e Foundatio n 
began collecting data , ar e both approximat e an d somewhat arbitrary . Se e 
MICHAEL D . REAGAN , SCIENC E AND TH E FEDERA L PATRO N 1 5 
(1969). Testimony befor e the Allison commission showed , in 1884 , spend-
ing o f abou t $300,00 0 b y th e Interio r Department' s Geologica l Survey , 
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about $600,00 0 b y the Treasury's Coas t and Geodetic Survey , and nearly 
$1 millio n b y th e Arm y Signa l Service , whic h wa s i n charg e o f meteorol -
ogy. Testimony,  Before  the  Joint  Commission  to  Consider  the  Present 
Organizations of  the  Signal  Service, et  ai,  Mis.  Doc.  No.  82,  49t h Cong. , 
1 st Sess. 47, 61 n.22 (1886) . In addition, 188 4 agriculture science spending 
was over $100,000. See  U.S. TREASURY, TREASURY DEFT DOC. NO. 
m i , ACCOUN T O F THE RECEIPT S AND EXPENDITURE S O F THE 
UNITED STATE S FO R TH E FISCA L YEA R ENDIN G JUN E 30 , 188 5 
41-42 (1888) . Simila r amount s wer e spen t on programs a s diverse as the 
conservation effort s o f th e Fis h commission an d public health researc h i n 
the military . See  A . HUNTE R DUPREE , SCIENC E I N TH E FEDERA L 
GOVERNMENT: A  HISTOR Y O F POLICIE S AN D ACTIVITIE S T O 
1940237,256-70(1957). 

114. See  A . HUNTE R DUPREE , SCIENC E I N TH E FEDERA L GOVERN -
MENT: A  HISTOR Y O F POLICIE S AN D ACTIVITIE S T O 194 0 215 -
31 (i957) . 

115. LOUI S L . JAFFEE 6 c NATHANIE L L . NATHANSON , ADMINISTRA -
TIVE LAW 12 (1976) ("I t is customary and appropriate to date the present 
era fro m th e creatio n o f th e Interstat e Commerc e Commissio n i n 1887 . 
. .  . The [commission ] broke new ground in the federal establishment." ) 

116. DO N K . PRICE, THE SCIENTIFIC ESTATE 35 (1965) . 
117. MICHAE L D . REAGAN , SCIENC E AN D TH E FEDERA L PATRON 1 5 

(1969). Historian s o f scienc e i n America ofte n hav e emphasize d th e rela -
tively limite d achievements , b y European standards , of nineteenth-centur y 
American science . See,  e.g., I . Bernard Cohen , Science  and the  Growth  of 
the American  Republic,  3 8 REV . POL . 359 , 370-8 4 (1976) . Scientifi c 
progress depend s o n mor e tha n constitutiona l structures ; historian s hav e 
contended tha t nineteenth-centur y Americ a wa s a  youn g countr y tha t a t 
times place d undu e emphasi s o n practica l a s opposed t o theoretica l proj -
ects. Id.  I n recen t year s reassessment s o f nineteenth-centur y America n 
science hav e begu n t o pain t a  somewha t differen t picture ; i n particular , 
increased recognitio n o f th e federa l government' s scienc e activitie s ha s 
revealed continuit y betwee n th e foundin g fathers ' lov e o f scienc e an d th e 
present federal science establishment. See,  e.g., Nathan Reingold,  Introduc-
tion, in  TH E NE W AMERICA N STAT E PAPER S I N SCIENC E AN D 
TECHNOLOGY n - 1 4 (1973) ; GEORG E H . DANIELS , SCIENC E I N 
AMERICAN SOCIET Y 21-2 6 (1971) ; Georg e H . Daniels , Introduction, 
in NINETEENTH CENTUR Y AMERICAN SCIENCE: A REAPPRAISAL 
vii (Georg e H . Daniels , ed. , 1972) ; Charles E . Rosenberg, On  Writing  the 
History of  American Science,  in THE STATE OF AMERICAN HISTOR Y 
184-85 (Herber t J. Bass, ed., 1970) . 

118. EXECUTIV E OFFICE OF THE PRESIDENT OF THE UNITED STATES, 
BUDGET O F TH E UNITE D STATE S GOVERNMENT : FISCA L YEA R 
199443-44(1993). 
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119. PRESIDENT S COUNCI L O F ADVISOR S O N SCIENC E AN D TECH -
NOLOGY, RENEWIN G TH E PROMISE : RESEARCH-INTENSIV E 
UNIVERSITIES AND THE NATION 3  (1992). 

120. Eve n those conservative s wh o woul d reduc e the federa l rol e in many othe r 
fields generall y suppor t federa l spendin g o n basi c scientifi c research . See 
CHARLES E . BARFIELD , SCIENTIFI C POLIC Y FRO M FOR D T O 
REAGAN: CHANG E AN D CONTINUIT Y xi-xii , 132-3 9 (1982) . 

121. GORDO N TULLOCK , PRIVAT E WANTS , PUBLI C MEAN S 114-3 1 
(1970). 

111. Dickson , Towards  a  Democratic  Strategy  for  Science,  SCI. FOR PEOPLE, 
July/Aug. 1984 , at 6 . 

113. Mille r v . California, 41 3 U.S . 15 , 34 (1973) . 
114. See  People v. Doubleday &  Co. , 197 N.Y. 687 , 77 N.E. id 6  (1947), aff'd 

(by equall y divide d Court) , 33 5 U.S . 84 8 (1948 ) (Wilson' s Memoirs  of 
Hectate County  obscene) ; Besi g v . Unite d States , 10 8 F.i d 14 1 (9t h Cir . 
1953) (Miller' s Tropic  of  Cancer  an d Tropic  of  Capricorn  obscene) . See 
generally Willia m B . Lockhart &  Rober t C . McClure , Literature,  the  Law 
of Obscenity,  and  the  Constitution,  3 8 MINN . L . REV . 195 , 343-4 8 
(i954)-

115. Tota l 199 3 appropriation s fo r th e art s throug h th e Nationa l Endow -
ment fo r th e Art s wer e approximatel y $17 5 million , makin g i t on e o f 
the smalles t federa l agencies . Josep h Fitchett , In  U.S.,  the  Economics  of 
Culture, INT' L HERAL D TRIB. , Oct . 30 , 1993 . State s als o contribut e 
to art s funding , wit h Ne w Yor k currentl y providin g roughl y $1 5 million . 
Id. 

116. See,  e.g.,  W . H . Adams , Public  Aid  for  the  Arts:  A  Change  of  Heartf,  in 
CULTURAL POLIC Y AN D ART S ADMINISTRATIO N 3  (Stephe n A . 
Greyser, ed. , 1973) ; Rober t Brustein , The  Artist  and  the  Citizen,  NE W 
REPUBLIC, June 14 , 1978 , at 13. 

117. D . NETZER, TH E SUBSIDIZE D MUS E 3  (1978) . O n th e transitio n fro m 
royal t o parliamentar y suppor t o f ar t i n Grea t Britai n i n th e nineteent h 
and twentiet h centuries , se e JANE T MINIHAN , TH E NATIONALIZA -
TION O F CULTURE (1977) . 

118. O n Naz i scienc e see ALAN D. BEYERCHEN, SCIENTIST S UNDER HIT -
LER 40-50 , 168-9 8 (1977) ; DANIEL S . GREENBERG, TH E POLITIC S 
OF PUR E SCIENC E 91-9 1 (1967) . O n th e Sovie t Unio n experienc e see 
BERNARD BARBER , SCIENC E AN D TH E SOCIA L ORDE R 81-8 3 
(I952-)-

119. See  Joshua Lederberg , The  Freedoms  and  Control  of  Science  Notes  from 
an Ivory Tower,  45 5 CAL . L. REV. 596-601 (1971) . 

130. Mille r v . California, 41 3 U.S . 15 , 34 (1973) . 
131. Buckle y v. Valeo, 414 U.S . 1, 13—19 (1976) . 
131. Id.  a t 16-17 . 
133. Id.  a t 135 , 146-5 1 (Burger , C . J. , concurrin g i n par t an d dissentin g i n 
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part); id.  a t 290-9 4 (Rehnquist , J. , concurrin g i n par t an d dissentin g 
in part). 

134. Id.  a t 248 ; but see  id. a t 93 , n.127. 
135. Id.  a t 9 7 n.131 . See  also  Mountai n State s Lega l Foundatio n v . Denve r 

School Dist . # 1 , 45 9 F . Supp . 35 7 (CD . Colo . 1978 ) (Firs t Amendmen t 
prohibits schoo l boar d fro m spendin g publi c fund s i n attemp t t o defea t 
proposed stat e constitutiona l amendment) ; Anderso n v . Boston, 38 0 N.E . 
2d 628 , 639 (Mass . 1978) , appeal dismissed,  43 9 U.S . 1059 (1979 ) ("Fair -
ness and th e appearance o f fairnes s [i n the election process ] ar e assured b y 
a prohibitio n agains t publi c ta x revenue s t o advocat e a  positio n whic h 
certain taxpayer s oppose.") . But  see  Laurenc e H . Tribe , Toward  a  Meta-
theory of  Free  Speech, 1 0 S. CAL. L. REV. 237 , 245 n.3 4 (1978) . 

136. Rus t v . Sullivan, 50 0 U.S. 173 , in S . Ct. 175 9 (1991) . 
137. Boar d o f Trustees of the Leland Stanfor d Junio r Universit y v . Sullivan, 77 3 

F. Supp . 47 2 (D.D.C . 1991) , appeal  dismissed  as  moot.  No . 91—539 2 
(D.C. Cir . 1992) . The cas e becam e moo t befor e th e appellat e cour t coul d 
decide i t when th e contract i n question ended . 

138. Id.  a t 477. 
139. Id.  a t 476 , n.13. 
140. Id.  a t 477. 
141. Id.  a t 477, 478. 
142. Id.  a t 478. 

Notes to  Chapter  4 

1. Nationa l Scienc e Foundatio n Ac t o f 1950 , Pub . L . no . 81-507 , 6 4 stat . 
149 (codified a s amended a t 42 U.S.C. §§ 1861-8 4 [1982]) . I presented a n 
earlier versio n o f portion s o f thi s chapte r i n Steve n Goldberg , The  Reluc-
tant Embrace:  Law  and  Science  in  America, 7 5 GEO. L. J. 134 1 (1987) . 

2. 4 2 U.S.C. §§ 1862(a)(1) ; 187 3 (1982) . 
3. Research-and-developmen t authorit y fo r th e Defens e Departmen t i s se t 

forth a t 1 0 U.S.C. §  2358 (1982) , and fo r th e Department o f Energ y a t 4 2 
U.S.C. §  7112(5 ) (1982) . Th e statutor y framewor k fo r th e researc h don e 
by th e variou s institute s (suc h a s th e Nationa l Cance r Institute ) tha t ar e 
part o f th e Nationa l Institute s o f Healt h i s described i n Grassett i v . Wein -
berger, 408 F . Supp. 14 2 (N.D . Cal . 1976) . 

4. Lincol n v . Vigil, 11 3 S . Ct. 202 4 (1993) . 
5. Id.  a t 2031. 
6. Lawrenc e Feinberg , Colleges  Bypass  Agencies  to  Get  Federal  Funds, 

WASH. POST, June 5 , 1984 , at Ai , col . 1 . 
7. Id.  Th e Post  articl e focuse d o n effort s b y Georgetow n an d Catholi c Uni -

versities to obtain mone y fro m Congress . For anothe r example , see Danie l 
S. Greenberg, Keyworth  and  Fuqua  Volley  on  Fork-Barrel  R&D,  SCI . & 
GOVT REP. , Oct . 1 , 1984 , a t 5  (describin g exchang e o f correspondenc e 
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wherein executive officia l allege d "narrowl y base d political considerations " 
used b y Congres s t o determin e locatio n o f federall y funde d compute r 
center). 

8. See,  e.g.,  JOSEP H P . MARTINO , SCIENC E FUNDING : POLITIC S AN D 
PORKBARREM1992). 

9. Pork:  It's  Academic,  WASH . POST, July 3 , 1993, at A22. 
10. OFFIC E O F TECHNOLOG Y ASSESSMENT , U.S . CONGRESS , FEDER -

ALLY FUNDE D RESEARCH : DECISION S FO R A  DECAD E 87-9 4 
( i 9 9 i ) -

n . Id.  a t 87 . 
12. Id.  a t 90 . 
13. Pork:  It's  Academic, WASH . POST, July 3 , 1993 , at A22. 
14. PRESIDENT S COUNCI L O F ADVISOR S O N SCIENC E AN D TECH -

NOLOGY, RENEWIN G TH E PROMISE: RESEARCH-INTENSIV E UNI -
VERSITIES AND THE NATION 2 4 (1992.) . 

15. JOSEP H P . MARTINO , SCIENC E FUNDING : POLITIC S AN D PORK -
BARREL 385 (1992) . 

16. Hig h en d estimate s b y th e Chronicle  of  Education  pu t "earmarking " i n 
1993 a t $76 3 millio n ou t o f a  researc h an d developmen t budge t o f $7 6 
billion. Cf.  Pork:  It's  Academic,  WASH . POST , July 3 , 1993 , a t A22, an d 
EXECUTIVE OFFICE OF THE PRESIDENT, BUDGET OF THE UNITED 
STATES GOVERNMENT: FISCA L YEAR 199 4 43 (1993) . 

17. JOSEP H P . MARTINO , SCIENC E FUNDING : POLITIC S AN D PORK -
BARREL 385 (1992) . 

18. BERNAR D SCHWARTZ, ADMINISTRATIVE LA W 41-52 (1991) . 
19. Industria l Unio n Dept. , AFL-CIO v. American Petroleum Institute , 448 U.S . 

607, 67 5 (198 ) (Rehnquist , J., concurring in the judgment). 
20. Th e quotatio n fro m Jefferso n come s fro m a  lette r h e wrot e t o Hug h Wil -

liamson. See  THE WORK S O F THOMA S JEFFERSO N 458-5 9 (Pau l L . 
Ford, ed., Knickerbocke r Press , 1904) . The evolution o f th e patent office i s 
described i n A . HUNTE R DUPREE , SCIENC E I N TH E FEDERA L GOV -
ERNMENT: A HISTORY OF POLICIES AND ACTIVITIES TO 194 0 1 1 -
14,46-47(1957). 

21. JUDIT H AREEN, ET AL., LAW, SCIENCE AND MEDICIN E 52 8 (1984) . 
22. DENNI S J . RILEY , 1  FEDERA L CONTRACTS , GRANTS , AN D ASSIS -

TANCE 207-211 (1983) . 
23. See  Joh n J . Grossbaum , Federal  Support  of  Research  Projects  Through 

Contracts and  Grants:  A  Rationale,  1 9 AM . U . L . REV . 423 , 42 7 (1970 ) 
(attempts t o distinguis h betwee n grant s an d contract s res t on characteriza -
tions that "ar e not particularly meaningful") ; Leroy Kahn, The Lawyer and 
the Scientific  Community:  Procuring  Basic  Research,  2 9 LA W & 
CONTEMP. PROBS. 631, 637 (1964 ) (termin g Defense Department' s man-
ner of letting military research by contract and letting research for "peacefu l 
purposes" via grants a "somewhat synthetic" distinction). 
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24. Kornhauser , for example, report s that a government scientist , speaking of a 
private firm with which he was working, said "thei r research people will try 
to ge t th e productio n peopl e t o accep t ou r ideas, " WILLIA M KORN -
HAUSER, SCIENTISTS IN INDUSTRY 18 4 (1962) . 

25. Steve n Goldberg , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion, 
68 GEO. L.J. 683 , 711 (1980) . 

26. Do n K . Price , Endless  Frontier  or  Bureaucratic  Morass?,  DAEDALUS , 
Spring 1978 , at 87. 

27. C . P. SNOW, THE TWO CULTURES AND A SECOND LOOK 1 7 (1963) . 
28. Steve n Goldberg , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion, 

68 GEO. L. J. 683, 707 (1980) . 
29. BERNAR D ROSHCO, NEWSMAKING 16 , 18-19 (1975) . 
30. WALTE R LIPPMAN, PUBLIC OPINION 34 1 (1950) . 
31. RICHAR D A. RETTIG, CANCER CRUSADE 300-302, 317-2 5 (1977) . 
32. Militar y Procuremen t Authorizatio n Act , Pub . L . No . 91-121 , §  203 , 8 3 

Stat. 204 , 20 6 (1969) . 
33. id. 
34. Militar y Procurement Authorization Act , Pub. L. No. 91-441 , §  203(a), 8 4 

Stat. 905, 906 (1970) . 
35. See  Stanton A. Glantz 6 c N. V . Albers , Department of  Defense R&D  in  the 

University, 18 6 SCIENC E 70 6 (1974 ) (limite d impac t o f th e Mansfiel d 
Amendment). 

36. See,  e.g., A . HUNTER DUPREE , SCIENCE IN THE FEDERAL GOVERN-
MENT: A  HISTOR Y O F POLICIE S AN D ACTIVITIE S T O 194 0 215 -
20(1957) . 

37. Calvi n Bellamy , Item  Veto:  Shield  against Deficits  or  Weapon  of  Presiden-
tial Power? 2 2 VAL. U. L. REV. 557, 55 8 (1988) . See also Steven Goldberg, 
Science Spending and  Seretonin,  in  THE NEUROTRANSMITTER REVO -
LUTION: SEROTONIN, SOCIAL BEHAVIOR AND THE LAW 222 (Rog-
ers D. Masters and Michael T. McGuire, eds., 1994) . 

38. See,  e.g., Paul R. Q. Wolfson, Is  a Presidential Item  Veto  Constitutional?  9 6 
YALE L.J. 83 8 (1987) . 

39. Hutchinso n v . Proxmire , 44 3 U.S . Il l a t 11 6 (1979) . See  also Steve n Gold -
berg, Controlling Basic  Science: The Case of Nuclear Fusion,  68 GEO. L. J. 
6 8 3 , 7 0 7 (1980) . 

40. See  generally  BERNAR D SCHWARTZ , ADMINISTRATIV E LA W 585 -
668 (2ded . 1984) . 

41. A  major opinion enunciatin g the modern rol e of court s in reviewing agenc y 
action i s Environmental Defens e Fun d v. Ruckelshaus , 43 9 F.2 d 58 4 (D.C . 
Cir. 1971) -

42. See  generally SHEIL A JASANOFF, THE FIFTH BRANCH: SCIENC E AD-
VISERS AS POLICYMAKERS 61-7 9 (1990) . 

43. Id. 
44. Id.  See  also Charle s McCutchen , Peer  Review: Treacherous  Servant,  Disas-



204 •  NOTE S T O CHAPTE R 4 

trous Master,  i n 9 4 TECH . REV . 2 8 (1991) ; Rosemar y Chalk , Impure 
Science: Fraud, Compromise,  and  Political  Influence  in Scientific Research, 
96 TECH. REV . 69(1993) . 

45. BRUC E L . R . SMITH , AMERICA N SCIENC E POLIC Y SINC E WORL D 
WAR I I 179-184 (1990) . 

46. Jenni e Moehlman n 6c  Juli e An n Miller , OSTP's  Gibbons  A  Favorite  on 
Capitol Hill,  4 3 BIOSCIENCE 39 4 (1993) . 

47. SHEIL A JASANOFF , TH E FIFT H BRANCH : SCIENC E ADVISER S A S 
POLICYMAKERS 61-8 3 (1990) . 

48. Id.  a t 62 (citing STEPHEN LOCK, A DIFFICULT BALANCE: EDITORIA L 
PEER REVIE W IN MEDICINE 4  [1985]) . 

49. See,  e.g.,  Danie l S . Greenberg , Case  against  Gallo  Faces  Tough  Appeals 
Process, 2 3 SCI. & GOV T REPT . 1 , 3-5 (1993) . 

50. Kletschk a v . Driver, 411 F.2 d 43 6 (2 d Cir . 1969) . 
51. Id.  a t 440—41. 
52. Id.  a t 439 . 
53. 5  U.S.C . §  70 2 (1982 ) ("perso n suffering  lega l wron g becaus e o f agenc y 

action, o r adversel y affecte d o r aggrieve d b y agenc y withi n th e meanin g o f 
a relevan t statute , i s entitle d t o judicia l review") . Th e Kletschka  cour t 
observed, however , tha t thi s righ t t o revie w doe s no t appl y "  't o th e exten t 
that .  . . [the ] actio n i s committed t o agenc y discretio n b y law. ' "  41 1 F.2 d 
at 44 2 (quotin g 5  U.S.C. §  701 [a] [1982]) . For a  late r interpretatio n o f thi s 
provision, see  Heckle r v . Chaney , 47 0 U.S . 821 , 832-3 3 (1985 ) (agenc y 
decision no t t o undertak e enforcemen t actio n presumptivel y unreviewable) . 
This provisio n wa s als o invoke d t o ba r revie w o f ho w a n agenc y spend s 
money fro m a  lump-su m appropriation . See  Lincol n v . Vigil , 11 3 S . Ct . 
2024 (i993) -

54. 41 1 F.2 d a t 443. 
55. Id.  a t 444 . 
56. Apte r v . Richardson , 36 1 F . Supp . 107 0 (N.D . 111 . 1973), rev'd,  51 0 F.2 d 

351 (7t h Cir . 1975) . 
57. Id.  a t 1071—72 . 
58. Id.  a t 1073 . 
59. Apte r v . Richardson, 51 0 F.2d 351 , 354-55 (7t h Cir . 1975) . 
60. Id.  a t 355 . 
61. Id. 
62. Th e opinio n o f th e tria l cour t dismissin g th e cas e afte r reman d i s unpub -

lished. 
63. Grassett i v . Weinberger, 40 8 F . Supp. 14 2 (N.D. Cal . 1976) . 
64. Id.  a t 147 . 
65. Id.  a t 150 . 
66. Id. 
67. Grassett i v . Weinberger, 40 8 F . Supp. 142 , 15 1 (N.D . Cal . 1976) . 



NOTES T O CHAPTE R 4  •  20 5 

68. Marinof f v . HEW , 45 6 F . Supp . 112 0 (S.D.N.Y . 1978) , aff'd  mem.,  59 5 
F.zd 1208 , cert, denied,  44 2 U.S . 913 (1979) . 

69. 45 6 F . Supp. at 1121 . 
70. Id. 
7 1 . Id.  a t 1122 . 
72. Ujvaros y v . Sullivan , No . C-92—4538—EFL , 199 3 U.S . Dist . LEXI S 633 0 

(N.D. Cal . May 5 , 1993) . 
73. Id.  Th e cour t nonetheles s offere d th e furthe r opinio n tha t th e clai m wa s 

"frivolous." Id. 
74. Cas s R. Sunstein , Administrative Law  After  Chevron,  9 0 COLUM. L . REV. 

2 0 7 1 , 2 0 7 2 - 7 3 (1990) . 
75. JOH N CIBINI C &  RALP H C . NASH , GOVERNMEN T CONTRAC T 

CLAIMS 39 , 263-66(1981) . 
76. ANDRE W K . GALLAGHER , TH E LA W O F FEDERA L NEGOTIATE D 

CONTRACT FORMATIO N 329 , 342-7 7 (1981) . I n general , i t i s har d 
to ge t th e court s t o revers e agenc y contrac t awards . JOH N CIBINI C 
& RALP H C . NASH , GOVERNMEN T CONTRAC T CLAIM S 26 6 
(1981). 

77. JERR Y L . MASHAW , BUREAUCRATI C JUSTIC E 18 , 5 7 n. 6 (1983) ; see 
Charles H . Koch , Jr. &c  Davi d A . Koplow, The  Fourth  Bite  at  the  Apple:  A 
Study of  the  Operation  and  Utility  of  the  Social  Security  Administration's 
Appeals Council,  1 7 FLA . ST . U . L . REV . 199 , 22 6 (1990 ) (Bot h th e 
number o f federa l appeal s an d th e reversa l rat e hav e bee n variabl e fro m 
year t o year ; fo r example , i n 1982 , thirtee n thousan d ne w federa l appeal s 
were filed , wit h a  reversa l rat e o f 2 0 percent , an d i n 1984 , twenty-si x 
thousand ne w appeal s were filed, with a  reversal rat e was 5 7 percent) . 

78. Be r v. Celebrezze, 33 2 F.2 d 29 3 (2 d Cir . 1964) . 
79. Lashe n v . Secretary o f Healt h an d Huma n Servs. , No. 92-3936 , 199 3 U.S . 

App. LEXIS 2397 6 (6t h Cir . Sept . 15 , 1993) . 
80. Id. 
81. Fo r contrastin g view s o n th e merit s o f judicia l revie w i n th e socia l securit y 

disability system , se e JERRY L . MASHAW, BUREAUCRATI C JUSTIC E 1 
(1983), and  Lanc e Liebma n an d Richar d B . Stewart , Bureaucratic  Vision, 
96 HARV. L . REV. 195 2 (1983) . 

82. BERNAR D SCHWARTZ , ADMINISTRATIV E LA W 457-5 9 (2 d ed . 
1984). 

83. Fo r a n earlie r versio n o f th e followin g discussio n o f Kafk a se e Steve n 
Goldberg, The  Central  Dogmas  of  Law  and  Science,  3 6 J. LEGA L EDUC . 
378(1986). 

84. ERNS T PAWEL , TH E NIGHTMAR E O F REASON : A  LIF E O F FRAN Z 
KAFKA 18 8 (1984) . 

85. Se e MICHAE L POLANYI , SCIENCE , FAIT H AN D SOCIET Y 63-6 5 
(1946). 



2 0 6 •  NOTE S T O CHAPTE R 4 

86. Stephe n Cole , et. al. , Chance  and Consensus  in  Peer Review, 21 4 SCIENC E 
881 (1981) . 

Notes to  Chapter  j 

1. Brya n R . Wilson , Reflections  on  a  Many Sided  Controversy,  in  RELIGIO N 
AND MODERNIZATION 199-20 0 (Stev e Bruce, ed., 1992) . 

2. See,  e.g.,  WALTE R PARCHOMENKO , SOVIE T IMAGE S O F DISSI -
DENTS AND NONCONFORMISTS 82-8 3 (1986) . 

3. MARGARIT A MATHIOPOULOS , HISTOR Y AN D PROGRESS : I N 
SEARCH OF THE EUROPEAN AND AMERICAN MIN D 15 1 (1989) . 

4. Cf.  J. B. BURY, THE IDEA OF PROGRESS (1932); and ROBERT NISBET, 
HISTORY OF THE IDEA OF PROGRESS (1980) . 

5. DAVI D H . HOPPER , TECHNOLOGY , THEOLOG Y AN D TH E IDE A 
OF PROGRESS 36-37 (1991) . 

6. MARGARIT A MATHIOPOULOS , HISTOR Y AN D PROGRESS : I N 
SEARCH OF THE EUROPEAN AND AMERICAN MIND i n (1989) . 

7. MARGARE T MATHIOPOULOS , HISTOR Y AN D PROGRESS : I N 
SEARCH O F TH E EUROPEA N AN D AMERICA N MIN D 15 1 (1989 ) 
(citing RAL F DAHRENDORF , DI E ANGEWANDT E AUFLAURUN G 
[1968]). 

8. M . A . D E WOLFE HOWE , THE GARDE N AN D TH E WILDERNESS 6 , 
2 5 - 2 6 ( 1 9 6 5 ) . 

9. Everso n v . Boar d o f Education , 33 0 U.S . 1  (1947) ; Schoo l Distric t v . 
Schempp, 374 U.S. 203 (1963) . 

10. Everso n v. Board of Education , 33 0 U.S . 1  (1947). The Court has held that 
the Fourteent h Amendment' s du e proces s clause , enacte d afte r th e Civi l 
War, makes the First Amendment applicable to the states. Id. 

11. A n earlier version of some of the following portions of this chapter appeared 
in Steve n Goldberg , The  Constitutional  Status  of  American  Science,  197 9 
U. ILL. L. FOR. 1  (1979). 

12. THOMA S PRINCE, EARTHQUAKES: THE WORKS OF GOD AND TO-
KENS O F HI S JUS T DISPLEASUR E 2 3 (Boston , D . Fowl e &  Z . Fowle , 
1755). $ ee a ^so Eleano r M . Tilton , Lightning-Rods  and  the  Earthquake  of 
I755> J 3 NE W ENG . Q . 8 5 (1940) . Princ e essentiall y reprinte d a  sermo n 
first publishe d in 172 7 and added an appendix. Id.  at 85-86 . 

13. Eleano r M . Tilton , Lightning-Rods  and  the  Earthquake  of  1755,  1 3 NE W 
ENG. Q . 85 , 86-8 9 (1940) . See  also BROOK E HINDLE , TH E PURSUI T 
OF SCIENC E I N REVOLUTIONAR Y AMERIC A 9 5 (1956) ; DANIE L J. 
BOORSTIN, TH E AMERICANS : TH E COLONIA L EXPERIENC E 25 8 
(1958). 

14. Eleano r M . Tilton , Lightning-Rods  and  the  Earthquake  of  1755,  1 3 NE W 
ENG. Q . 85 , 9 4 (1940) . JOH N WINTHROP , TW O LECTURE S O N 
COMETS 21-44 (1759) . 



NOTES T O CHAPTE R 5  •  20 7 

15. i  PETE R GAY , TH E ENLIGHTENMENT : A N INTERPRETATIO N 1 8 
(1969); ERNST CASSIRER , TH E PHILOSOPH Y O F THE ENLIGHTEN -
MENT 161-62 (i960) . 

16. ERNES T CASSARA , TH E ENLIGHTENMEN T I N AMERIC A 31-3 2 
(1975). Caldwallade r Colden , whos e attack s o n th e clerg y ar e cite d b y 
Cassara, mad e his greatest contributions t o the field of botany . DANIE L J. 
BOORSTIN, TH E AMERICANS : TH E COLONIA L EXPERIENC E 16 3 
(1958). 

17. See,  e.g.,  Harr y H . Clark , The  Influence  of  Science  on  American  Ideas: 
From IJJS  to  1809,  3 5 TRANSACTIONS WIS . ACAD. 307-1 4 (1943) ; 1 
PETER GAY , TH E ENLIGHTENMENT : A N INTERPRETATIO N 20 0 
(1969). 

18. Th e Remonstranc e i s reprinte d a s a n appendi x t o Everso n v . Boar d o f 
Education, 33 0 U.S. 1 , 63, 67 (1947) . 

19. THOMA S JEFFERSON, NOTES O N THE STATE OF VIRGINIA 159-6 0 
(W. Peden, ed., 1955) . 

20. LEONAR D W . LEVY , FREEDO M O F SPEECH AN D PRES S I N EARL Y 
AMERICAN HISTOR Y 10 0 (i960) ; GEORG E F . SENSEBAUGH , MIL -
TON I N EARLY AMERICA vii i (1964) . 

21. CHRISTOPHE R HILL , MILTO N AN D TH E ENGLIS H REVOLUTIO N 
53-54 (1977) ; 1  DAVID MASON , TH E LIF E OF JOHN MILTO N 788 , 
821 (Pete r Smith, ed., 2d ed. 1946 ) (1877) . 

22. See,  e.g.,  ZECHARIA H CHAFFEE , FRE E SPEEC H I N TH E UNITE D 
STATES 3 , 29 , 298 , 325 , 49 8 (1967) ; LEONAR D W . LEVY , FREEDO M 
OF SPEEC H AN D PRES S I N EARL Y AMERICA N HISTOR Y 95-9 7 
(i960). 

23. JOH N MILTON , AREOPAGITIC A 4 0 (R . Jebb , ed. , AM S Press , 1971 ) 
(1918). 

24. U.S . CONST, amend. I. 
25. T o a  certain exten t colonia l Puritanis m wa s compatibl e wit h science , albei t 

not as fully a s Deism. See, e.g., Harr y H. Clark, The  Influence of Science on 
American Ideas:  From  1775  to  1809,  3 5 TRANSACTION S WIS . ACAD . 
307-14 (1943) ; DANIE L J . BOORSTIN , TH E AMERICANS : TH E CO -
LONIAL EXPERIENC E 22 2 (1958) ; Frederic k G . Kilgour , The  Rise  of 
Scientific Activity  in  Colonial  New  England,  2 2 YAL E J . BIOLOG Y 6 c 
MED. 12 3 (1949) ; Leonar d Tucker , President  Thomas  Clap  of  Yale  Col-
lege: Another "Founding  Father" of American Science,  in EARLY AMERI-
CAN SCIENC E 9 9 (Brook e Hindle , ed. , 1976) ; CHARLE S S . ROSEN -
BERG, N O OTHE R GODS : O N SCIENC E AN D AMERICA N SOCIA L 
THOUGHT 2- 4 (1976) ; DIR K J. STRUIK , YANKE E SCIENC E I N TH E 
MAKING 3 0 (1948) . 

26. See,  e.g., Brook e Hindle , The  Quaker  Background  and  Science  in Colonial 
Philadelphia, 4 6 ISIS 243 (1955) ; see also ALAN D. BEYERCHEN, SCIEN-
TISTS UNDER HITLE R 27-3 9 (1977) . 



2 0 8 •  NOTE S T O CHAPTE R 5 

27. Thi s analogy ha s been noted b y many, including Freud i n 1917 . See BRUCE 
MAZLISH, TH E FOURT H DISCONTINUITY : TH E CO-EVOLUTIO N 
OF HUMANS AND MACHINES (1993) . 

28. MASA O WATANABE , TH E JAPANES E AN D WESTER N SCIENC E 6 7 
(1990). 

29. Edwi n O . Reischauer , Foreword,  t o MASA O WATANABE : TH E JAPA -
NESE AND WESTER N SCIENC E ix-x (1990) . 

30. O f course , man y Christian s toda y accep t evolutio n whil e retainin g thei r 
faith. See,  e.g.,  RAYMON D A . EV E 6 c FRANCI S B . HARROLD , TH E 
CREATIONIST MOVEMEN T I N MODERN AMERIC A 3- 4 (1991) . 

31. Scope s v. State, 289 S.W. 36 3 (1927) . 
32. Th e nonestablishmen t claus e wa s firs t applie d t o th e state s i n Everso n v . 

Board o f Education , 33 0 U.S. 1 (1947). 
33. Scope s v. State, 289 S.W . 36 3 (1927) . 
34. See,  e.g.,  Rolli n L . Hartt , What  Lies  Beyond  Dayton,  NATION , Jul y 22 , 

1925, a t 111-12 . See  generally  SHELDO N NORMA N GREBSTEIN , 
MONKEY TRIAL : TH E STAT E O F TENNESSE E VS . JOHN THOMA S 
SCOPES (i960) . 

35. See,  e.g., Amateur  Dramatics  at  Dayton,  CHRISTIA N CENTURY, July 30 , 
1925, at 969-70 . 

36. Scope s v. State, 289 S.W. 363 , 367. 
37. Id. 
38. Id. 
39. 39 3 U.S. 97(1968). 
40. Th e Arkansa s statut e wa s simila r t o th e Tennesse e statut e involve d i n th e 

Scopes case , Scopes v . State , 28 9 S.W . 36 3 (1927) . See  Harry A . Kalven , A 
Commemorative Case  Note: Scopes  v.  State,  2 7 U . CHI . L . REV. 505 , 51 0 
n.14 (i960) ; Thoma s I . Emerso n 6 c Herber t Haber , The  Scopes  Case  in 
Modern Dress,  2 7 U. CHI. L . REV. 522 (i960) ; Malcolm P . Sharp, Science, 
Religion, and  the  Scopes  Case,  2 7 U . CHI . L . REV . 52 9 (i960) . See  also 
Note, Constitutional  Law:  Validity  of  the Tennessee Anti-Evolution Law,  5 
TENN. L . REV. 242 (1927) . 

41. Brie f o f th e National Educatio n Ass' n o f th e United State s and th e Nationa l 
Science Teachers Ass' n a s Amic i Curia e a t 13a , Epperso n v . Arkansas , 39 3 
U.S. 97 (1968 ) (No . 7). 

42. Brie f fo r Appellant s a t 16 , Epperso n v . Arkansas , 39 3 U.S . 9 7 (1968 ) 
(No. 7) . 

43. Transcrip t o f Ora l Argumen t a t 17 , Epperso n v . Arkansas , 39 3 U.S . 9 7 
(i968)(No. 7) . Counse l fo r Arkansa s replied , " I would , firs t o f all , hop e 
that th e Court s an d th e people woul d thin k tha t woul d b e an unreasonabl e 
encroachment." Id. 

44. See  393 U.S . at 10 2 nn.9 6 c 10 . 
45. See,  e.g.,  LAURENC E H . TRIBE, AMERICAN CONSTITUTIONA L LA W 

229 n.io , 230 , 592 , 836-37 , 86 7 (1978) ; Paul Brest , Palmer v.  Thompson: 



NOTES T O CHAPTE R 5  •  20 9 

An Approach  to  the  Problem  of  Unconstitutional  Legislative  Motive,  197 1 
SUP. CT. REV . 95 , 12 0 n.125 (1971) ; John H . Ely , Legislative and  Admin-
istrative Motivation  in  Constitutional  Law,  7 9 YAL E L . J . 1205 , 131 8 
(1970); Frederi c S . LeClercq, The  Monkey  Laws  and  the  Public  Schools:  A 
Second Consumption?,  2 7 VAND . L . REV . 209 , 21 7 (1974) ; Laurenc e H . 
Tribe, The  Supreme  Court  197 2 Term:  Foreword:  Toward  a  Model  of 
Roles in  the  Due  Process  of  Life  and  Law,  8 7 HARV . L . REV . 1 , 2 2 
n.103 (1973) . 

46. 39 3 U.S. at 107-9 . 
47. I n Boar d o f Educatio n v . Allen , 39 2 U.S . 23 6 (1968) , fo r example , th e 

legislature enacte d a  textboo k loa n progra m tha t include d parochia l 
schools. Th e Court' s entir e discussio n o f religiou s purpos e consist s o f th e 
following: "Th e expres s purpos e o f {70 1 wa s state d b y th e Ne w Yor k 
Legislature t o b e furtheranc e o f th e educationa l opportunitie s availabl e t o 
the young. Appellants hav e shown u s nothing abou t th e necessary effect s o f 
the statut e tha t i s contrary t o it s state d purpose. " Id.  a t 243 . In Epperson, 
however, th e Cour t refuse d t o accep t th e argumen t tha t th e anti-evolutio n 
statute might have been motivated b y a desire to keep a controversial subjec t 
out o f the schools. 39 3 U.S . at 112-1 3 (Black , J., concurring) . 

48. 39 3 U.S . at 107 . 
49. 39 3 U.S . at 101 , 102. 
50. Smit h v . State, 242 So. 2d 69 2 (Miss . 1970) . 
51. See  Daniel v . Waters, 51 5 F.2d 485 , 487, 489 (6t h Cir . 1975) . 
52. Id.  a t 489-91. The court foun d tha t "th e resul t of thi s legislation i s a clearly 

defined preferentia l positio n fo r th e biblica l versio n o f creatio n a s oppose d 
to an y accoun t o f th e developmen t o f ma n base d o n scientifi c researc h an d 
reasoning." Id.  a t 489 . I n Steel e v . Waters , 52 7 S.W . 2 d 7 2 (Tenn . 1975) , 
the Suprem e Cour t o f Tennessee , followin g th e Sixt h Circui t decision , 
agreed tha t th e Tennessee statut e violated th e establishment clause . 

53. Moor e v . Gasto n Count y Boar d o f Education , 35 7 F . Supp . 1037 , 103 8 
(W.D.N.C. 1973) . 

54. Id.  a t 1038-39 . 
55. Id.  a t 1043 . 
56. Id.  a t 1042-43 . 
57. Fo r a n earl y discussio n o f th e creationis t endeavor , see  Wendel l R . Bird , 

Freedom of  Religion  and  Science  Instruction  in  Public Schools,  8 7 YALE L. 
J .5 i5 ( i978) . 

58. NATIONA L ACADEM Y O F SCIENCES , SCIENC E AN D CREATION -
ISM (1984). 

59. Edward s v . Aguillard, 482 U.S . 578 (1987) . 
60. Id.  a t 581. 
61. Id.  a t 596 , n.18. 
62. Id.  a t 593 . 
63. STEPHE N L . CARTER , TH E CULTUR E O F DISBELIEF : HO W AMERI -



2IO •  NOTE S T O CHAPTE R 5 

CAN LA W AND POLITIC S TRIVIALIZE RELIGIOU S DEVOTIO N 168 -
169(1993). 

64. See  Leviticus 18:2 2 ("Tho u shal t not li e with mankin d a s with womankind , 
it i s a  abomination". ) See  also id.  18:23 , 2.0:13 , 15 , 16 ; Romans  1:27 . Fo r 
a discussio n o f th e religiou s origin s o f th e law s agains t homosexualit y see, 
e.g., Note , Sexual  Freedom for  Consenting  Adults:  Why  Not?,  2  PAC. L. J. 
206, 210-1 2 (1971) ; Note, Sodomy  Statutes:  A  Need  for  Change,  1 3 S.D . 
L. REV. 384-85(1968) . 

65. See,  e.g.,  MORRI S PLOSCOWE , SE X AN D TH E LA W 18 4 (1962) ; Note , 
Sexual Freedom for  Consenting  Adults:  Why  Not?,  2  PAC. L . J. 206 , 210 , 
211 n.2 9 (1971) ; Note , Sodomy  Statutes:  A  Need  for  Change,  1 3 S.D . L . 
REV. 385 (1968) . 

66. See  McGowan v . Maryland, 36 6 U.S. 420, 431-37, 44 2 (1961) . 
67. See,  e.g.,  Note , Deviate  Sexual  Behavior:  The  Desirability  of  Legislative 

Proscription, 3 0 ALB. L. REV. 291, 293-94 (1966) . 
68. See  generally Note , Sexual  Freedom  for  Consenting  Adults:  Why  Not?,  2 

PAC. L.J. 206 (1971) . 
69. See,  e.g.,  Caste r v . State, 50 0 S.W.2d 368 , 371-72 (1973) ; Connor v . State, 

490 S.W.2d 114 , 115 (1973) ; State v. Rhinehart, 424 P.2d 906 , 910 (1967) . 
70. Do e v . Commonwealth' s Attorney , 40 3 F . Supp . 119 9 (E.D . Va . 1975) , 

affydmem., 42 5 U.S . 901 (1976) . 
71. Id.  a t 1202 , n.2 . See  also  Far r v . Mancusi , 7 0 Misc . 2 d 830 , 83 2 (N.Y . 

County Ct . 1972) ; State v. Stokes, 16 3 S.E. 2 d 770 , 774 (1968) . 
72. Bower s v. Hardwick, 47 8 U.S . 186 (1986) . 
73. Webste r v . Ne w Leno x Schoo l Distric t No . 122 , 91 7 F.2 d 100 4 (7t h Cir . 

1990). 
74. Peolz a v . Capistrano Unifie d Schoo l District , 78 2 F . Supp. 141 2 (1992) . 
75. Id.  a t 1414 , n. i . 
76. STEPHE N L . CARTER , TH E CULTUR E O F DISBELIEF : HO W AMERI -

CAN LA W AN D POLITIC S TRIVIALIZ E RELIGIOU S DEVOTIO N 16 1 
(i993)-

77. Mozer t v . Hawkin s Count y Boar d o f Education , 82 7 F.2 d 105 8 (6t h Cir . 
1987). The plaintiff s i n this case challenged muc h mor e tha n jus t the teach -
ing o f evolution . See  Naom i M . Stolzenberg , "He  Drew  a  Circle  That 
Shut Me Out":  Assimilation,  Indoctrination,  and  the  Paradox  of  a  Liberal 
Education, 10 6 HARV. L. REV. 58 1 (1993) . 

78. Id.  a t 1065 . 
79. Id.  a t 1064 . 
80. Roge r Finke , An  Unsecular  America,  in  RELIGIO N AN D MODERNIZA -

TION 148-4 9 (Stev e Bruce, ed., 1992) . 
81. Id.  a t 153 . 
82. Id.  a t 152 . 
83. Pete r L . Berger, Religion  in  a Revolutionary Society,  in  AMERICA'S CON -

TINUING REVOLUTIO N 15 0 (1975) . 



NOTES T O CHAPTE R 5  •  2 1 1 

84. Id.  a t 145-146 . See  also  ROBER T N . BELLAH , TH E BROKE N COVE -
NANT: AMERICA N CIVI L RELIGIO N I N TIM E O F TRIA L (2 d ed . 
1992). 

85. Pete r L . Berger, Religion in  a Revolutionary Society,  in  AMERICA'S CON -
TINUING REVOLUTIO N 14 3 (1975) . Ther e i s disput e abou t whethe r 
Eisenhower actuall y mad e thi s statement . See  Richar d J . Neuhaus , Who 
Needs God,  NAT L REV. , Nov. 10 , 1989 , at 52 . 

86. Proclamatio n 6508—Thanksgivin g Day , 1992 , 2 8 WEEKL Y COMP . 
PRES. D O C . 2312 , 231 3 (Nov . 20 , 1992) . 

87. JOH N T . NOONAN, JR. , THE BELIEVER S AND THE POWER S THA T 
ARE: CASES , HISTORY , AN D OTHE R DAT A BEARIN G O N TH E 
RELATION O F RELIGION AN D GOVERNMEN T 41 1 (1987) . 

88. Id.  a t 4 i o - n . 
89. Id.  a t 411. 
90. Churc h o f th e Lukum i Babal u Aye , Inc . v . Cit y o f Hialeah , 11 3 S . Ct . 

2217 (1993) . 
91. Id.  a t 2231. 
92. Lync h v . Donnelly, 465 U.S . 668 (1984) . 
93. Count y o f Alleghen y v . America n Civi l Libertie s Union , 49 2 U.S . 57 3 

(1989). 
94. McGowa n v . Maryland, 36 6 U.S . 420 (1961) . 
95. Bower s v. Hardwick, 46 8 U.S . 186 (1986) . 
96. JOH N RAWLS , POLITICAL LIBERALIS M 145-14 9 (1993) . 
97. STEPHE N L . CARTER, TH E CULTUR E O F DISBELIEF: HOW AMERI -

CAN LA W AN D POLITIC S TRIVIALIZ E RELIGIOU S DEVOTIO N 
^73-74(i993)-

98. Id.  a t 266 . 
99. Id.  a t 274 . 

100. DAVI D H . HOPPER , TECHNOLOGY , THEOLOGY , AN D TH E IDE A 
OF PROGRES S 60 , 63 , 75-7 6 (1991) ; CHRISTOPHE R LASCH , TH E 
TRUE AN D ONL Y HEAVEN : PROGRES S AN D IT S CRITIC S 4 1 
(1991); EDWAR D A . PURCELL , JR. , TH E CRISI S O F DEMOCRATI C 
THEORY: SCIENTIFI C NATURALIS M AN D TH E PROBLE M O F 
VALUE 61 (1973) . 

101. CHRISTOPHE R LASCH , TH E TRU E AN D ONL Y HEAVEN : PROG -
RESS AND IT S CRITICS 43 (1991) . 

102. DAVI D H . HOPPER , TECHNOLOGY , THEOLOGY , AN D TH E IDE A 
OF PROGRESS 114(1991) . 

103. See  generally DAVI D H. HOPPER, TECHNOLOGY, THEOLOGY , AN D 
THE IDE A O F PROGRESS (1991) -

104. See,  e.g., JEFFRIE G . MURPHY , EVOLUTION , MORALITY , AN D TH E 
MEANING O F LIFE (1982) . 

105. Pau l L . Holmer , Evolution  and  Being  Faithful,  8 4 CHRISTIA N CEN -
TURY 1491 , 1494 (1967) . 



2 1 2 •  NOTE S T O CHAPTE R 6 

Notes to  Chapter  6 
i. See,  e.g., Wickar d v . Filburn, 31 7 U.S. 111 (1942) . 
2. Th e drug regulatio n cas e i s United State s v. Sullivan, 33 2 U.S. 689 (1948). 

Congress has long used the commerce power to regulate new technology . In 
the 1830' s explosion s i n steamboat boiler s led to federally funde d researc h 
followed b y creation o f the Steamboat Inspectio n Service , on e of the na -
tion's first  regulator y agencies . DO N K. PRICE, GOVERNMEN T AND 
SCIENCE I O - I I (1954) . 

3. Sout h Dakot a v . Dole, 483 U.S . 203 (1987) . 
4. See,  e.g.,  Joh n A . Robertson, The  Law of Institutional  Review  Boards,  2 6 

U.C.L.A.L. REV . 484(1979) . 
5. Fo r a case concerning the legal tests that govern when stat e law is preempted 

by federa l law , see Gade v . National Soli d Waste Managemen t Association , 
112 S . Ct. 2374 (1992) . 

6. See,  e.g.,  John A . Robertson , The  Scientists' Right  to  Research: A  Constitu-
tional Analysis,  51 5 CAL . L. REV. 1203 , I 2 5 4 _ 5 ^ ( x978); James R. Fergu-
son, Scientific  Inquiry  and  the First Amendment,  6 4 CORNELL L . REV . 
639, 65 5 (1979). For a more expansiv e vie w of the government' s powe r to 
control experimentation , se e Gary L . Francione, Experimentation  and  the 
Marketplace Theory  of  the  First  Amendment,  13 6 U. PA. L. REV. 41 7 
(1987). 

7. O n the distinction betwee n speec h an d action i n First Amendmen t law , see 
United State s v. O'Brien, 39 1 U.S. 367 (1968). 

8. See,  e.g., 42 U.S.C . §  206 1 (1) (1976 ) (a n Atomic Energ y Ac t provision 
prohibiting privat e researc h activit y involvin g certain nuclea r materials. ) 

9. See,  e.g., 42 U.S.C. § 289(a) (1991 ) (researc h involvin g human subjects) ; 42 
U.S.C. §  289(g) ( 1993) (feta l tissu e research) ; 42 U.S.C. §§ 283(d), 283(e ) 
(1991) (anima l research) . 

10. Th e flag burnin g case s ar e Texas v . Johnson, 49 1 U.S. 397 (1989) , and 
United Sate s v. Eichman, 496 U.S . 310 (1990). 

11. Harve y Brooks , The  Scientific Advisor,  in  SCIENTISTS AN D NATIONA L 
POLICY-MAKING 7 6 (Robert Gilpin & Christopher Wright , eds. , 1964) . 

12. O n the contrast betwee n Congress ' decision to keep saccharin on the marke t 
while cyclamate s remai n off , see Nancy L . Bue, Comment,  in  LAW AN D 
SCIENCE IN COLLABORATION 203-4 , (J - Daniel Nyha n &  Milton M. 
Carrow, eds. , 1983). Congressiona l rejectio n o f a n America n supersoni c 
transport plan e i s chronicled i n LAURENCE H . TRIBE, CHANNELIN G 
TECHNOLOGY THROUG H LA W 101-2 9 (1973) . 

13. Portion s o f the remainder o f thi s chapte r appeare d i n an earlie r for m i n 
Steven Goldberg , The  Reluctant Embrace:  Law  and Science in  America, 7 5 
GEO. L.J . 1341(1987) . 

14. 1 5 U.S.C. §  260 5 (1982) . 
15. See  generally  Richar d B . Stewart, The  Reformation of  American Adminis-



NOTES T O CHAPTE R 6  •  2 1 3 

trative Law,  8 8 HARV . L . REV . 166 7 (1975) ; RICHAR D J . PIERCE , JR. , 
ET AL., ADMINISTRATIVE LA W AND PROCES S 23-3 8 (i d Ed . 1992) . 

16. Thes e figures  ar e base d o n phon e conversation s wit h agenc y personne l 
officers i n Octobe r 1993 , an d o n attorne y files  i n th e LEXIS , MARHU B 
library. The tota l numbe r o f employees a t the Nuclear Regulator y Commis -
sion a t tha t tim e wa s abou t 3,200 , whil e th e numbe r a t th e Nationa l 
Science Foundation wa s abou t 1,300 , but the Foundation use s more outsid e 
scientific consultant s tha n th e commission . 

17. Jame s Q. Wilson, The  Politics  of  Regulation,  in  THE POLITIC S O F REGU -
LATION 37 9 (Jame s Q . Wilson, ed. , 1980) . 

18. SHEIL A JASANOFF , TH E FIFT H BRANCH : SCIENC E ADVISER S A S 
POLICYMAKERS 8  (1990) . 

19. BRUC E L . R . SMITH , TH E ADVISERS : SCIENTIST S I N TH E POLIC Y 
PROCESS 1  (1992.). 

20. SHEIL A JASANOFF , TH E FIFT H BRANCH : SCIENC E ADVISER S A S 
POLICYMAKERS 25 0 (1990) . 

21. See  generally, JUDIT H C . AREEN , E T AL. , LAW , SCIENC E AN D MEDI -
CINE (1984) . 

22. A t times , toug h judicia l scrutin y ha s bee n calle d th e "har d look " doctrine , 
although i n practice scrutiny i s always tougher i n regulatory tha n i n fundin g 
cases. Fo r th e evolutio n o f th e "har d look " doctrine , primaril y i n case s 
involving environmenta l law , se e Willia m H . Rodgers , A  Hard  Look  at 
Vermont Yankee:  Environmental  Law  Under  Close  Scrutiny,  6j  GEO . L . 
J. 699(1979) . 

23. Jame s Q . Wilson, The  Politics  of  Regulation,  in  THE POLITIC S OF REGU -
LATION 39 0 (Jame s Q . Wilson, ed. , 1980) . 

24. JAME S D. WATSON, THE DOUBL E HELI X 22 2 (1968) . 
25. Thi s contras t i s set fort h i n JUDITH C . AREEN , E T AL. , LAW, SCIENC E 

AND MEDICIN E 6-7 , 2 2 (1984) . Various example s o f lega l doctrine s an d 
technological development s adjustin g t o each othe r ar e provided i n DAVI D 
LOTH &  MORRI S L . ERNST , TH E TAMIN G O F TECHNOLOG Y 
(1972.)-

26. See,  e.g.,  LAURENC E H . TRIBE , CHANNELIN G TECHNOLOG Y 
THROUGH LA W 1  (1973). 

27. See,  e.g., Goo d Samarita n Hospita l v . Shalala, 11 3 S. Ct. 215 1 (1993) . 
28. See,  e.g.,  Rosenbur g v . Plannin g Board , 23 6 A.2 d 895 , 89 7 (Conn . 1967) ; 

see also  PATRIC K J . ROHAN , ZONIN G AN D LAN D US E CONTROL S 
33-173 t o 33-188 , 37-44 t o 37-63 (1986) . 

29. Dwigh t D . Eisenhower, The Atom fo r Progres s and Peac e (Dec . 8 , 1953) . 
30. See,  e.g.,  IRVI N C . BUP P &  JEAN-CLAUD E DERIAN , LIGH T WATER : 

HOW TH E NUCLEA R DREA M DISSOLVE D (1978) . 
31. Pacifi c Ga s an d Elec . Co. v. State Energ y Resource s Conservatio n an d Dev . 

Comm'n, 46 1 U.S . 190 (1983) . 
32. Silkwoo d v . Kerr-McGee Corp. , 464 U.S . 238 (1984) . 



2 1 4 •  NOTE S T O CHAPTE R 6 

33. Lawrenc e M . Lidsky , The  Trouble  with  Fusion,  TECH . REV . (1983) , a t 44 . 
34. Lawrenc e M . Lidsky , The  Reactor  of  the  Future,  TECH . REV . (1984) , 

at 52 . 
35. IRVI N C . BUP P S t JEAN-CLAUD E DER I AN, LIGH T WATER : HO W 

THE NUCLEAR DREA M DISSOLVE D 3 1 (1978) . 
36. Id. 
37. Rober t S . Dudney, et . al. , The  Legacies  of  World  War  II:  The  Nuclear  Age, 

U.S. NEWS &  WORL D REP. , Aug. 5 , 1985 , at 43. 
38. See,  e.g.,  Willia m Sweet , Argonne  Proposes  "Proliferation-resistant" 

Breeder, 3 7 PHYSICS TODAY 6 2 (1984) . 
39. O n th e relationshi p o f th e 189 0 censu s an d late r governmen t need s t o 

the developmen t o f th e computer , se e HERMA N H . GOLDSTINE , TH E 
COMPUTER FRO M PASCA L T O VO N NEWMAN N 66-71 ; 121-25 1 
(1972). See  also  CHRISTOPHE R EVANS , TH E MAKIN G O F TH E MI -
CRO: A  HISTORY O F THE COMPUTE R 47-5 4 (1981) . 

40. Gottschal k v . Benson, 409 U.S . 63 (1972) . 
41. Parke r v . Flook, 437 U.S . 584 (1978) . 
42. Id.  a t 598 . 
43. Diamon d v . Diehr, 450 U.S . 175 (1981) . 
44. Id. 
45. See.,  e.g.,  Nancy Rutter , The  Great  Patent  Plague,  15 1 FORBES S58 (1993) . 
46. Pamel a Samuelson , e t al. , Developments  on  the  Intellectual  Property  Front: 

Legally Speaking,  3 5 COMM . ASS' N COMPUTIN G MACHINER Y 3 3 
(1992); Stev e Gibson , Someone  Needs  to  Reinvent  America's  Outdated 
Patent System,  INFOWORLD , Aug . 24 , 1992 , at 32 . 

47. See,  e.g.,  Gar y M . Hoffma n &c  Geoffre y M . Karny , Can  Justice Keep  Pace 
with Science?,  WASH. POST, Apr. 10 , 1988 , at B3. 

48. Esthe r Schachter , Intellectual  Property  Takes  Center  Stage,  6 3 ELEC -
TRONICS 10 8 (1990) . 

49. Id. 
50. The  Academic  Debate:  Considered  Opinion  and  Advocacy;  the  Question 

of Whether  Software  Can  and  Should  Be  Patented,  3 5 COMM . ASS' N 
COMPUTING MACHINER Y 12 5 (1992) . 

51. Steve n Goldberg , The  Reluctant  Embrace:  Law  and  Science  in  America,  7 5 
GEO. L.J . 1341,1379-88(1987) . 

52. RA E GOODELL, THE VISIBLE SCIENTISTS (1977) . 
53. Th e mos t famou s expressio n o f thi s vie w wa s J . Rober t Oppenheimer' s 

statement tha t "[i] n some sort of crude sense, which no vulgarity, no humor , 
no overstatemen t ca n quit e extinguish , th e physicist s hav e know n sin. " 
PETER GOODCHILD , J . ROBER T OPPENHEIMER : SHATTERE R O F 
WORLDS 174(1981) . 

54. SHEIL A JASANOFF , TH E FIFT H BRANCH : SCIENC E ADVISER S A S 
POLICYMAKERS 6 , et.  seq.  (1990) . 

55. O n Offic e o f Managemen t an d Budge t revie w o f scienc e research , se e John 



NOTES T O CHAPTE R 6  •  2 1 5 

Walsh &  Barbar a Culliton , Office  of  Management  and  Budget:  Skeptical 
View of  Scientific  Advice,  in  SCIENCE , TECHNOLOG Y AN D NA -
TIONAL POLIC Y 274-9 4 (Thoma s J . Kueh n 6 c Ala n K . Porter , eds. , 
1981). Th e tensio n betwee n corporat e an d scientifi c goal s i n th e privat e 
sector i s discusse d i n SIMO N MARCSON , TH E SCIENTIS T I N AMERI -
CAN INDUSTR Y 3-6 , 145-5 1 (i960) . 

56. Steve n Goldberg , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion, 
68 GEO. L.J. 68 3 (1980) . 

57. Danie l Yankelovich , Science  and  the  Public  Process:  Why  the  Gap  Must 
Close, 1  ISSUES SCI. & TECH . 6 , 1 2 (1984) . 

58. Fo r a n earlie r versio n o f m y discussio n o f superconductivity , se e Steve n 
Goldberg, Narrowing  the  Regulatory  Gap  Between  Law  and  Science:  The 
Prospects for  Superconductivity,  1  CTS. , HEALT H SCI . &  LA W 16 3 
(1990). 

59. Th e histor y o f superconductivit y researc h i s summarize d i n Michae l D . 
Lemonick, Superconductors:  The  Startling  Breakthrough  that  Could 
Change Our  World,  TIME , Ma y 11 , 1987 , a t 64-75 . Doubt s abou t th e 
scientific prospect s i n thi s field  are describe d i n R . Pool , Superconductivity: 
Is the Party  Over?,  24 4 SCI . 914 (1989) . 

60. Superconductivity:  Hearings  Before  the  Subcomm.  on  Transp.,  Aviation 
and Materials  of  the  House  Comm.  on  Science,  Space,  and  Technology, 
100th Cong. , istSess. , 92-97 (1987) . 

61. Michae l D . Lemonick , Superconductors:  The  Startling  Breakthrough  that 
Could Change  Our  World,  TIME , Ma y n , 1987 , at 64-75 . 

62. See  generally  DOROTH Y NELKIN , SELLIN G SCIENCE : HO W TH E 
PRESS COVERS SCIENCE AN D TECHNOLOGY (1987) . 

63. Merkli n v . United States , 788 F.2 d 17 2 (3 d Cir . 1986) . 
64. Id.  a t 178 . 
65. See,  e.g., ROBER T E . GOSSELIN, ET AL., CLINICAL TOXICOLOGY O F 

COMMERCIAL PRODUCT S III-37 9 (1984) ; R. J. Cave, Pick Your  Poison, 
362 NATURE 204- 5 (Mar . 18 , 1993) . 

66. D . K. Christen an d J. R . Thompson, Superconductivity:Current  Problems  at 
High T c, 364 NATURE 9 8 (Jul y 8 , 1993) . 

67. Phili p J. Hilts , A Cautious  Eye  on  the  Bottom  Line,  WASH . POST, May 19 , 
1987, a t Ai . 

68. Superconductivity:  Hearings  on  H.R.  2069  Before  the  House  Committee  on 
Science, Space,  and  Technology,  100t h Cong. , 1s t Sess. , 161-208 , 265 -
309 (1987) . 

69. R . J. Cave , Pick Your  Poison,  36 2 NATURE 204- 5 (Mar . 18 , 1993) . 
70. See  Phili p J . Hilts , U.S.  Superconductor  Consortium  Formed,  WASH . 

POST, May 24 , 1989 , at Ai . 
71. COMMITTE E T O ADVIS E TH E PRESIDEN T O N HIGH-TEMPERA -

TURE SUPERCONDUCTIVITY , WHIT E HOUS E SCIENC E COUNCIL , 
HIGH TEMPERATUR E SUPERCONDUCTIVITY : PERSEVERANC E 



2 l 6 •  NOTE S T O CHAPTE R 6 

AND COOPERATIO N O N TH E ROA D T O COMMERCIALIZATIO N 
35 (1989) -

Notes to  Chapter  7 

1. Excellen t description s o f th e developmen t o f moder n genetic s ca n b e foun d 
in JERR Y E . BISHO P &  MICHAE L WALDHOLZ , GENOME : TH E 
STORY O F THE MOS T ASTONISHIN G SCIENTIFI C ADVENTUR E O F 
OUR TIME : 22-2 7 (1990) ; OFFIC E O F TECHNOLOGY ASSESSMENT , 
IMPACTS O F APPLIE D GENETIC S 29-3 5 U981) ; ERNES T BOREK , 
THE COD E O F LIF E (1965) . Th e accoun t tha t follow s i s base d o n thes e 
sources. 

2. See  ERNEST BOREK , TH E COD E O F LIF E 2  (1965 ) (quotin g CHARLE S 
DARWIN, O N TH E ORIGI N O F TH E SPECIE S B Y MEANS O F NATU -
RAL SELECTIO N 7 5 [London , Joh n Murray , 1859]) . Althoug h Darwi n 
wrote thi s i n 1859 , prior t o Mendel' s 186 6 research , th e quot e appeare d i n 
a late r revise d editio n publishe d i n 187 2 a s well . Darwin' s late r work s 
also demonstrat e h e remaine d unawar e o f Mendel' s research . See  also  1 
CHARLES DARWIN , VARIATIO N O F ANIMAL S AN D PLANT S UN -
DER DOMESTICATIO N 5- 6 (Pau l H . Barret t &  R . B . Freeman , eds. , 
1988) (1873) . 

3. Olmstea d v . Unite d States , 27 7 U.S . 438 , 47 1 (1928 ) (Brandeis , J. , dis -
senting). 

4. Kat z v. United States , 389 U.S. 347 (1967) . 
5. Olmstea d v . Unite d States , 27 7 U.S . 438 , 47 8 (1928 ) (Brandeis , J. , dis -

senting.) 
6. See,  e.g.,  G . EDWAR D WHITE , TOR T LA W I N AMERICA : A N INTEL -

LECTUAL HISTOR Y 17 3 (1980 ) (discussin g Samue l D . Warre n &  Loui s 
D. Brandeis, The  Right  to  Privacy,  4  HARV. L . REV. 19 3 [1890]) . 

7. ALPHEU S T. MASON, BRANDEIS: A FREE MAN'S LIF E 70 (1946) . 
8. See  Samue l D . Warre n an d Loui s D . Brandeis , The  Right  to  Privacy,  4 

HARV. L . REV. 193 , 195 n.4 (1890) . 
9. THOMA S M . COOLEY , A  TREATIS E O N TH E LA W O F TORT S O R 

THE WRONGS WHICH ARIS E INDEPENDENT O F CONTRACT 2 9 (2 d 
ed. 1888) . 

10. CLYD E E. JACOBS, LAWWRITERS AND THE COURT S 27-3 2 (1954) . 
n . JAME S D. WATSON, THE DOUBL E HELIX 20 5 (1968) . 
12. Id.  a t 217 . 
13. Th e accoun t tha t follow s relie s o n Christophe r G . Shank , Note , DNA 

Evidence in  Criminal  Trials:  Modifying  the  Law's  Approach  to  Protect  the 
Accused from  Prejudicial  Genetic  Evidence,  3 4 ARIZ. L . REV. 82 9 (1992) . 
See also Elizabet h M . Bezak , Note , DNA  Profiling  Evidence:  The  Need  for 
a Uniform  and  Workable  Evidentiary  Standard  of  Admissibility,  2 6 VAL . 
U.L. REV . 595(1992) . 



NOTES T O CHAPTE R 7  •  2 1 7 

14. Andrew s v. State, 53 3 So . 2d 84 1 (Fla . Dist. Ct . App. 1988) . 
15. Christophe r G . Shank , Note , DNA  Evidence  in  Criminal  Trials:  Modifying 

the Law's  Approach  to  Protect  the  Accused  from  Prejudicial  Genetic  Evi-
dence, 3 4 ARIZ. L. REV. 829, 861-62 (1992) . 

16. Id.  a t 854-55 . Th e cas e i s People v . Castro , 54 5 N.Y.S.2 d 98 5 (N.Y . Sup . 
Ct. 1989) . 

17. Id.  . 
18. Th e descriptio n o f th e basi c scienc e tha t follow s i s draw n fro m NAT' L 

RESEARCH COUNCIL , MAPPIN G AN D SEQUENCIN G TH E HUMA N 
GENOME 2-2 1 (1988) ; U.S . DEPT O F HEALT H AN D HUMA N SERV . 
&: U.S . DEP T O F ENERGY , UNDERSTANDIN G OU R GENETI C IN -
HERITANCE: TH E U.S . HUMA N GENOM E PROJECT ; TH E FIRS T 
FIVE YEARS F Y 1991-199 5 9-10 , 85-8 9 (1990) ; BARRY R . FURROW , 
ET. AL. , BIOETHICS : HEALT H CAR E LA W AN D ETHIC S 167-16 9 
( i 9 9 i ) -

19. Susa n Okie , Redrawing  Life's  Family  Tree:  Genes  Offer  Insight  on  Evolu-
tion, WASH . POST, May 6 , 1990 , at Ai . 

20. Id.  See  also NOBEL FOUNDATION , TH E HIERARCH Y O F LIFE: MOL -
ECULES AN D MORPHOLOG Y I N PHYLOGENETI C ANALYSI S 41 0 
(1988). 

21. Th e descriptio n tha t follow s i s base d o n Rober t M . Cook-Deegan , 
The Human  Genome  Project:  The  Formation  of  Federal  Policies  in  the 
United States,  1986-1990,  in  BIOMEDICA L POLITIC S 99-16 9 (Kath i E . 
Hanna, ed. , 1991) ; OFFIC E O F ENERG Y RESEARC H &c  OFFICE O F 
HEALTH AN D ENVIRONMENTA L RESEARCH , U.S . DEP T O F EN -
ERGY, HUMA N GENOME , 1991-199 2 PROGRA M REPOR T 1- 4 
(1992.)-

22. Rober t M . Cook-Deegan , The  Human  Genome  Project:  The  Formation  of 
Federal Policies in  the  United  States,  1986-1990,  in  BIOMEDICA L POLI -
TICS 99, 152-5 4 (Kath i E . Hanna, ed. , 1991) . 

23. BARR Y R . FURROW, ET . AL., BIOETHICS: HEALTH CAR E LAW AN D 
ETHICS 168(1991) . 

24. OFFIC E O F TECHNOLOG Y ASSESSMENT , MAPPIN G OU R GENES : 
THE GENOME PROJECTS : HOW BIG , HOW FAST ? 1 3 (1988) . 

25. Fran k Press , The Dilemm a o f th e Golde n Age , Addres s t o Member s o f th e 
National Academ y o f Sciences (Apr . 26 , 1988) . 

26. D . J. DE SOLLA PRICE , LITTLE SCIENCE, BIG SCIENCE (1963) . 
27. Herber t Friedman , Big  Science vs.  Little  Science:  The  Controversy  Mounts, 

1 COSMO S 8 , 1 4 (1991) ; OFFIC E O F TECHNOLOG Y ASSESSMENT , 
FEDERALLY FUNDE D RESEARCH : DECISION S FO R A DECADE 146 -
60 (1991) -

28. Rober t M . Cook-Deegan , The  Human  Genome  Project:  The  Formation 
of Federal  Policies  in  The  United  States,  1986-1990,  in  BIOMEDICA L 
POLITICS 99 , 14 0 (Kath i E . Hanna, ed. , 1991) . 



2 l 8 •  NOTE S T O CHAPTE R J 

29. OFFIC E O F TECHNOLOGY ASSESSMENT , FEDERALLY FUNDE D RE -
SEARCH: DECISION S FOR A DECADE 146-16 0 (1991) . 

30. Rober t M . Cook-Degan , The  Human  Genome  Project:  The  Formation  of 
Federal Policies in  the  United  States,  1986-1990,  in  BIOMEDICA L POLI -
TICS 14 2 (Kath i E . Hanna, ed. , 1991) . 

31. U.S . DEP T O F HEALT H AN D HUMA N SERV . 6 c U.S . DEF T O F EN -
ERGY, UNDERSTANDIN G OU R GENETI C INHERITANCE : TH E U.S . 
HUMAN GENOM E PROJECT ; THE FIRS T FIVE YEARS FY 1991-199 5 
vii (1990). 

32. Judit h P . Swazey , et . al. , Risks  and  Benefits,  Rights  and  Responsibilities:  A 
History of  the  Recombinant  DNA  Research  Controversy,  5 1 S . CAL . L . 
REV. 1019 , 102 2 (1978) . 

33. Id.  a t 1025 . 
34. Id.  a t 1029 . 
35. Donal d S . Fredrickson , Asilomar  and  Recombinant  DNA:  The  End  of  the 

Beginning, in  BIOMEDICAL POLITIC S 25 8 (Kath i E . Hanna, ed. , 1991) . 
36. See,  e.g.,  Joa n O'C . Hamilton , Why  Biotech  Stocks  May  Be  Sick  for  a 

While, BUSINES S WEEK, May 18 , 1992 , at 120 . 
37. U.S . DEP T O F HEALT H AN D HUMA N SERV . &  U.S . DEP T O F EN -

ERGY, UNDERSTANDIN G OU R GENETI C INHERITANCE ; TH E U.S . 
HUMAN GENOM E PROJECT : THE FIRS T FIVE YEARS FY 1991-199 5 
at 20-21 , 65-7 3 (1991) . 

38. A s par t o f it s stud y o f th e ethical , legal , an d socia l implication s o f th e 
Human Genom e Initiative , th e Nationa l Institute s o f Healt h funde d a 
project carrie d ou t b y th e Arizon a Stat e Universit y Cente r fo r th e Stud y o f 
Law, Science , an d Technology . Thi s project , whic h include d workshop s 
held i n 199 1 an d 1992 , wa s designe d t o creat e a  lega l researc h agend a 
for th e initiative . A s a  participan t i n th e workshops , I  benefitte d greatl y 
from thi s chanc e t o tak e a n earl y loo k a t th e socia l sid e o f th e initiative . 
The discussio n tha t follow s relie s greatl y o n th e repor t o f th e Arizon a 
State project , a  repor t tha t appear s i n Denni s S . Karjala , A  Legal  Research 
Agenda for  the  Human  Genome  Initiative,  3 2 JURIMETRIC S J . 12 1 
(1992). 

39. See,  e.g.,  Leon  Jaroff,  Happy  Birthday,  Double  Helix:  Forty  Years  After 
Their Discovery  of  DNA's  Secret,  Watson  and  Crick  Celebrate  Its  Impact 
on the  World,  TIME , Mar . 15 , 1993, at 56 . 

40. Th e accoun t tha t follow s i s base d o n W . Frenc h Anderson , Human  Gene 
Therapy, 25 6 SCIENC E 80 8 (1992) ; Larr y Thompson , The  First  Kids with 
New Genes:  The  Inside  Story  of  Two  Young  Pioneers  Whose  Courage 
Helped Launch  a  Medial Revolution,  TIME , June 7 , 1993 , at 50 . 

41. W . Frenc h Anderson , Human  Gene  Therapy,  25 6 SCIENC E 808 , 81 3 
(1992.)-

42. Id. 
43. JERR Y E . BISHOP &  MICHAE L WALDHOLZ , GENOME : TH E STOR Y 



NOTES T O CHAPTE R 8  •  2 1 9 

OF TH E MOS T ASTONISHIN G SCIENTIFI C ADVENTUR E O F OU R 
TIME 3 1 (1990) . 

44. Denni s S. Karjala, A  Legal  Research  Agenda  for  the  Human  Genome  Initia-
tive, 3 2 JURIMETRICS J. 121 , 166 (1992) . 

45. W . 
46. DANIE L J . KEVLES , I N TH E NAM E O F EUGENICS : GENETIC S AN D 

THE USES OF HUMAN HEREDIT Y 29 8 (1985) . 
47. Leo n Jaroff, Seeking  a  Godlike  Power:  Genetic  Science  Promises  to  Deliver 

the Blueprint  for  Human  Life,  TIME , Oct . 15 , 1992 , at 58 . 
48. Id. 
49. J . Madelin e Nash , The  Frontier  Within:  By  Plumbing  the  Deep  Secrets  of 

the Human  Mind,  Scientists  Will  Open  the  Way  to  Cures,  Wonders —And 
Voyeurism, TIME , Oct . 15 , 1992 , at 81. 

50. Pau l R . Krugman , Are  You  Ready  for  the  Twenty-first  Century?,  FOR -
TUNE, Apr . 5 , 1993 , at 125 . 

51. Th e followin g accoun t o f th e limit s o f th e implication s o f mappin g th e 
human genom e i s based o n Denni s S . Karjala, A  Legal  Research  Agenda  for 
the Human  Genome  Initiative,  3 2 JURIMETRICS J. 121 , 146-47 (1992) . 

52. See,  e.g.,  Andre w Purvis , DNA  and  the  Desire  to  Drink:  Researchers  Dis-
cover a  Gene at  the  Root  of  Alcoholism,  TIME , Apr . 30 , 1990 , at 88 . 

53. Denni s S. Karjala, A  Legal  Research  Agenda  for  the  Human  Genome  Initia-
tive, 3 2 JURIMETRICS J. 121 , 147 (1992) . 

54. See  generally  DANIE L J . KEVLES , I N TH E NAM E O F EUGENICS : GE -
NETICS AN D THE USE S OF HUMAN HEREDIT Y (1985) . 

55. Id.  a t 296 . 
56. See,  e.g.,  Mortimo r J . Adler , Forward  t o YVE S R. SIMON, FREEDO M O F 

CHOICE i , vii (1969) . 
57. Rober t Fearey , The  Concept  of  Responsibility,  4 5 J . CRIM . L. , CRIMI -

NOLOGY &  POL . SCI. 21 , 24 (1954) . 
58. STUAR T HAMPSHIRE , FREEDO M O F TH E INDIVIDUA L 14 2 (ex -

panded ed . 1975) . 
59. EDGA R BODENHEIMER , PHILOSOPH Y O F RESPONSIBILIT Y 7 

(1980). 
60. Michae l S . Moore , Causation  and  the  Excuses,  7 3 CAL . L . REV . 1091 , 

1133 (1985) . 

Notes to  Chapter  8 

i. Bil l Peterson, U.S.  Makes Major  Advance  in  Nuclear Fusion,  WASH . POST, 
Aug. 13 , 1978, at Ai . 

2. Joh n Pease , Fusion  Research  Twenty-five  Years  after  Zeta,  NE W SCIEN -
TIST, Jan. 20 , 1983 , at 166-67 . 

3. 1992  Hearing  Before  the  Subcomm.  on  Energy  of  the  House  of  Representa-



2 2 0 •  NOTE S T O CHAPTE R 8 

fives Comm.  on  Science,  Space,  and  Technology,  102n d Cong. , 2 d Sess. , 3 
(1992) (statemen t o f Chairma n Brown) . 

4. Id.  a t 2 2 (statement o f Dr . Conn) . 
5. Id.  a t 9  (statement o f Mr . Happer) . 
6. A n earlie r versio n o f portion s o f th e remainde r o f thi s chapte r appeare d i n 

Steven Goldberg , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion, 
68 GEO. L.J . 68 3 (1980) . 

7. Cur t Suplee , Fusion Tower  Experiment  Is  Successful:  Energy  Source  Moves 
Closer to  Tracticality,  WASH . POST , Nov. 11 , 1991 a t Ai ; Boyc e Rensen -
berger, Trinceton  Lab  Sets  Another Fusion  Record,  WAS H POST , Dec . 10 , 
1993, at A3. 

8. Id. 
9. Id. 

10. S . D. FREEMAN, ENERGY : THE NEW ER A 27 8 (1974) . 
11. PRINCETO N UNIVERSIT Y PLASM A PHYSIC S LABORATORY , IN -

FORMATION BULLETIN : FUSIO N POWE R 6  (1993) . 
12. Id. 
13. Id. 
14. Steve n Goldberg , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion, 

68 GEO. L.J . 683 , 688 (1980) . 
15. Telephon e Intervie w wit h Eugen e Nardella , Offic e o f Fusio n Energ y (Jul y 

23,1993). 
16. 1992  Hearing  Before  the  Subcomm.  on  Energy  of  the  House  of  Representa-

tives Comm.  on  Science,  Space,  and  Technology,  io2 d Cong. , 2 d Sess. , 
17 (1992.)-

17. Id.  a t 8 , 15. 
18. Id.  a t 9 . 
19. S . SCHURR, E T AL., ENERGY I N AMERICA'S FUTUR E 30 0 (1979) . 
20. Cur t Suplee , Fusion-Tower Experiment  Is  Successful:  Energy  Source  Moves 

Closer to  Tracticality,  WASH . POST, Nov. 11 , 1991, at Ai . 
21. Steve n Goldberg , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion, 

68 GEO. L.J . 683 , 696 (1980) . 
22. Phi l Vettel , As  a  Matter  of  Fact,  CHICAG O TRIBUNE , Ma y 17 , 1987 , 

at C4 . 
23. Id.  a t 705 , n.178. 
24. Charle s Seabrook , Wat  kins Flays  Down  Tritium  Spill  at  SRS,  ATLANT A 

JOURNAL, Jan . 8 , 1992 , a t C i ; Abraha m Kwo k an d Pamel a Manson , 
Nuclear Waste  Dump  Opposed,  ARIZON A REPUBLIC , Jan . 18 , 1993 , 
a t B i . 

25. See,e.g.,  Joh n Horgan , Fusion's  Future:  Will  Fusion-Energy  Reactors  Be 
"Too Complex  and  Costly"?,  SCI . AM., Feb. 1989 , at 25 , 26. 

26. 1992  Hearing  Before  the  Subcomm.  on  Energy  of  the  House  of  Representa-
tives Comm.  on  Science,  Space,  and  Technology,  io2 d Cong. , 2 d Sess. , 
17 (1992-) -



NOTES T O CHAPTE R 8  •  2 2 1 

27. Mar k Crawford , Hot  Fusion:  A  Meltdown  in  Political  Support,  24 1 SCI -
ENCE 153 4 (1990) . 

28. Joh n Horgan , Fusion's  Future:  Will  Fusion-Energy  Reactors  Be  "Too  Com-
plex and  Costly"?,  SCI . AM., Feb. 1989 , at 25 , 28. 

29. 4 2 U.S.C. §4332 (2)(C ) (1976) . 
30. Hanle y v . Kleindienst , 47 1 F.2 d 82 3 (2 d Cir . 1972) , cert,  denied,  41 2 U.S . 

908 (1973) . 
31. 42U.S.C . §4332(c)(iii ) (1976) . 
32. Compare  Gustav e Speth , The  Federal  Role  in  Technology  Assessment  and 

Control in  FEDERAL ENVIRONMENTAL LA W 433-43 (E . Dolgin 6 c T. 
Builbert, eds. , 1974) , with  Danie l A . Dreyfu s &  Hele n M . Ingram , The 
National Environmental  Policy  Act:  A  View  of  Intent  and  Practice,  1 6 
NAT. RESOURCE S J . 243 , 26 1 (1976) . See  also  Comment , The  National 
Environmental Policy  Act  Applied  to  Policy-Level  Decisionmaking,  3 
ECOLOGY L.Q . 799(1973) . 

33. ENERG Y RES . &  DEV . ADMIN. , ERD A NO . 1544 , FINA L ENVI -
RONMENTAL IMPAC T STATEMENT , TOKAMA K FUSIO N TES T 
REACTOR FACILITIE S (Jul y 1975) . Th e Energ y Researc h an d Develop -
ment Administratio n wa s a  predecesso r agenc y t o th e Departmen t o f 
Energy. 

34. 48 1 F.2 d 107 9 (D.C . Cir. 1973) . 
35. Id.  a t 1093—94 . 
36. Id.  a t 1094 . 
37. 42 7 U.S. 390(1976) . 
38. Id.  a t 405-06 . 
39. Id.  a t 412. 
40. See,  e.g.,  Note , Program  Environmental  Impact  Statements:  Review  and 

Remedies, 7 5 MICH . L . REV. 107 , 11 7 (1976) ; Note, Environmental  Law, 
55 N.C . L . REV . 484 , 49 6 (1977) ; Note , The  Scope  of  the  Program  EIS 
Requirement: The  Need  for  a  Coherent  Judicial  Approach,  3 0 STAN . L . 
REV. 767 , 791-9 2 (1978) ; Note , Environmental  Law,  5 0 TEMP . L . Q . 
4 1 0 , 4 1 8 (1977) . 

4 1 . 81 7 F.2 d 88 2 (D.C.Cir . 1987) . 
42. Foundatio n o n Economi c Trend s v . Heckler , 75 6 F.2 d 143 , 15 9 (D.C . 

Cir. 1985) . 
43. 44 2 U.S. 347(1979) . 
44. W . D . Kay , The  Politics  of  Fusion  Research,  ISSUE S I N SCIENC E AN D 

TECHNOLOGY, Winte r 1991-92 , a t 41. 
45. Davi d P . Hamilton , The  Fusion  Community  Picks  Up  the  Pieces,  25 5 SCI -

ENCE 120 3 (1992) . 
46. W . D . Day , The  Politics  of  Fusion  Research,  ISSUE S I N SCIENC E AN D 

TECHNOLOGY, Winte r 1991-92 , a t 40. 
47. JOA N L . BROMBERG , FUSION : SCIENCE , POLITICS , AN D TH E IN -

VENTION O F A NEW ENERG Y SOURC E 25 2 (1982) . 



222 •  NOTE S T O CHAPTE R 8 

48. See,  e.g.,  Joh n R . Gilleland , e t al. , Moving  Ahead  with  Fusion,  ISSUE S I N 
SCIENCE AN D TECHNOLOGY , Summe r 1990 , a t 62 ; Rober t W . Conn , 
et al. , The  International  Thermonuclear  Experimental  Reactor,  SCI . AM. , 
Apr. 1992 , at 103 . 

49. Rober t W . Conn , et . al. , The  International  Thermonuclear  Experimental 
Reactor, SCI . AM., Apr . 1992 , at 103 . 

50. Joh n Horgan , Fusion's  Future:  Will  Fusion-Energy  Reactors  Be  "Too  Com-
plex and  Costly"?,  SCI . AM., Feb. 1989 , at 25 , 26. 

51. Fo r backgroun d o n th e developmen t o f photovoltaics , se e PAU L D . MAY -
COCK &  EDWAR D N . STIREWALT , PHOTOVOLTAICS : SUNLIGH T 
TO ELECTRICIT Y I N ONE STE P 169-7 1 (1981) . 

52. CHRISTOPHE R FLAVIN , ELECTRICIT Y FRO M SUNLIGHT : TH E FU -
TURE OF PHOTOVOLTAICS 1 0 (1982) . 

53. Fo r a n overvie w o f curren t researc h an d researc h needs , see  SOLAR PHO -
TOVOLTAIC ENERG Y CONVERSIO N (Henr y Ehrenreich , ed. , Th e 
American Physica l Society , 1979) . 

54. President' s Messag e t o Congress , 1  PUB. PAPERS: JIMMY CARTE R 109 8 
(June 20 , 1979) . 

55. Addres s Befor e th e Genera l Assembl y o f th e Unite d Nation s o n Peacefu l 
Uses of Atomic Energy , 1  PUB. PAPERS: DWIGHT D . EISENHOWER 82 0 
(Dec. 8, 1953) . 

56. W . D. JOHNSTON, JR. , SOLAR VOLTAIC CELL S 19 7 (1980) . 
57. Id.  a t 198 . 
58. Id.  a t 198-99 . Fo r furthe r informatio n o n th e risk s of photovoltai c devices , 

see JUDITH AREEN , E T AL. , LAW , SCIENC E AN D MEDICIN E 1393 -
95 (1984) -

59. See  W . D . JOHNSTON , JR. , SOLA R VOLTAI C CELL S 18 6 (1980) ; see 
also Testimon y o f Micke y E . Alper , Hearing s Befor e th e Subcommitte e o n 
Energy Developmen t an d Application s o f th e Committe e o n Scienc e an d 
Technology, Unite d State s Hous e o f Representatives , 97t h Cong. , 2 d Sess . 
386, July 28 , 1982 . 

60. Amor y Lovins , Energy Strategy:  The  Road  Not  Taken?,  5 5 FOREIGN AFF . 
55 (1976) . 

61. Id.  a t n.20 . 
62. Ade n B . Meinel 6c  Marjorie P . Meinel, Soft Path  Leads  to  a  New Dark  Age, 

in THE ENERG Y CONTROVERS Y 22 5 (Henr y Nash , ed. , 1979) . 
63. See,  e.g.,  SAND Y F . KRAEMER , SOLA R LA W 130-13 2 (1978) ; Lyden , 

An Integrated  Approach  to  Solar  Access,  3 4 CAS E W . RES . L . REV . 36 7 
(1983-84). 

64. NATIONA L ACADEM Y O F SCIENCES , ENERG Y I N TRANSITIO N 
1985-201047(1979). 

65. E . F. SCHUMACHER, SMAL L IS BEAUTIFUL 147 , 156-5 8 (1973) . 



NOTES T O CHAPTE R 9  •  2 2 3 

Notes to  Chapter  9 

1. HAN S MORAVEC, MIN D CHILDRE N 8  (1988). 
2. GEORG E F . LUGE R &  WILLIA M A . SUBBLEFIELD , ARTIFICIA L IN -

TELLIGENCE: STRUCTURE S AN D STRATEGIE S FO R COMPLE X 
PROBLEM SOLVIN G 7  (1993) . 

3. Id. 
4. M . MITCHEL L WALDROP , MAN-MAD E MINDS : TH E PROMIS E O F 

ARTIFICIAL INTELLIGENC E 1 6 (1987) . 
5. Id.  a t 11-1 2 (provide s a  goo d accoun t o f th e Dartmout h Conference) . See 

also PAMEL A MCCORDUCK , MACHINE S WH O THIN K 93-11 4 
(i979)-

6. JI M JUBAK, IN THE IMAG E OF THE BRAI N 7-4 0 (1992.) . 
7. Cur t Suplee , Artificial Life:  Improving  on  Creation  —  Move Over,  Darwin: 

A New  Set  of  Sciences  Might  just  Revolutionize  Biology,  WASH . POST , 
May 6 , 1990 , at Bi . 

8. STEVE N LEVY , ARTIFICIA L LIFE : TH E QUES T FO R A  NE W CRE -
ATION 13-1 7 (1992) . 

9. Id.  a t 17-18 . 
10. Id.  a t 49-58 . 
11. Id.  a t 115 . 
12. Phili p Elmer-Dewitt , In  Search of  Artificial  Life,  TIME , Aug. 6, 1990 , at 64 . 
13. STEVE N LEVY , ARTIFICIA L LIFE : TH E QUES T FO R A  NE W CRE -

ATION 113-1 4 (1992) . 
14. 6  ARTIFICIA L LIFE : TH E PROCEEDING S O F A N INTERDISCIPLIN -

ARY WORKSHO P O N TH E SYNTHESI S AN D SIMULATIO N O F LIV -
ING SYSTEM S HEL D SEPTEMBER , 198 7 I N LO S ALAMOS , NE W 
MEXICO xv i (Christophe r Langton , ed. , 1987) . 

15. STEVE N LEVY , ARTIFICIA L LIFE : TH E QUES T FO R A  NE W CRE -
ATION 15 1 (1992) . 

16. M . MITCHEL L WALDROP , MAN-MAD E MINDS : TH E PROMIS E O F 
ARTIFICIAL INTELLIGENC E 6 3 (1987) . 

17. Andre w Pollack , Pentagon  Wanted  a  Smart Truck:  What  It  Got  Was  Some-
thing Else,  N. Y . TIMES, May 30 , 1989 , at Ai . 

18. Artificial  Intelligence:  Brain  Teaser,  TH E ECONOMIST , Aug . 17 , 1991 , 
at 62. 

19. Joh n J. Sviokla , Putting  Expert  Systems  to  Work,  HARV . BUS. REV., Mar. / 
Apr. 1988 , at 91. 

20. A n earlie r versio n o f th e remainde r o f thi s chapte r appeare d i n Steve n 
Goldberg, The  Changing  Pace  of  Death:  Computers,  Consciousness,  and 
Nancy Cruzan,  4 3 STAN. L . REV. 659 (1991) . 

21. SIGMUN D FREUD , A  GENERA L INTRODUCTIO N T O PSYCHO -
ANALYSIS (rev . ed . 1935 ) (Chapte r 18 ) reprinted  in  5 4 GREA T BOOK S 
OF THE WESTERN WORL D 56 2 (R . M. Hutchins , ed. , 1952) . 



2 2 4 *  NOTE S T O CHAPTE R 9 

22. Id. 
23. Id.  Fo r a  thoroug h analysi s o f Freud' s vie w tha t h e stoo d i n a  lin e wit h 

Copernicus an d Darwi n see  BRUCE MAZLISH , TH E FOURT H DISCON -
TINUITY: TH E CO-EVOLUTIO N O F HUMAN S AN D MACHINE S 3- 6 
(1993). See  also  Lawrenc e Tribe , Technology  Assessment  and  the  Fourth 
Discontinuity: The  Limits  of  Instrumental  Rationality,  4 6 S . CAL. L . REV. 
6 1 7 ( 1 9 7 3 ) . 

24. See,  e.g.,  COMMITTE E O N SCIENC E AN D CREATIONISM , NA -
TIONAL ACADEM Y O F SCIENCES , SCIENC E AN D CREATIONIS M 
(1984). 

25. See,  e.g., EDWAR D J. LARSON , TRIAL AND ERROR : TH E AMERICA N 
CONTROVERSY OVE R CREATIO N AN D EVOLUTION (1985) . 

26. See,  e.g.,  RICHAR D HOFSTADTE R &  WALTE R P . METZGER , TH E 
DEVELOPMENT O F ACADEMIC FREEDO M I N THE UNITED STATE S 
32-4(1955). 

27. PETE R SINGER , ANIMAL LIBERATIO N vii i (2d ed. 1990) . 
28. Id.  a t 7 . 
29. Id.  a t 9-15 . A s part o f thi s argument, Singe r explicitly distinguishe s animal s 

from machines . H e note s tha t "th e nervou s system s o f othe r animal s wer e 
not artificiall y constructed—a s a  robo t migh t b e artificiall y constructed — 
to mimi c th e pai n behavio r o f humans. " Id.  a t n . Indeed , h e argue s tha t 
even " a cleverl y constructe d robot , controlle d b y a  brillian t scientist s s o a s 
to giv e al l th e sign s o f feelin g pain , [is ] reall y n o mor e sensitiv e tha n an y 
other machine. " Id.  a t 10 . As we shall see , this effort t o draw a  line between 
machines and nonmachine s i s quite controversial . 

30. Id.  a t 19 . 
3 1 . Id.  a t 224 . 
32. Aliso n Jolly , A  New  Science  that  Sees  Animals  as  Conscious  Beings,  1 5 

SMITHSONIAN 66  (1985) . Se e als o HAN S MORAVEC , MIN D CHIL -
DREN 43-4 4 (1988) . For a  theoretica l argumen t tha t certai n animal s ma y 
have evolve d consciousnes s simila r bu t no t identica l t o ou r own , se e RA Y 
JACKENDOFF, CONSCIOUSNES S AN D TH E COMPUTATIONA L 
MIND 325-32 6 (1987) . 

33. BRUC E MAZLISH , TH E FOURT H DISCONTINUITY : TH E CO-EVO -
LUTION O F HUMANS AND MACHINE S 3  (1993). 

34. Jame s P . Carse , Of  Death  and  Dying/Of  Life  and  Living,  NE W CATHO -
LIC WORLD, Nov./Dec. 1987 , at 249-50 . 

35. Rober t Byrne , Chess-Playing  Computer  Closing  in  on  Champions,  N . Y . 
TIMES, Sept. 26 , 1989 , at C i , col . 6. 

36. Josep h McLellan , Kasparov  Showing  the  Computer  a  Few Moves,  WASH . 
POST, Oct. 23 , 1989, at Bi . 

37. Rober t Byrne , Chess-Flaying  Computer  Closing  in  on  Champions,  N.Y . 
TIMES, Sept. 26 , 1989 , at C i , col . 6 . 



NOTES T O CHAPTE R 9  •  2 2 5 

38. Id. 
39. Joh n R . Searle , "The  Emperor's  New  Mind":  An  Exchange,  N . Y . REV . 

BOOKS, June 14 , 1990 , at 59 . 
40. Id. 
41. Danie l C . Dennett , Introduction  t o TH E MIND' S I  8  (D . R . Hofstadte r & 

D. C. Dennett, eds. , 1981) . Dennett himsel f believe s that a  clearer conceptu -
alization o f th e idea o f consciousnes s ca n remov e any paradoxes . Id. 

42. Noa m Cohen , Meta-Musings:  The  Self-Reference Craze,  NE W REPUBLIC , 
Sept. 5 , 1988 , at 17 . 

43. id. 
44. See,  e.g., Girardeau  A.  Spann,  Hyperspace,  8 4 MICH . L . REV. 642 , nn.28 , 

29 (1986) ; Pierre Schlag, Missing Pieces:  A Cognitive  Approach  to  Law,  67 
TEX. L . REV . 1248 , n .200 , 1249 , n.20 1 (1989) . 

45. D . R . Hofstadter , Reflections,  i n TH E MIND' S I  38 2 (D . R . Hofstadte r & 
D. C. Dennett , eds. , 1981) . 

46. Georg e Johnson , New  Mind,  No  Clothes,  SCIENCES , Jul./Aug . 1990 , a t 
45. O n th e definitio n o f "strong " artificial  intelligence , see  JOHN L . POL -
LOCK, HO W T O BUIL D A  PERSON : A  PROLEGOMENO N i x (1989) ; 
JOHN R . SEARLE, MINDS, BRAINS, AND SCIENC E 2 8 (1984) . 

47. JOH N L . POLLOCK , HO W T O BUIL D A  PERSON : A  PROLEGOME -
NON ix , 30 (1989) . 

48. HAN S MORAVEC, MIND CHILDRE N 3 9 (1988) . 
49. Ala n Turing, Computing  Machinery  and  Intelligence,  5 9 MIND 23 6 (1950) , 

reprinted in  TH E MIND' S I  5 3 (D . R . Hofstadte r &  D . C . Dennett , eds. , 
1981). 

50. I n Turing' s origina l version , whic h h e calle d th e "imitatio n game, " a  ma n 
and a  woma n ar e questione d b y a n interrogator , wit h th e ma n pretendin g 
to b e a  woman . Th e ma n i s then replace d b y a  compute r tha t als o trie s t o 
fool th e interrogator . Id.  Th e descriptio n give n i n th e tex t i s th e usua l 
modern formulatio n o f th e Turing test . See,  e.g.,  ROGE R PENROSE , TH E 
EMPEROR'S NEW MIND 6- 7 (1989) . 

51. ROGE R PENROSE , THE EMPEROR'S NEW MIND 7- 8 (1989) . 
52. Id.  a t 7 . 
53. Id.  a t 8 . 
54. Joh n Markoff , Can  Machines  Think?  Humans  Match  Wits,  N . Y . TIMES, 

Nov. 9 , 1991 , at Ai . 
55. TH E MIND' S I  469 (D . R. Hofstadter &  D . C. Dennett , eds. , 1981) . 
56. Id. 
57. See,  e.g., FRANK ROSE , INTO THE HEAR T OF THE MIND: AN AMER -

ICAN QUES T FOR ARTIFICIAL INTELLIGENC E 161-6 3 (1984) . 
58. See,  e.g.,  Joh n R . Searle , Is  the  Brain's  Mind  a  Computer  Program?,  SCI . 

AM., Jan. 1990 ; Paul M. Churchland an d Patrici a Smit h Churchland , Could 
a Machine Think?,  26 2 SCI. AM., Jan. 1990 . 



2 2 6 •  NOTE S T O CHAPTE R 9 

59. See,  e.g.,  Georg e Johnson, "Can  Machines  Learn  to  Think?",  N.Y . TIMES, 
May 15 , 1988 , Sec. 4, a t 7 ; Malcol m Gladwell , "Thinking  Like  Humans/* 
WASH. POST, Mar. 5 , 1990 , Sec. 1 , at A3. 

60. Th e accoun t tha t follow s i s take n fro m JOH N R . SEARLE , MINDS , 
BRAINS AND SCIENC E 3 2 (1984) . 

61. Id.  a t 33 , 39. 
62. FRAN K ROSE , INT O TH E HEAR T O F TH E MIND : A N AMERICA N 

QUEST FOR ARTIFICIA L INTELLIGENC E 16 2 (1984) . 
63. Joh n R . Searle , Is  the  Brain  s  Mind  a  Computer  Program?,  26 2 SCI . AM. , 

Jan. 1990 . 
64. Joh n R . Searle , "The  Emperor's  New  Mind":  An  Exchange,  N.Y . REV . 

BOOKS, June 14 , 1990 , at 58—59. 
65. Id. 
66. JOH N R . SEARLE , MINDS , BRAIN S AN D SCIENC E 29-3 0 (1984) . See 

also Ne d Block , Troubles  with  Functionalism,  in  PERCEPTIO N AN D 
COGNITION: ISSUE S IN TH E FOUNDATIO N O F PSYCHOLOG Y 261 , 
264-65, 279-8 1 (C . Savage, ed., 1978) . 

67. D . R . Hofstadter , Reflections,  in  THE MIND' S I  373-82 (D . R. Hofstadte r 
&C D. C. Dennett, eds. , 1981) . 

68. Id. 
69. Joh n R . Searle , Minds,  Brains,  and  Programs,  in  TH E MIND' S I  353 , 36 6 

(D. R . Hofstadte r 5 c D . C . Dennett , eds. , 1981) . I n hi s origina l paper , 
Turing give s a  simila r repl y t o th e suggestio n tha t a  compute r tha t passe d 
his tes t woul d lac k consciousness . Ala n Turing , Computing  Machinery  and 
Intelligence, 5 9 MIN D 23 6 (1950) , reprinted  in  TH E MIND' S I  59-6 1 
D. R. Hofstadte r &  D . C. Dennett , eds. , 1981) . 

70. Pau l M . Churchlan d an d Patrici a Smit h Churchland , Could  a  Machine 
Think?, SCI . AM., Jan. 1990 . 

71. Id. 
72. Id. 
73. Id. 
74. Id. 
75. Joh n Pollack , fo r example , argue s tha t th e flaw i n Searle' s argumen t a s wel l 

as in a  related, earlie r argumen t presente d b y Ned Bloc k i s that they replac e 
a computer , whic h i s governe d b y ordinar y physica l laws , wit h a  person , 
who w e hav e troubl e thinkin g o f a s bein g s o governed . JOH N L . POL -
LACK, HO W T O BUIL D A  PERSON : A  PROLEGOMENON , 78-7 9 
(1989). 

76. Georg e Johnson , Can  Machines  Learn  to  Think?,  N.Y . TIMES , Ma y 15 , 
1988, Sec. 4, at 7 , col. 4. 

77. Nanc y K . Rhoden , Litigating  Life  and  Death,  10 2 HARV . L . REV . 375 , 
407, n.140 (1988) . 

78. JOH N R . SEARLE, MINDS, BRAINS AND SCIENCE 3 5 (1984) . 



NOTES T O CHAPTE R 9  •  22 7 

79. Joh n R . Searle , Is  the  Brain's  Mind  a  Computer  Program?,  SCI . AM , 
Jan. 1990 . 

80. Id. 
81. Joh n R . Searle , "The  Emperor's  New  Mind":  An  Exchange,  N.Y . REV . 

BOOKS, Jun e 14 , 1990 , a t 58 . Se e als o RA Y JACKENDOFF , CON -
SCIOUSNESS AND THE COMPUTATIONAL MIND , 10-1 1 (1987) . 

82. Joh n R . Searle , Is  the  Brain's  Mind  a  Computer  Program?,  SCI . AM. , 
Jan. 1990 . 

83. Joh n R . Searle , "The  Emperor's  New  Mind":  An  Exchange,  N.Y . REV . 
BOOKS, June 14 , 1990 , at 59 . 

84. Id. 
85. Id. 
86. ROGE R PENROSE , THE EMPEROR'S NE W MIND (1989) . 
87. See,  e.g.,  th e bestselle r lis t in which Penrose' s boo k i s described a s "[find -

ing bot h compute r theor y an d physic s a s ye t incapabl e o f explainin g 
human intelligence . .  . ." N.Y . TIMES , Nov . 26 , 1989 , Sec . 7 , a t 32 , col . 
2. See also Edwin McDowell , A  Rash of Thoughtful  Best  Sellers Has Made 
Publishers Think,  Too,  N.Y . TIMES, Feb. 11 , 1990, Sec. 4, at 6 , col. 1 . 

88. Joh n M . Smith , What  Can't  the  Computer  Do?,  N.Y . REV. BOOKS, Mar . 
15, 1990 , at 25 . 

89. Michae l D . Lemonick , Those  Computers  Are  Dummies,  TIME , Jun e 25 , 
1990, at 74 . 

90. ROGE R PENROSE , THE EMPEROR'S NE W MIND 30-7 0 (1989) . 
91. Id.  a t 111. 
92. Id.  a t no—11 . Penros e i s no t th e first  t o discus s th e relevanc e o f Godel' s 

theorem t o artificial  intelligence . See,  e.g.,  Joh n R . Lucas , The  Godelian 
Argument, 2  TRUTH 6 4 (1988) . 

93. ROGE R PENROSE , THE EMPEROR'S NE W MIN D 445-4 7 (1989) . 
94. Id.  a t 407. 
95. See,  e.g.,  Georg e Johnson, New  Mind,  No  Clothes,  TH E SCIENCES , Jul./ 

Aug. 1990 , at 45, 48-49 . 
96. Id. 
97. ROGE R PENROSE , THE EMPEROR' S NE W MIN D 41 6 (1989) . 
98. Id. 
99. Id. 

100. GERAL D M . EDELMAN , BRIGH T AIR, BRILLIANT FIR E (1992) . 
101. Books  for  Vacation  Reading,  N.Y.  TIMES,  May 31,  1992,  at  19. 
102. Nigel  Hawkes,  Darwin  Theory  'only  Way  to  Explain  Richness  of  the 

Brain', TIME S [London] , Sept. 8 , 1992 , Home News Sec. 
103. GERAL D M . EDELMAN , BRIGH T AIR, BRILLIANT FIR E 12 5 (1992) . 
104. Id.  a t 194-195 . 
105. Id.  a t 195 . 
106. Thoma s Nagel , The  Mind  Wins!,  N.Y . REV. BOOKS, Mar. 4 , 1993 , at 37 . 



228 •  NOTE S T O CHAPTE R 9 

107. JOH N UPDIKE, RABBIT AT REST 237 (1990) . 
108. ROBER T M . VEATCH , DEATH , DYIN G AN D TH E BIOLOGICA L 

REVOLUTION: OUR LAST QUEST FOR RESPONSIBILITY 1 9 (1989) . 
109. PRESIDENT' S COMMISSIO N FO R THE STUDY O F ETHICAL PROB-

LEMS I N MEDICIN E AN D BIOMEDICA L AN D BEHAVIORA L RE -
SEARCH, DEFININ G DEATH : A  REPOR T O N TH E MEDICAL , LE -
GAL AND ETHICA L ISSUE S I N THE DETERMINATION O F DEAT H 
14-15(1981). 

n o . Id. 
i n . Id.  at 15 , 21. 
112. Id.  at 16. 
113. See,  e.g., Georg e Alexander, Science "Body  Shop" Offers  Spare  Parts, L.A . 

TIMES, Aug. 19 , 1973 , Sec. 1 , at 1 , col. 1 . 
114. ARTIFICIA L HEART  ASSESSMEN T PANEL , NATIONA L HEAR T 

AND LUN G INSTITUTE , TH E TOTALL Y IMPLANTABL E ARTIFI -
CIAL HEART 5-1 1 (1973) , reprinted  in  GEORGE J. ANNAS , ET . AL. , 
AMERICAN HEALTH LAW 912 (1990) . 

115. Id. 
116. Id. 
117. ANDRE W C . VARGA, THE MAIN ISSUES IN BIOETHICS 16 1 (1980. ) 
118. Id.  at 21-24 . 
119. Id.  at 22-30 . 
120. A d Ho c Committe e o f th e Harvar d Medica l School , A  Definition  of  Irre-

versible Coma,  20 5 J.A.M.A. 33 7 (1968) . 
121. Id.  at 339. 
122. Id.  at 337-340 . 
123. Id.  at 340. 
124. Davi d R . Smith , Legal  Recognition  of  Neocortical  Death,  7 1 CORNEL L 

L. REV. 850, 857-58(1986) . 
125. Id.  at 857. 
126. Id.  at 857. 
127. PRESIDENT' S COMMISSIO N FO R THE STUDY O F ETHICAL PROB-

LEMS I N MEDICIN E AN D BIOMEDICA L AN D BEHAVIORA L RE -
SEARCH, DEFININ G DEATH : A  REPOR T O N TH E MEDICAL , LE -
GAL AND ETHICA L ISSUE S IN TH E DETERMINATION O F DEAT H 
38(1981). 

128. Davi d R . Smith , Legal  Recognition  of  Neocortical  Death,  7 1 CORNEL L 
L. REV. 850,851,857(1986) . 

129. Id.  at 857-58 . 
130. Id.  at 858. 
131. Editorial,  Death  of  a Human Being,  2 LANCET 590  (1971). 
132. Id.  at 590, 591. 
133. See  text accompanying note 67 , infra. 
134. O n th e questio n o f whethe r th e provisio n o f artificia l feedin g i s i n fac t 



NOTES T O CHAPTE R 9  •  2 2 9 

treatment, see  ROBERT M . VEATCH, DEATH , DYING AN D THE BIO-
LOGICAL REVOLUTION : OU R LAS T QUEST FO R RESPONSIBILIT Y 
83-85(1989). 

135. See  text accompanying note s 68—69 , infra. 
136. Alexande r M . Capro n an d Leonar d Kass , A  Statutory  Definition  of  the 

Standards for  Determining  Human  Death:  An  Appraisal  and  a  Proposal, 
121 U. PA. L. REV. 87(1972) . 

137. Id.  a t 89-91 , i n . 
138. Id.  a t 114-15 . 
139. Id.  a t 115 , n.97. 
140. Id. 
141. Id. 
142. PRESIDENT' S COMMISSIO N FO R TH E STUDY  O F ETHICA L PROB -

LEMS I N MEDICIN E AN D BIOMEDICA L AN D BEHAVIORA L RE -
SEARCH, DEFININ G DEATH : A  REPOR T O N TH E MEDICAL , LE -
GAL AN D ETHICA L ISSUE S I N TH E DETERMINATIO N O F DEAT H 
2(1981) . 

143. PRESIDENT S COMMISSIO N FO R TH E STUD Y O F ETHICA L PROB -
LEMS I N MEDICIN E AN D BIOMEDICA L AN D BEHAVIORA L RE -
SEARCH, DECIDIN G T O FOREG O LIFE-SUSTAININ G TREATMEN T 
190(1983) . 

144. Davi d R . Smith , Legal  Recognition  of  Heocortical  Death,  7 1 CORN . L . 
REV. 850, 853-55 (1986) . 

145. Cruza n v . Director , Missour i Departmen t o f Health , 5 8 U.S . L. W. 4916 , 
4939 (Stevens , J., dissenting) . 

146. Id.  a t n.21 . 
147. Fo r a  discussio n an d a  critiqu e o f th e numerou s theorie s unde r whic h 

courts hav e determine d whethe r t o allo w th e cessatio n o f treatmen t i n a 
variety o f setting s se e Nanc y K . Rhoden , Litigating  Life  and  Death,  10 2 
HARV. L . REV. 37 5 (1988) . Court s have , fo r example , use d th e "subjec -
tive" approac h unde r whic h th e questio n i s whethe r patients , throug h a 
living wil l o r otherwise , hav e mad e thei r wishe s clea r prio r t o incapacita -
tion, a s wel l a s th e "objective " approac h unde r whic h th e questio n i s 
whether th e benefit s o f th e patients ' lif e outweigh s th e costs . Id.  See  also 
Rebecca Dresser , Life,  Death,  and  Incompetent  Patients:  Conceptual  In-
firmities and  Hidden  Values  in  the Law,  2 8 ARIZ. L . REV. 37 3 (1986) . 

148. Nanc y K . Rhoden , Litigating  Life  and  Death,  10 2 HARV . L . REV . 375 , 
4 2 0 ( 1 9 8 8 ) . 

149. Sidne y Wanzer , et . al. , The  Physician's  Responsibility  Toward  Hopelessly 
III Patients: A  Second  Look,  32 0 NEW ENG . J. MED. 84 4 (1989) . 

150. I n th e Matte r o f Kare n Quinlan , 35 5 A.2 d 647 , 65 4 (1976) , cert,  denied, 
429 U.S . 922 (1976) . The Quinlan cour t approved remova l of a  respirator . 
Id. As it developed, Ms . Quinlan, like many i n a persistent vegetative state , 
was abl e t o breath e o n he r own , an d thus , because n o effor t wa s mad e t o 



2 3 0 •  NOTE S T O CHAPTE R 9 

remove he r feedin g tube , sh e survive d fo r nin e year s afte r th e respirato r 
was removed . Cruza n v . Harmon , 76 0 S.W.i d 408 , 40 9 nn.6, 7 (Mo . 
i988)(en banc) . 

151. Broph y v . New Englan d Sina i Hospital , Inc. , 497 N.E.2 d 626 , 635 (Mass . 
1986). 

152. Gra y v . Romeo, 697 F . Supp. 580 , 58 8 (D . R.I. 1988) . 
153. Davi d R . Smith , Legal  Recognition  of  Neocortical  Death,  7 1 CORN . L . 

REV. 850, 858 (1986) . 
154. Id. 
155. ROBER T M . VEATCH , DEATH , DYIN G AN D TH E BIOLOGICA L 

REVOLUTION: OU R LAS T QUEST FOR RESPONSIBILIT Y 2 7 (1989) . 
156. Id.  a t 25 . 
157. Willia m C . Charron , Death:  A  Philosophical  Perspective  on  The  Legal 

Definitions, 197 5 WASH. U. L. Q. 979 , 100 2 (1975) . 
158. Michae l B . Green an d Danie l Wilder , Brain  Death  and  Personal  Identity, 

9 PHIL . 6 c PUB . AFF . 105 , 12 6 (1980) . Fo r a  genera l discussio n o f 
philosophical issue s relatin g t o th e persistenc e o f persona l identity , se e 
ROBERT NOZICK , PHILOSOPHICA L EXPLANATION S 29-11 4 
(1981). 

159. Alle n E . Buchanan , The  Limits  of  Proxy  Decisionmaking  for  Incompe-
tents, 2 9 UCLA L . REV. 386 , 404 n.52 , 408 (1981) . 

160. Davi d R . Smith , Legal  Recognition  of  Neocortical  Death,  7 1 CORN . L . 
REV. 850 , 85 9 (1986) . A similar approac h fo r th e beginnin g o f life , wit h 
implications fo r abortion , i s presented i n Gary Gertler , Note , Brain  Birth: 
A Proposal  for  Defining  When  a  Fetus  Is Entitled  to  Human  Life  Status, 
59 S. CAL. L. REV. 106 1 (1986) . 

161. See  text accompanying note s 67-69 , supra. 
162. ROBER T M . VEATCH , DEATH , DYIN G AN D TH E BIOLOGI -

CAL REVOLUTION : OU R LAS T QUES T FO R RESPONSIBILIT Y 3 1 
(1989). 

163. Alle n E . Buchanan , The  Limits  of  Proxy  Decisionmaking  for  Incompe-
tents, 2 9 UCLA L. REV. 386 , 404 (1981) . 

164. 49 7 U.S . 26 1 (1990) . 
165. Tama r Lewin , Nancy  Cruzan  Dies,  Outlived  by  a  Debate  Over  the  Right 

to Die,  N.Y . TIMES, Dec. 27, 1990 , at Ai , col . 5 . 
166. Tha t ste p migh t brin g to th e foregroun d th e debat e ove r whethe r comput -

ers shoul d hav e rights . See,  e.g.,  Phi l McNall y &C  Sohai l Inayatullah , The 
Rights of  Robots,  2 0 FUTURE S 11 9 (1988) ; JUDIT H AREE N E T AL. , 
LAW, SCIENC E AN D MEDICIN E 39 5 (Supp . 1989) . O f course , tha t 
debate migh t als o raise the question o f whethe r peopl e should hav e rights . 
FRANK ROSE , INT O TH E HEAR T O F TH E MIN D 12 4 (1984) . Fo r 
an extensiv e discussio n o f th e lega l statu s o f "unconventiona l entitie s 
generally—not merel y lake s an d mountains , bu t robot s an d embryos , 
tribes and species , future generation s and artifacts" , see Christopher Stone , 



NOTES T O CHAPTE R 9  •  23 1 

Should Trees  Have  Standing?  Revisited:  How  Far  Will Law  And  Morals 
Reach? A Pluralist  Perspective,  5 9 S. CAL. L. REV. 1 , 8 (1985). 

167. On e commentato r ha s suggeste d tha t wha t make s human s uniqu e i s ou r 
desire t o prov e w e ar e unique . Pau l Chance , Apart  from  the  Animals: 
There Must  Be  Something  about  Us  that  Makes  Us  Unique,  PSYCHOL . 
TODAY, Jan. 1988 , at 18-19 . 

168. ROBER T M . VEATCH , DEATH , DYIN G AN D TH E BIOLOGICA L 
REVOLUTION: OU R LAS T QUES T FO R RESPONSIBILIT Y 28-2 9 
(1989). Veatch suggest s tha t distinguishin g between th e capacity fo r socia l 
interaction an d consciousnes s ma y no t b e relevan t t o th e definitio n o f 
death. Id.  at 29; but see  Kevin P. Quinn, The Best Interests of  Incompetent 
Patients: The  Capacity  for  Interpersonal  Relationships  as  a  Standard  for 
Decisionmaking, 7 6 CAL . L . REV . 89 7 (1988 ) an d Nanc y K . Rhoden , 
Litigating Life  and  Death,  10 2 HARV . L . REV . 375 , 44 2 (1988) . Fo r 
others wh o suppor t "th e capacit y t o .  . . interact" a s crucial , see  Rebecc a 
Dresser, Life,  Death,  and  Incompetent  Patients:  Conceptual  Infirmities 
and Hidden  Values  in  the Law,  2 8 ARIZ. L. REV. 373 , 401 n.163 (1986) ; 
see also  Alle n E . Buchanan , The  Limits  of  Proxy  Decisionmaking  for 
Incompetents, 2 9 UCLA L. REV. 386 , 404 n.5 2 (1981) . 

169. Jo e Patric k Bean , Chess  By  Computer:  Is  This  Progress?,  CHRISTIA N 
SCI. MONITOR, Oct . 16 , 1989 , at 18 , col. 1 . 

170. Kevi n P. Quinn, The  Best  Interests  of  Incompetent  Patients:  The  Capacity 
for Interpersonal  Relationships  as  a  Standard  for  Decisionmaking,  j6 
CAL. L. REV. 897, 932 (1988) . 

171. Id.  a t 935 . See  also  Rebecc a Dresser , Life,  Death,  and  Incompetent  Pa-
tients: Conceptual  Infirmities  and Hidden  Values  in the Law,  2 8 ARIZ. L. 
REV. 373 , 401, n.163 (1986) . 

172. Nanc y K . Rhoden , Litigating  Life  and  Death,  10 2 HARV . L . REV . 375 , 
442(1988). 

173. Id.  Rhode n als o discusse s th e impac t o f pai n o n treatmen t issues , id.,  a n 
issue beyond th e scope of thi s volume. 

174. See  note 150 , supra. 
175. See  text accompanying note s 68—69 , supra. 
176. Rebecc a Dresser , Life,  Death  and  Incompetent  Patients:  Conceptual  In-

firmities and  Hidden  Values  in  the  Law,  2 8 ARIZ . L . REV . 373 , 40 2 
(1986). 

177. In  re  Conroy, 486 A.2d 120 9 (N.J . 1985) . 
178. Id.  Ms . Conro y ha d die d b y th e tim e th e Suprem e Cour t o f Ne w Jerse y 

decided th e case , bu t th e cour t reache d th e merit s o n th e groun d tha t thi s 
was a  matter capabl e of repetitio n tha t coul d evade review. Id.  a t 1219 . 

179. Id.  a t 1217 . 
180. Id. 
181. Id.  a t 1242-43 . 
182. Th e inquir y int o Ms . Conroy' s inten t wa s describe d a s th e "subjective " 



2 3 2 •  NOTE S T O CHAPTE R 9 

test. Id. at 1229, 1242 , 1243 . The weighing of benefits and burdens, which 
comes int o pla y whe n ther e i s som e evidenc e tha t th e patien t wante d 
treatment terminated , was called the "limited-objective " test . Id.  a t 1232 , 
1243. Th e inquir y int o th e possibl y inhuman e treatmen t tha t prolong s a 
painful existenc e was termed the "pure-objective" test . Id.  a t 1232 , 1243 . 

183. Kevi n P . Quinn, The  Best  Interests  of  Incompetent  Patients:  The  Capacity 
for Interpersonal  Relationships  as  a  Standard  for  Decisionmaking,  j6 
CAL. L . REV. 897 , 93 6 (1988) . Quin n i s discussing a  hypothetical Mr . Q 
who i s based i n part on Ms . Conroy . Id.  a t 89 7 n.i . H e concludes tha t if 
Mr. Q  lack s th e capacit y fo r socia l interaction—whic h Ms . Conro y 
lacks—prolongation o f life is inappropriate. Id.  a t 936. 

184. Nanc y K . Rhoden , Litigating  Life  and  Death,  10 2 HARV . L . REV . 375 , 
376-378, 403-10 , 442 . (1988). 

185. Id.  at 442. 
186. Id.  at 409. 
187. See,  e.g.,  Steve n Goldberg , The  Reluctant  Embrace:  Law  and  Science  in 

America, 7 5 GEO . L.J. 1341 , 134 4 (1987) . 
188. Id. 
189. See  PETE R SINGER , ANIMA L LIBERATIO N 79-80 , 206- 7 (2 d ed . 

1990). 
190. ABRAHA M S. GOLDSTEIN, THE INSANITY DEFENSE 211-12 (1967) . 
191. See  Notes and  Questions  on  Medical  Care  at  the  End  of  Life,  in  CLARK 

C. HAVIGHURST,  HEALT H CAR E LA W AN D POLIC Y 1255-5 7 
(i988)("Courts ar e likel y t o b e highl y vigilan t agains t an y sig n tha t th e 
elderly an d sic k ar e bein g writte n off . Economi c consideration s ar e o f 
course rarely even alluded to in these cases. [Wil l it always be so?]") 

192. Ja y A . Friedman , Taking  the  Camel  by  the  Nose:  The  Anencephalic  as  a 
Source for Pediatric  Organ  Transplants,  9 0 COLUM. L. REV. 917 (1990) . 

193. See  PETE R SINGER , ANIMA L LIBERATIO N 7 2 (2 d ed . 1990 ) an d 
ABRAHAM S. GOLDSTEIN, THE INSANITY DEFENSE 211-12 (1967) . 

194. ROBER T M . VEATCH , DEATH , DYIN G AN D TH E BIOLOGICA L 
REVOLUTION: OU R LAS T QUEST FOR RESPONSIBILIT Y 20-21 , 2 2 
(1989). 

Notes to  Chapter  10 

1. VANNEVA R BUSH , SCIENCE: THE ENDLESS FRONTIER 1 2 (i960) . 
2. Stephe n G . Carter , The  Bellman,  the  Snark,  and the  Biohazard  Debate,  3 

Yale L. & Pol'y Rev. 358 , 393 (1985) . 



Bibliography 

Adair, Douglass , "That  Politics  May  Be  Reduced  to  a  Science":  David  Hume, 
James Madison,  and  the  Tenth  Federalist,  2 0 HUNTINGTO N LIB . Q . 34 3 
(i957). 

Adams, W . H. , Public  Aid  for  the  Arts:  A  Change  of  Heart?,  in  CULTURA L 
POLICY AND ART S ADMINISTRATION (Stephe n A. Greyser, ed., 1973) . 

Alexander, George , Science "Body  Shop " Offers Spare  Parts, L.A . TIMES, Aug. 
i9>i973-

Anderson, W. French, Human Gene  Therapy,  25 6 SCIENCE 808 (1992) . 
AREEN, JUDITH, ET AL., LAW, SCIENCE AND MEDICINE (1984) . 
Baldwin, Gordo n B. , Law  in  Support  of  Science:  Legal  Control  of  Basic  Re-

search Resources, 5 4 GEO. L.J. 55 9 (1966) . 
BARBER, BERNARD, SCIENCE AND THE SOCIAL ORDER (1952.) . 
BARFIELD, CHARLES E., SCIENTIFIC POLICY FROM FORD TO REAGAN : 

CHANGE AND CONTINUITY (1982) . 
Bazelon, David , Coping  with  Technology  through  the  Legal  Process,  6 2 COR -

NELL L. REV. 817 (1977) . 
Bean, Jo e Patrick , Chess  by  Computer:  Is  This  Progress?,  CHRISTIA N SCI . 

MONITOR, Oct . 16 , 1989 . 
BECKER, CARL , TH E HEAVENL Y CIT Y O F TH E EIGHTEENTH-CEN-

TURY PHILOSOPHERS (1932) . 
BELL, WHITFIELD, EARL Y AMERICA N SCIENCE : NEED S AN D OPPOR -

TUNITIES FOR STUDY (1955) . 
BELLAH, ROBER T N. , TH E BROKE N COVENANT : AMERICA N CIVI L 

RELIGION IN TIME OF TRIAL (2d ed. 1992) . 
Bellamy, Calvin , Item  Veto:  Shield  against  Deficits  or  Weapon  of  Presidential 

Power? 2 2 VAL. U. L. REV. 557 (1988) . 
BENDINI, SALVIO A., THE LIFE OF BENJAMIN BANNEKER (1972) . 
BENDINI, SALVIO A., THINKERS AND TINKERS (1975) . 

233 



2 3 4 *  BIBLIOGRAPH Y 

Berger, Peter L. , Religion in  a Revolutionary Society,  in  AMERICA'S CONTIN -
UING REVOLUTION (1975) . 

BEYERCHEN, ALA N D. , SCIENTISTS UNDER HITLE R (1977) . 
Bezak, Elizabet h M. , Note , DNA  Profiling  Evidence:  The  Need  for  a  Uniform 

and Workable  Evidentiary  Standard  of  Admissibility,  2 6 VAL . U . L . REV . 
595 (1992-) -

BILLINGTON, DAVI D P. , THE TOWER AN D THE BRIDG E (1983) . 
Bird, Wendell R. , Freedom of  Religion and  Science Instruction in  Public Schools, 

87 YALE L.J . 515(1978) . 
BISHOP, JERR Y E . &  WALDHOLZ , MICHAEL , GENOME : TH E STOR Y 

OF TH E MOS T ASTONISHIN G SCIENTIFI C ADVENTUR E O F OU R 
TIME (1990) . 

Block, Ned , Troubles  with  Functionalism,  in  PERCEPTIO N AN D COGNI -
TION: ISSUE S I N TH E FOUNDATIO N O F PSYCHOLOG Y (C . Savage , 
ed., 1978) . 

BODENHEIMER, EDGAR , PHILOSOPH Y O F RESPONSIBILITY (1980) . 
BOORSTIN, DANIE L J. , TH E AMERICANS : TH E COLONIA L EXPERI -

ENCE (1958) . 
BOORSTIN, DANIE L J. , TH E LOS T WORL D O F THOMA S JEFFERSO N 

( i960) . 
BOORSTIN, DANIE L J., THE REPUBLI C OF TECHNOLOGY (1978) . 
BOREK, ERNEST, THE CODE O F LIFE (1965) . 
Bork, Rober t H. , Neutral  Principles  and  Some  First  Amendment Problems,  4 7 

IND. L.J . 1(1971) . 
BOWDEN, MARY W., PHILI P FRENEAU (1976) . 
Bowman, Isaiah , Jeffersonian  "Freedom  of  Speech"  from  the  Standpoint  of 

Science, 8 2 SCIENCE 52 9 (1935) . 
BRANT, IRVING , JAME S MADISON : FATHE R O F TH E CONSTITUTIO N 

(1950). 
Brasch, Frederick E. , The  Newtonian  Epoch  in  the American Colonies,  4 9 AM . 

ANTIQUARIAN SOC Y PROC . 31 4 (1939) . 
Brest, Paul , Palmer  v.  Thompson:  An  Approach  to  the  Problem  of  Unconstitu-

tional Legislative  Motive,  197 1 SUP. CT. REV. 95 (1971) . 
BROMBERG, JOA N L. , FUSION : SCIENCE , POLITICS , AN D TH E INVEN -

TION O F A NEW ENERG Y SOURC E (1982) . 
Brooks, Harvey , The  Scientific  Advisor,  in  SCIENTIST S AN D NATIONA L 

POLICY-MAKING (Rober t Gilpin 6 c Christopher Wright , eds. , 1964) . 
Bruce, Rober t V. , A  Statistical  Profile  of  American  Scientists  1846-18J6,  in 

NINETEENTH CENTUR Y AMERICA N SCIENCE : A  REAPPRAISA L 
(George H. Daniels , ed., 1972) . 

Brustein, Robert , The  Artist  and  the  Citizen,  NE W REPUBLIC , June 24 , 1978 . 
Buchanan, Allen E. , The  Limits  of  Proxy  Decisionmaking  for  Incompetents,  2 9 

U.C.L.A.L. REV . 386(1981) . 



BIBLIOGRAPHY •  2 3 5 

Bue, Nancy L. , Comment,  in  LA W AND SCIENC E I N COLLABORATIO N (J . 
Daniel Nyhar t &  Milto n M . Carrow, eds. , 1983) . 

BUGBEE, BRUC E W. , GENESI S O F AMERICA N PATEN T AN D COPY -
RIGHT LAW (1967) . 

BUPP, IRVI N C . &  DERIAN , JEAN-CLAUDE , LIGH T WATER : HO W TH E 
NUCLEAR DREA M DISSOLVE D (1978) . 

Burdick, Charle s K. , Federal Aid Legislation,  8  CORNELL L . Q. 32 4 (1923) . 
BURKE, EDMUND, SELECTE D WRITING S AN D SPEECHE S (Pete r J. Stanli s 

ed., 1963) . 
BURNS, EDWAR D M. , JAME S MADISON : TH E PHILOSOPHE R O F TH E 

CONSTITUTION (1968) . 
BURY, J. B. , THE IDE A OF PROGRESS (1932) . 
BUSH, VANNEVAR, SCIENCE : THE ENDLES S FRONTIER (i960) . 
Byrne, Robert , Chess-Playing  Computer  Closing  in  on  Champions,  N . Y . 

TIMES, Sept. 26 , 1989 . 
Capron, Alexande r M . & C Kass, Leonard , A  Statutory  Definition  of  the  Stan-

dards for  Determining  Human  Death:  An  Appraisal  and  a  Proposal,  12 1 U . 
PA. L. REV. 87(1972) . 

Carse, James P. , Of  Death  and  Dying/Of  Life  and  Living,  NE W CATHOLI C 
WORLD, Nov./Dec. 1987 . 

Carter, Stephen L. , The Bellman, the  Snark, and the  Biohazard Debate,  3  YALE 
L. &POL'Y REV . 358(1985) . 

CARTER, STEPHE N L. , THE CULTUR E O F DISBELIEF : HO W AMERICA N 
LAW AND POLITIC S TRIVIALIZE RELIGIOU S DEVOTION (1993) . 

CASSARA, ERNEST, THE ENLIGHTENMEN T I N AMERICA (1975) . 
CASSIRER, ERNST , TH E PHILOSOPH Y O F TH E ENLIGHTENMEN T 

(i960). 
Cave, R.J. , Pick  Your  Poison,  36 2 NATURE 20 4 (Mar . 18 , 1993) . 
CHAFFEE, ZECHARIAH, FRE E SPEECH I N THE UNITE D STATE S (1967) . 
Chalk, Rosemary , Impure  Science:  Fraud, Compromise,  and  Political  Influence 

in Scientific Research, 96 TECH. REV. 69 (1993) . 
Chance, Paul, Apart from  the  Animals: There  Must Be  Something About  Us  that 

Makes Us  Unique,  PSYCHOL . TODAY, Jan. 1988 . 
Charron, Willia m C , Death:  A  Philosophical  Perspective  on  the  Legal  Defini-

tions, 197 5 WASH. U. L. Q. 97 9 (1975) . 
Christen, D . K . &c  Thompson , J . R. , Superconductivity:  Current  Problems  at 

High T c, 36 4 NATURE 9 8 (Jul y 8 , 1993) . 
Churchland, Pau l M . &  Churchland , Patrici a Smith , Could  a  Machine  Think?, 

SCI. AM., Jan. 1990 . 
CIBINIC, JOH N &c  NASH , RALP H C , GOVERNMEN T CONTRAC T 

CLAIMS (1981) . 
Clark, Harr y H. , The  Influence  of  Science  on  American  Ideas:  From  1775  to 

1809, 3 5 TRANSACTIONS WIS . ACAD. 312 (1943) . 



2 3 6 •  BIBLIOGRAPH Y 

Clark, Harr y H. , To  Promote  the  Progress  of  .  . . Useful  Arts,  4 3 N.Y.U . L . 
REV. 88(1968) . 

CLEAVELAND, FREDERI C N. , SCIENC E AN D STAT E GOVERNMEN T 
(i959)-

COCHRANE, REXMOND C , MEASURE S FOR PROGRESS (1966) . 
COHEN, I . BERNARD, FRANKLIN AND NEWTON (1966) . 
COHEN, I . BERNARD, REVOLUTION I N SCIENCE (1985). 
Cohen, I . Bernard, Science and the  Growth  of  the  American Republic,  3  8 REV. 

POL. 359 (1976) . 
Cohen, I. Bernard, Science and the  Revolution, 4 7 TECH. REV. 367 (1945) . 
Cohen, Noam , Meta-Musings:  The  Self-Reference  Craze,  NE W REPUBLIC , 

Sept. 5 , 1988 . 
Cole, Stephen , e t al. , Chance  and  Consensus  in  Peer  Review,  21 4 SCIENC E 

881 (1981) . 
Conn, Rober t W. , e t al. , The  International  Thermonuclear  Experimental  Reac-

tor, SCI . AM., Apr. 1992 . 
Cook-Deegan, Rober t M. , The  Human  Genome  Project:  The  Formation  of 

Federal Policies  in  the  United  States,  1986-1990,  in  BIOMEDICA L POLI -
TICS (Kathi E. Hanna, ed., 1991) . 

COOLEY, THOMA S M. , A  TREATISE O N TH E LAW O F TORTS O R TH E 
WRONGS WHIC H ARIS E INDEPENDEN T O F CONTRAC T (2 d ed . 
1888). 

CORNELIUS, DAVI D K . &  ST . VINCENT , EDWIN , CULTURE S I N CON -
FLICT: PERSPECTIVE S O N TH E SNOW-LE A VIS CONTROVERS Y 
(1964). 

Crawford, Mark , Hot  Fusion:  A Meltdown  in  Political Support,  24 1 SCIENC E 
1534 (1990) . 

CURTI, MERLE , TH E GROWT H O F AMERICA N THOUGH T (3r d ed . 
1982). 

DAC ANDRADE, EDWARD N., SIR ISAAC NEWTON (1954) . 
DAHRENDORF, RALF , DIE ANGEWANDTE AUFLAURUNG (1968) . 
DANIELS, GEORGE H., AMERICA N SCIENC E IN THE AGE OF JACKSON 

(1968). 
Daniels, Georg e H. , Introduction,  in  NINETEENTH CENTUR Y AMERICA N 

SCIENCE: A REAPPRAISAL (Georg e H. Daniels , ed., 1972) . 
DANIELS, GEORGE H., SCIENCE IN AMERICAN SOCIETY (1971) . 
DARWIN, CHARLES , VARIATIO N O F ANIMAL S AN D PLANT S UN -

DER DOMESTICATIO N (Pau l H . Barret t &  R . B . Freeman , eds. , 1988 ) 
(1873). 

Delgado, Richard & Millen , David R. , God,  Galileo,  and  Government:  Toward 
Constitutional Protection  for  Scientific  Inquiry,  5 3 WASH . L . REV . 34 9 
(1978). 

Dennett, Danie l C , Introduction  t o THE MIND'S I  (D. R. Hofstadte r &  D . C . 
Dennett, eds., 1981) . 



BIBLIOGRAPHY •  2 3 7 

DE TOCQUEVILLE , ALEXIS , DEMOCRAC Y I N AMERIC A (Ne w York , 
Sever 6c Francis, 1862 ) (1841) . 

Dickson, John, Towards  a  Democratic Strategy  for  Science,  SCI. FOR PEOPLE, 
July/Aug. 1984 . 

Donald, David , Uniting  the  Republic,  in  TH E GREA T REPUBLI C 735-5 8 
(Bernard Bailyn , et al. , eds., 1977) . 

Dresser, Rebecca, Life,  Death,  and  Incompetent  Patients:  Conceptual  Infirmities 
and Hidden Values  in the Law,  2 8 ARIZ. L. REV. 37 3 (1986) . 

Dreyfus, Danie l A . &  Ingram , Hele n M. , The  National  Environmental  Policy 
Act: A  View  of  Intent and  Practice,  1 6 NAT. RESOURCES J. 243 (1976) . 

Dudney, Rober t S. , et al., The  Legacies of  World  War  II:  The Nuclear Age,  U.S . 
NEWS & WORL D REP. , Aug. 5 , 1985 . 

DUPREE, A . HUNTER , SCIENC E I N TH E FEDERA L GOVERNMENT : A 
HISTORY O F POLICIES AND ACTIVITIE S TO 194 0 (1957) . 

EDELMAN, GERAL D M. , BRIGHT AIR, BRILLIANT FIR E (1992) . 
Editorial, Death  of  a Human Being,  2  LANCET 59 0 (1971) . 
Edsall, Joh n T. , Scientific  Freedom  and  Responsibility:  Report  of  the  AAAS 

Committee on  Scientific  Freedom  and  Responsibility,  18 8 SCIENC E 68 7 
(i975)-

EISENHOWER, DWIGH T D. , TH E ATO M FO R PROGRES S AN D PEAC E 
(Dec. 8, 1953) -

ELAZAR, DANIE L J., THE AMERICA N PARTNERSHI P (1962) . 
Elmer-Dewitt, Philip , In Search  of  Artificial  Life,  TIME , Aug. 6, 1990 . 
Ely, John H. , Legislative  and  Administrative  Motivation  in  Constitutional  Law, 

79 YALE L. J. 120 5 (1970) . 
Emerson, Thoma s I. , Colonial  Intentions  and  Current  Realities  of  the  First 

Amendment, 12 5 U. PA. L. REV. 737 (1977) . 
Emerson, Thoma s I. , Toward  a  General  Theory  of  the  First  Amendment,  7 2 

YALE L.J. 87 7 (1963) . 
Emerson, Thoma s I . &c  Haber , Herbert , The  Scopes  Case  in  Modern  Dress,  2 7 

U. CHI. L. REV. 522(1960) . 
EVANS, CHRISTOPHER, TH E MAKIN G O F THE MICRO : A  HISTORY O F 

THE COMPUTE R (1981) . 
EVE, RAYMON D A . &  HARROLD , FRANCI S B. , TH E CREATIONIS T 

MOVEMENT I N MODERN AMERIC A (1991) . 
FARRAND, MAX, RECORD S O F THE FEDERA L CONVENTIO N (1911) . 
Faulkner, Rober t K. , John Marshall  in  History,  in  JOHN MARSHAL L (Stanle y 

I. Kutler, ed., 1972) . 
Fearey, Robert , The  Concept  of  Responsibility,  4 5 J . CRIM . L. , CRIMINOL -

OGY & POL . SCI. 21 (1954) . 
Federico, P . J. , Colonial  Monopolies  and  Patents,  n  J . PAT . OFF . SOC Y 

358 (1929) . 
Feinberg, Lawrence , Colleges  Bypass  Agencies  to  Get  Federal  Funds,  WASH . 

POST, June 5 , 1984 . 



2 3 8 •  BIBLIOGRAPH Y 

Fenning, Karl , The  Origin  of  the  Patent  and  Copyright  Clause  of  the  Constitu-
tion, 1 7 GEO. L.J . 10 9 (1929) . 

Ferguson, James R. , Scientific  Inquiry and  the  First  Amendment, 6 4 CORNEL L 
L. REV. 639 (1979) . 

Finke, Roger, An Unsecular  America,  in  RELIGION AN D MODERNIZATIO N 
148-49 (Stev e Bruce, ed., 1992) . 

Fitchett, Joseph , In  U.S.,  the  Economics  of  Culture,  INT' L HERAL D TRIB. , 
Oct. 30 , 1993 . 

FLAVIN, CHRISTOPHER , ELECTRICIT Y FRO M SUNLIGHT : TH E FU -
TURE OF PHOTOVOLTAICS (1982) . 

FLEXNER, JAME S T. , TH E YOUN G HAMILTON : A  BIOGRAPH Y 4 7 
(1978). 

Francione, Gar y L. , Experimentation  and  the  Marketplace  Theory  of  the  First 
Amendment, 13 6 U. PA. L. REV. 417 (1987) . 

Fredrickson, Donal d S. , Asilomar  and  Recombinant  DNA:  The  End  of  the 
Beginning, in  BIOMEDICAL POLITIC S (Kath i E . Hanna, ed. , 1991) . 

FREEMAN, S . D., ENERGY: THE NEW ER A (1974) . 
Freneau, Phili p M . &  Brackenridge , H . H. , The  Rising  Glory  of  America,  in 

POEMS O F FRENEAU (Harr y H . Clark , ed. , 1929) . 
FREUD, SIGMUND, A  GENERAL INTRODUCTIO N T O PSYCHO-ANALY -

SIS (rev . ed . 1935 ) reprinted  in  GREA T BOOK S O F TH E WESTER N 
WORLD (R . M. Hutchins , ed. , 1952) . 

Friedman, Herbert , Big  Science  vs.  Little  Science:  The  Controversy  Mounts,  1 
COSMOS 8  (1991) . 

Friedman, Jay A., Taking  the  Camel  by  the  Nose: The  Anencephalic as  a Source 
for Pediatric  Organ  Transplants,  9 0 COLUM. L . REV. 917 (1990) . 

Furrow, Barry  R.,  et  ai,  BIOETHICS : HEALT H CAR E LA W AN D ETHIC S 
( i 9 9 i ) -

GALLAGHER, ANDREW K. , THE LA W OF FEDERAL NEGOTIATED CON -
TRACT FORMATION (1981) . 

GAY, PETER , TH E ENLIGHTENMENT : A  COMPREHENSIV E ANTHOL -
OGY (1973) . 

GAY, PETER, THE ENLIGHTENMENT : A N INTERPRETATION (1969) . 
GELLHORN, WALTER , SECURITY, LOYALTY AND SCIENCE (1950) . 
Gertler, Gary , Note , Brain  Birth:  A  Proposal  for  Defining  When  a  Fetus  Is 

Entitled to  Human  Life  Status,  5 9 S. CAL. L. REV. 106 1 (1986) . 
Gibson, Steve , Someone Needs  to  Reinvent  America's  Outdated  Patent  System, 

INFOWORLD, Aug . 24 , 1992 . 
Gilleland, Joh n R. , e t al. , Moving  Ahead  with  Fusion,  ISSUE S I N SCIENC E 

AND TECHNOLOGY, Summe r 1990 . 
GILMORE, GRANT, THE AGES OF AMERICAN LA W (1977) . 
Gladwell, Malcolm, Thinking  Like  Humans,  WASH . POST, Mar. 5 , 1990 . 
Glantz, Stanto n A . 8 c Albers , N . V. , Department  of  Defense  R&D  in  the 

University, 18 6 SCIENCE 70 6 (1974) . 



BIBLIOGRAPHY •  2 3 9 

Goldberg, Steven , The  Central  Dogmas  of  Law  and  Science,  3 6 J . LEGA L 
EDUC. 37 (1986) . 

Goldberg, Steven, The Changing Face of Death:  Computers,  Consciousness,  and 
Nancy Cruzan,  4 3 STAN. L. REV. 659 (1991) . 

Goldberg, Steven , The  Constitutional  Status  of  American  Science,  197 9 U . ILL. 
L. FOR. 1  (1979). 

Goldberg, Steven , Controlling  Basic  Science:  The  Case  of  Nuclear  Fusion,  6 8 
GEO. L.J . 707(1980) . 

Goldberg, Steven , Narrowing  the  Regulatory  Gap  Between  Law  and  Science: 
The Prospects  for  Superconductivity,  1  CTS. , HEALT H SCI . &  LA W 16 3 
(3990). 

Goldberg, Steven , On  Legal  and Mathematical  Reasoning,  2 2 JURIMETRICS J. 
8 3 ( 1 9 8 1 ) . 

Goldberg, Steven , The  Reluctant  Embrace:  Law  and  Science  in  America,  7 5 
GEO. L.J . 1341(1987) . 

GOLDSTEIN, ABRAHA M S. , THE INSANIT Y DEFENS E (1967) . 
GOLDSTINE, HERMA N H. , TH E COMPUTE R FRO M PASCA L T O VO N 

NEWMANN(i972). 
GOODCHILD, PETER , J . ROBER T OPPENHEIMER : SHATTERE R O F 

WORLDS (1981) . 
GOODELL, RAE , THE VISIBLE SCIENTISTS (1977) . 
GOSSELIN, ROBER T E. , ET AL., CLINICAL TOXICOLOG Y O F COMMER -

CIAL PRODUCTS (1984) . 
GRAFF, GERALD , LITERATUR E AGAINS T ITSELF : LITERAR Y IDEA S I N 

MODERN SOCIET Y (1979) . 
GREBSTEIN, SHELDO N NORMAN , MONKE Y TRIAL : TH E STAT E O F 

TENNESSEE VS. JOHN THOMA S SCOPE S (i960) . 
Green, Michae l B . 6 c Wikler , Daniel , Brain  Death  and  Personal  Identity,  9 

PHIL. & PUB . AFF. 105 (1980) . 
Greenberg, Danie l S. , Case  against Gallo  Faces  Tough Appeals  Process,  2 3 SCI. 

& GOV' T REPT . 1  (1993). 
Greenberg, Danie l S. , Key  worth and  Fuqua  Volley  on  Pork-Barrel  R&D,  1 4 

SCI. & GOV T REP . 5  (1984). 
GREENBERG, DANIEL S. , THE POLITIC S OF PURE SCIENCE (1967) . 
Grossbaum, Joh n J. , Federal  Support  of  Research  Projects  through  Contracts 

and Grants:  A  Rationale,  1 9 AM. U. L. REV. 423 (1970) . 
Hamilton, Alexander , Report  on  the  Subject  of  Manufacturers,  in  TH E 

WORKS O F ALEXANDER HAMILTO N (Ne w York , William s &  Whiting , 
1810). 

Hamilton, David P. , The Fusion Community Picks  Up  the Pieces, 255 SCIENC E 
1203 (1992.) -

HAMPSHIRE, STUART , FREEDO M O F TH E INDIVIDUA L (expande d ed . 
1975)-

Hartt, Rolli n L. , What Lies  Beyond  Dayton,  NATION , July 22 , 1925 . 



24O •  BIBLIOGRAPH Y 

Hawkes, Nigel , Darwin  Theory  "Only  Way  to  Explain  Richness  of  the  Brain," 
TIMES [London] , Sept. 8 , 1992 . 

HEISENBERG, WERNER , PHYSIC S AN D BEYOND : ENCOUNTER S AN D 
CONVERSATIONS (1971) . 

Hilts, Phili p J., U.S.  Superconductor Consortium  Formed,  WASH . POST , Ma y 
24,1989. 

HILL, CHRISTOPHER , MILTO N AN D TH E ENGLIS H REVOLUTIO N 
(i977)-

Hilts, Phili p J. , A  Cautious  Eye  on  the  Bottom  Line,  WASH . POST , Ma y 
19,1987. 

HIMMELFARB, GERTRUDE , MARRIAG E AN D MORAL S AMON G TH E 
VICTORIANS (1986) . 

HINDLE, BROOKE , TH E PURSUI T O F SCIENC E I N REVOLUTIONAR Y 
AMERICA (1956) . 

Hindle, Brooke, The  Quaker  Background  and  Science  in Colonial  Philadelphia, 
46 ISIS 243 (1955) -

HOFFMAN, BANESH , ALBER T EINSTEIN : CREATO R AN D REBE L 
(i97*)-

Hoffman, Gar y M . &  Karney , Geoffre y M. , Can  Justice  Keep  Pace  with  Sci-
ence?, WASH. POST, Apr. 10 , 1988 . 

Hofstadter, D . R. , Reflections,  i n TH E MIND' S I  (D . R . Hofstadte r &  D . C . 
Dennett, eds., 1981) . 

HOFSTADTER, RICHAR D &  METZGER , WALTE R P. , TH E DEVELOP -
MENT OF ACADEMIC FREEDOM IN THE UNITED STATES (1955) . 

Hollinger, Robert , From  Weber  to  Habermas,  i n E . D . KLEMKE , E T AL. , 
INTRODUCTORY READING S I N TH E PHILOSOPH Y O F SCIENC E 
(1988). 

Holmer, Pau l L. , Evolution  and  Being  Faithful,  8 4 CHRISTIA N CENTUR Y 
1491 (1967) . 

Holmes, Olive r W. , Law  in  Science  and  Science  in  Law,  1 2 HARV . L . REV . 
443 (1899) . 

HOPPER, DAVI D H. , TECHNOLOGY , THEOLOG Y AN D TH E IDE A O F 
PROGRESS (1991) . 

Horgan, John, Fusion's Future: Will Fusion-Energy  Reactors Be  "Too  Complex 
and Costly"?,  SCI . AM., Feb. 1989 . 

HOWE, M. A. DE WOLFE, THE GARDEN AND THE WILDERNESS (1965) . 
HUNT, GAILLARD, THE LIFE OF JAMES MADISON (1902) . 
Irons, Edward S . &  Sears , Mary H. , The  Constitutional  Standard  of  Invention: 

The Touchstone for  Patent  Reform,  197 3 UTAH L. REV. 653 (1973) . 
JACKENDOFF, RAY , CONSCIOUSNES S AN D TH E COMPUTATIONA L 

MIND (1987) . 
JACOBS, CLYDE E., LAWWRITERS AND THE COURTS (1954) . 
JAFFEE, LOUI S L . &  NATHANSON , NATHANIE L L. , ADMINISTRATIV E 

LAW (1976) . 



BIBLIOGRAPHY •  2 4 1 

Jaroff, Leon , Happy Birthday,  Double Helix:  Forty  Years  After Their  Discovery 
of DNA's  Secret,  Watson  and  Crick  Celebrate  Its  Impact  on  the  World, 
TIME, Mar. 15 , 1993 . 

Jaroff, Leon , Seeking a Godlike  Power:  Genetic  Science  Promises to  Deliver  the 
Blueprint for  Human Life,  TIME, Oct. 15 , 1992 . 

JASANOFF, SHEILA, THE FIFTH BRANCH: SCIENC E ADVISERS AS POLI-
CYMAKERS (1990). 

JEFFERSON, THOMAS, NOTES O N TH E STATE OF VIRGINIA (W . Peden, 
ED., 1955) . 

JEFFERSON, THOMAS, O N SCIENC E AND FREEDOM : THE LETTER T O 
THE STUDENT WILLIAM G. MUNFORD (Julia n P. Boyd, ed., 1964) . 

Johnson, George, Can  Machines Learn  to  Think?,  N.Y. TIMES, May 15 , 1988 . 
Johnson, George, New Mind,  No  Clothes,  SCIENCES , Jul./Aug. 1990 . 
JOHNSTON, W. D., JR., SOLAR VOLTAIC CELLS (1980) . 
Jolly, Allison , A  New  Science  that  Sees  Animals  as  Conscious  Beings,  1 5 

SMITHSONIAN 66  (1985) . 
JUBAK, JIM, IN THE IMAGE OF THE BRAIN (199*) . 
Kahn, Leroy , The  Lawyer  and  the  Scientific  Community:  Procuring  Basic  Re-

search, 2 9 LAW & CONTEMP. PROBS. 631 (1964 ) 
Kalven, Harry A., A Commemorative  Case  Note: Scopes  v.  State,  2 7 U. CHI. L. 

REV. 505 (i960) . 
Kalven, Harry A., The  New York  Times  Case:  "A  Note of  The  Central Meaning 

of the First Amendment," 196 4 SUP. CT. REV. 19 1 (1964) . 
Karjala, Dennis S. , A Legal  Research Agenda for  the  Human Genome  Initiative, 

32JURIMETRICSJ. 12 1 (1992) . 
KASSON, JOHN F. , CIVILIZING THE MACHINE (1976) . 
Kay, W. D., The Politics of  Fusion Research, ISSUES IN SCIENCE AND TECH-

NOLOGY, Winter 1991-92 . 
KEVLES, DANIEL J., IN THE NAME O F EUGENICS: GENETICS AND TH E 

USES OF HUMAN HEREDIT Y (1985) . 
KEVLES, DANIEL J., THE PHYSICISTS (1977) . 
Kidd, Charles V., American Universities  and Federal Research, in THE SOCIOL-

OGY OF SCIENCE (Bernard Barber & Walter Hirsch, eds., 1962) . 
Kilgour, Frederic k G. , The  Rise  of  Scientific  Activity in  Colonial New  England, 

22 YALE J. BIOLOGY & MED . 12 3 (1949) . 
Koch, Charle s H. , Jr . &  Koplow , Davi d A. , The  Fourth  Bite  at  the  Apple:  A 

Study of  the  Operation  and  Utility  of  the  Social  Security  Administration's 
Appeals Council,  1 7 FLA. ST. U. L. REV. 19 9 (1990) . 

KORNHAUSER, WILLIAM, SCIENTISTS IN INDUSTRY (1962) . 
KRAEMER, SANDY F. , SOLAR LAW (1978) . 
Krugman, Pau l R. , Are  You  Ready  for  the  Twenty-first  Century?,  FORTUNE , 

Apr. 5, 1993 . 
Kuhn, Thoma s S. , Objectivity,  Value  Judgment,  and  Theory  Choice,  in 

THOMAS S. KUHN: THE ESSENTIAL TENSION (1977) . 



2 4 2 •  BIBLIOGRAPH Y 

KUHN, THOMA S S. , TH E STRUCTUR E O F SCIENTIFI C REVOLUTION S 
(1962). 

Kwok, Abraha m &c  Manson, Pamela , Nuclear  Waste  Dump  Opposed,  ARI -
ZONA REPUBLIC , Jan. 18 , 1993. 

LAPP, RALPH E. , THE NEW PRIESTHOOD (1965) . 
LARSON, EDWAR D J. , TRIA L AN D ERROR : TH E AMERICA N CONTRO -

VERSY OVER CREATIO N AN D EVOLUTIO N (1985) . 
LASCH, CHRISTOPHER , TH E TRU E AN D ONL Y HEAVEN : PROGRES S 

AND ITS CRITICS (1991) . 
LATOUR, BRUN O &  WOOLGAR , STEVE , LABORATORY LIF E (1986) . 
Lazure, Alber t C , Why  Research  and  Development  Contracts  Are  Distinctive, 

in RESEARCH AND DEVELOPMENT PROCUREMEN T LA W 255 (Alber t 
C. Lazure &  Andre w P . Murphy, eds. , 1957) . 

LeClercq, Frederi c S. , The  Monkey  Laws  and  the  Public  Schools:  A  Second 
Consumption?, 2 7 VAND. L. REV. 209 (1974) . 

Lederberg, Joshua, The  Freedoms  and  Control  of  Science  Notes from  an  Ivory 
Tower, 45 5 CAL . L. REV. 59 6 (1972) . 

Lederman, Leo n M. , The  Value  of  Fundamental  Science,  SCI . AM., Nov. 1984 . 
Lemonick, Michael D. , Superconductors: The  Startling Breakthrough that  Could 

Change Our  World,  TIME , May n , 1987 . 
Lemonick, Michae l D. , Those Computers  Are  Dummies,  TIME , June 25 , 1990 . 
LEVY, LEONAR D W. , FREEDO M O F SPEEC H AN D PRES S I N EARL Y 

AMERICAN HISTOR Y (i960) . 
Levy, Leonar d W. , Jefferson as  a  Civil  Libertarian,  in  THOMAS JEFFERSON : 

THE MA N . . . HI S WORL D . . . HI S INFLUENC E (Lall y Weymouth , ed. , 
1973)-

LEVY, STEVEN , ARTIFICIA L LIFE : TH E QUES T FO R A  NEW CREATIO N 
(1992.)-

Lewin, Tamar , Nancy  Cruzan  Dies,  Outlived  by  a  Debate  Over  the  Right  to 
Die, N.Y . TIMES, Dec. 27 , 1990 . 

Lidsky, Lawrence M. , The  Reactor  of  the  Future,  TECH . REV . (1984) . 
Lidsky, Lawrence M. , The  Trouble  with  Fusion,  TECH . REV. , (1983) . 
Liebman, Lance &c  Stewart , Richar d B. , Bureaucratic Vision,  9 6 HARV. L. REV. 

1952(1983) . 
LIPPMAN, WALTER, PUBLI C OPINION (1950) . 
LOCK, STEPHEN, A  DIFFICULT BALANCE : EDITORIA L PEE R REVIEW  I N 

MEDICINE (1985) . 
Lockhart, Willia m B . & McClure , Rober t C , Literature,  the  Law  of  Obscenity, 

and the  Constitution,  3 8 MINN. L . REV. 29 5 (1954) . 
LOTH, DAVI D &  ERNST , MORRI S L. , THE TAMIN G O F TECHNOLOG Y 

(1972.)-
Lovins, Amory , Energy  Strategy:  The  Road  Not  Taken?,  5 5 FOREIG N AFF . 

55 (1976) . 
Lucas, John R. , The  Godelian  Argument,  2  TRUTH 6 4 (1988) . 



BIBLIOGRAPHY •  2 4 3 

LUGER, GEORGE F . & SUBBLEFIELD , WILLIAM A. , ARTIFICIAL INTELLI -
GENCE: STRUCTURE S AN D STRATEGIE S FO R COMPLE X PROBLE M 
SOLVING (1993) . 

Lutz, Karl B. , Patents and  Science,  1 8 GEO. WASH. L. REV. 5 0 (1949) . 
Lyden, An Integrated  Approach  to  Solar  Access, 3 4 CASE W. RES. L. REV. 36 7 

(1983-84). 
MADISON, JAMES, JOURNALS O F THE FEDERAL CONVENTION (Erastu s 

H. Scott Ed., 1893 ) 
MALONE, DUMAS , JEFFERSON AN D THE RIGHT S O F MAN (1951) . 
MARCSON, SIMON , THE SCIENTIST IN AMERICAN INDUSTR Y (i960) . 
Markoff, John , Can  Machines Think?  Humans Match  Wits,  N . Y . TIMES, Nov. 

9 ,1991 -
MARTIN, EDWI N T. , THOMAS JEFFERSON: SCIENTIS T (1952) . 
MARTINO, JOSEP H P. , SCIENC E FUNDING : POLITIC S AN D PORKBAR -

REL(i992). 
MASHAW, JERRY L. , BUREAUCRATIC JUSTICE (1983) . 
MASON, ALPHEUS T., BRANDEIS: A FREE MAN'S LIF E (1946) . 
MASON, DAVID , TH E LIF E O F JOH N MILTO N (Pete r Smith , ed. , 2 d ed . 

1946) (1877) . 
MATHIOPOULOS, MARGARITA, HISTORY AND PROGRESS : IN SEARC H 

OF THE EUROPEA N AN D AMERICAN MIN D (1989) . 
MAY, HENRY F. , THE ENLIGHTENMEN T I N AMERICA (1976) . 
MAYCOCK, PAU L D . &  STIREWALT , EDWAR D N. , PHOTOVOLTAICS : 

SUNLIGHT TO ELECTRICIT Y I N ON E STEP (1981) . 
MAZLISH, BRUCE , TH E FOURT H DISCONTINUITY : TH E CO-EVOLU -

TION O F HUMANS AN D MACHINE S (1993) . 
MCCORDUCK, PAMELA , MACHINES WH O THIN K (1979) . 
McCutchen, Charles , Peer  Review: Treacherous  Servant,  Disastrous  Master,  9 4 

TECH. REV. 28(1991) . 
McDowell, Edwin , A  Rash  of  Thoughtful  Best  Sellers  Has  Made  Publishers 

Think, Too,  N.Y . TIMES, Feb. 11 , 1990. 
McLellan, Joseph , Kasparov  Showing  the  Computer  a  Few  Moves,  WASH . 

POST, Oct. 23 , 1989 . 
McNally, Phi l &  Inayatullah , Sohail , The  Rights  of  Robots,  2 0 FUTURE S 

119 (1988) . 
Meiklejohn, Alexander , The  First  Amendment  Is  an  Absolute,  196 1 SUP . CT . 

REV. 245 (1961) . 
Meinel, Aden B . & Meinel , Marjorie P. , Soft Path  Leads  to  a  New Dark  Age,  in 

THE ENERGY CONTROVERS Y 22 5 (Henr y Nash , ed. , 1979) . 
Merton, Robert K. , Priorities in  Scientific Discovery: A  Chapter  in  the Sociology 

of Science,  in  TH E SOCIOLOG Y O F SCIENC E (Bernar d Barbe r &  Walte r 
Hirsh, eds., 1962) . 

Merton, Rober t K. , Science  and  the  Social  Order,  in  TH E SOCIOLOG Y O F 
SCIENCE (Norma n W . Storer, ed. , 1973) . 



2 4 4 *  BIBLIOGRAPH Y 

MERTON, ROBERT K., SCIENCE, TECHNOLOGY AND SOCIETY IN SEV-
ENTEENTH CENTURY ENGLAND (1970) . 

Miller, Howard S. , The  Political  Economy  of  Science,  in NINETEENTH CEN -
TURY AMERICA N SCIENCE : A  REAPPRAISA L (Georg e H . Daniels , ed. , 
1972) 

MILTON, JOHN, AREOPAGITICA (R . Jebb, Ed., AMS Press, 1971) (1918) . 
MINIHAN, JANET, THE NATIONALIZATION O F CULTURE (1977) . 
MITCHELL, BROADUS , ALEXANDE R HAMILTON : YOUT H T O MATU -

RITY (1957) . 
Moehlmann, Jennie 6 c Miller, Julie Ann, OSTP's  Gibbons:  A  Favorite  on Capi-

tol Hill,  43 BIOSCIENC E 39 4 (1993) . 
Moore, Michael S. , Causation  and  the  Excuses, 7 3 CAL . L. REV. 109 1 (1985) . 
MORAVEC, HANS, MIND CHILDRE N (1988) . 
MOTT, FRANK L. , AMERICAN JOURNALISM (3 d Ed. 1962) . 
MURPHY, JEFFRI E G. , EVOLUTION , MORALITY , AN D TH E MEANIN G 

OF LIFE (1982). 
Nagel, Thomas, The  Mind Wins!,  N.Y. REV . BOOKS, Mar. 4, 1993 . 
Nash, J . Madeline , The  Frontier  Within:  By  Plumbing  the  Deep  Secrets  of 

the Human  Mind,  Scientists  Will  Open  the  Way  to  Cures,  Wonders —And 
Voyeurism, TIME , Oct. 15 , 1992 . 

NATIONAL SCIENC E FOUNDATION , RESEARC H AN D DEVELOPMEN T 
IN STATE GOVERNMENT AGENCIES (1975) . 

NELKIN, DOROTHY, SELLIN G SCIENCE: HOW THE PRESS COVERS SCI-
ENCE AND TECHNOLOGY (1987) . 

NETZER, D. , THE SUBSIDIZED MUSE (1978). 
Neuhaus, Richard J., Who Needs  God,  NAT L REV. , Nov. 10 , 1989 . 
NISBET, ROBERT, HISTORY O F THE IDEA OF PROGRESS (1980) . 
NOBEL FOUNDATION , TH E HIERARCH Y O F LIFE : MOLECULE S AN D 

MORPHOLOGY I N PHYLOGENETIC ANALYSIS (1988) . 
NOONAN, JOH N T. , JR. , TH E BELIEVER S AN D TH E POWER S THA T 

ARE: CASES, HISTORY, AND OTHE R DATA BEARING ON THE RELA-
TION OF RELIGION AND GOVERNMENT (1987) . 

Note, Constitutional  Law:  Validity  of  the  Tennessee  Anti-Evolution  Law,  5 
TENN. L . REV. 242 (1927) . 

Note, Deviate  Sexual  Behavior:  The  Desirability  of  Legislative  Proscription,  3 0 
ALB. L. REV. 291 (1966) . 

Note, Environmental  Law,  5 5 N.C. L. REV. 484 (1977) . 
Note, Environmental  Law,  5 0 TEMP. L. Q. 410 (1977) . 
Note, Program  Environmental  Impact  Statements:  Review  and  Remedies,  7 5 

MICH. L. REV. 10 7 (1976) . 
Note, The  Scope  of  the  Program  EIS  Requirement: The  Need  for  a  Coherent 

judicial Approach,  3 0 STAN. L. REV. 767 (1978) . 
Note, Sexual  Freedom  for  Consenting  Adults:  Why  Notf,  2  PAC . L . J . 20 6 

( i 9 7 i ) -



BIBLIOGRAPHY •  2 4 5 

Note, Sodomy Statutes:  A  Need for  Change,  1 3 S.D. L . REV. 384 (1968) . 
Notes and  Questions  on  Medical Care  at the  End of Life, in  CLARK C. HAVIG-

HURST, HEALTH CARE LAW AND POLICY (1988) . 
NOZICK, ROBERT , PHILOSOPHICAL EXPLANATIONS (1981) . 
OFFICE O F TECHNOLOG Y ASSESSMENT , MAPPIN G OU R GENES : TH E 

GENOME PROJECTS: HOW BIG, HOW FAST? (1988) . 
Okie, Susan , Redrawing  Life's  Family  Tree:  Genes  Offer  Insight  on  Evolution, 

WASH. POST, May 6 , 1990 . 
Oliver, Joh n W. , Science  and  the  "Founding  Fathers,"  4 8 SCI . MONTHL Y 

*5Mi939)-
OLSON, RICHARD , SCIENCE DEIFIED AND SCIENCE DEFIED (1982) . 
PARCHOMENKO, WALTER , SOVIE T IMAGE S O F DISSIDENT S AN D 

NONCONFORMISTS (1986) . 
Parks, Wallace , Secrecy  and  the  Public  Interest  in  Military  Affairs,  2 6 GEO . 

WASH. L. REV. 23 (1957) . 
PAWEL, ERNST , TH E NIGHTMAR E O F REASON : A  LIF E O F FRAN Z 

KAFKA (1984) . 
Pease, John, Fusion  Research Twenty-five  Years  after Zeta,  NE W SCIENTIST , 

Jan. 20 , 1983 . 
PEMBER, DON, MAS S MEDIA IN AMERICA (1974) -
PENROSE, ROGER, THE EMPEROR'S NEW MIND (1989) . 
PERELMAN, CHAIM, JUSTICE, LAW, AND ARGUMENT (1980 ) 
Perelman, Chaim, Rhetoric and  Politics,  1 7 PHIL. & RHETORI C 12 9 (1984) . 
Peterson, Bill , U.S.  Makes  Major  Advance  in  Nuclear  Fusion,  WASH . POST , 

Aug. 13 , 1978 . 
PIERCE, RICHAR D J. , JR. , E T AL. , ADMINISTRATIV E LA W AN D PRO -

CESS (2d ED. 1992) . 
PLOSCOWE, MORRIS, SEX AND THE LAW (1962). 
POLANYI, MICHAEL, SCIENCE, FAITH AND SOCIETY (1946) . 
Pollack, Andrew, Pentagon Wanted  a  Smart Truck:  What  It  Got Was  Something 

Else, N. Y . TIMES, May 30 , 1989 . 
POLLACK, JOHN L. , HO W T O BUIL D A  PERSON : A  PROLEGOMENO N 

(1989). 
Pool, R. , Superconductivity:  Is  the Party Over?,  24 4 SCIENCE 914 (1989) . 
POPPER, KARL, THE LOGIC OF SCIENTIFIC DISCOVERY (1968) . 
Press, Frank , Th e Dilemm a o f th e Golde n Age , Addres s t o Member s o f th e 

National Academy of Sciences (Apr . 26, 1988) . 
PRICE, D. J. DE SOLLA, LITTLE SCIENCE, BIG SCIENCE (1963) . 
Price, Do n K. , Endless  Frontier  or  Bureaucratic  Morass?,  DAEDALUS , Sprin g 

1978. 
PRICE, DON K. , GOVERNMENT AND SCIENCE (1954). 
Price, Do n K. , The  Scientific  Establishment,  3 1 GEO . WASH . L . REV . 71 3 

(1963). 
PRICE, DON K. , THE SCIENTIFIC ESTATE (1965). 



2 4 6 •  BIBLIOGRAPH Y 

PRINCE, THOMAS, EARTHQUAKES THE WORKS OF GOD AND TOKEN S 
OF HIS JUST DISPLEASURE (Boston , D. Fowle & Z . Fowle, 1755) . 

PRINCETON UNIVERSITY PLASMA PHYSICS LABORATORY, INFORMA -
TION BULLETIN: FUSION POWER (1993) . 

PURCELL, EDWAR D A. , JR. , TH E CRISI S O F DEMOCRATI C THEORY : 
SCIENTIFIC NATURALISM AN D THE PROBLEM OF VALUE (1973) . 

Purvis, Andrew, DNA and  the  Desire  to  Drink:  Researchers  Discover  a  Gene  at 
the Root of  Alcoholism,  TIME , Apr. 30 , 1990 . 

Quine, Willard V . &c  Ullian , J. S. , Hypothesis,  in  WILLARD V . QUIN E &  J. S. 
ULLIAN, THE WEB OF BELIEF (1978). 

Quinn, Kevi n P. , The  Best  Interests  of  Incompetent  Patients:  The  Capacity  for 
Interpersonal Relationships  as  a  Standard  for  Decisionmaking,  7 6 CAL . L . 
REV. 897 (1988) . 

RAWLS, JOHN, POLITICA L LIBERALISM (1993) . 
REAGAN, MICHAEL D., SCIENCE AND THE FEDERAL PATRON (1969) . 
Reingold, Nathan , Introduction,  in  TH E NE W AMERICA N STAT E PAPER S 

IN SCIENCE AND TECHNOLOGY (1973) . 
RETTIG, RICHARD A., CANCER CRUSAD E (1977) . 
Rhoden, Nanc y K. , Litigating  Life  and  Death,  10 2 HARV . L . REV . 37 5 

(1988). 
RILEY, DENNI S J. , 1  FEDERA L CONTRACTS , GRANTS , AN D ASSIS -

TANCE (1983) . 
ROBERT OPPENHEIMER : LETTER S AN D RECOLLECTION S (Alic e K . 

Smith & Charle s Weiner, eds., 1980) . 
Robertson, Joh n A. , The  Law  of  Institutional  Review  Boards,  2 6 U.C.L.A . L . 

REV. 484 (1979) . 
Robertson, John A. , The  Scientists'  Right  to  Research:  A  Constitutional  Analy-

sis, 51 5 CAL . L. REV. 120 3 (1978) . 
Rodgers, Willia m H. , A  Hard  Look  at  Vermont  Yankee:  Environmental  Law 

Under Close Scrutiny,  6j  GEO . L. J. 699 (1979) . 
ROHAN, PATRIC K J., ZONING AN D LAND USE CONTROLS (1986) . 
ROSE, FRANK , INT O TH E HEAR T O F TH E MIND : A N AMERICA N 

QUEST FOR ARTIFICIAL INTELLIGENCE (1984) . 
ROSENBERG, CHARLE S S. , N O OTHE R GODS : O N SCIENC E AN D 

AMERICAN SOCIAL THOUGHT (1976) . 
Rosenberg, Charle s E. , On  Writing  the  History  of  American  Science,  in  TH E 

STATE OF AMERICAN HISTORY (Herber t J. Bass, ed., 1970) . 
ROSHCO, BERNARD, NEWSMAKING (1975) . 
Rutter, Nancy, The  Great  Patent  Plague,  15 1 FORBES S58 (1993) . 
Samuelson, Pamela , e t al. , Developments  on  the  Intellectual  Property  Front: 

Legally Speaking,  3 5 COMM . ASS' N COMPUTIN G MACHINER Y 3 3 
(i99*)-

Schachter, Esther , Intellectual Property  Takes  Center  Stage,  63 ELECTRONIC S 
108 (1990) . 



BIBLIOGRAPHY •  2 4 7 

Schlag, Pierre , Missing Pieces:  A Cognitive  Approach  to  Law,  6j  TEX . L . REV. 
1248 (1989) . 

Schuck, Peter H., Multi-Culturalism Redux:  Science,  Law and  Politics,  1 1 YALE 
L. StPOL'YREV. 1  (1993). 

SCHUMACHER, E . F., SMALL IS BEAUTIFUL (1973) . 
SCHURR, S. , ET AL., ENERGY IN AMERICA'S FUTURE (1979) . 
Seabrook, Charles , Watkins  Plays  Down  Tritium  Spill  at  SRS,  ATLANT A 

JOURNAL, Jan. 8 , 1992 . 
Searle, Joh n R. , "The  Emperor's  New  Mind":  An  Exchange,  N . Y . REV . 

BOOKS, June 14 , 1990 . 
Searle, Joh n R. , Is  the  Brain's  Mind  a  Computer  Program?,  SCI . AM. , Jan . 

1990. 
SEARLE, JOHN R. , MINDS, BRAINS AND SCIENC E (1984) . 
SENSEBAUGH, GEORG E F. , MILTON I N EARLY AMERICA (1964) . 
Shank, Christophe r G. , Note , DNA  Evidence  in  Criminal  Trials:  Modifying the 

Law's Approach  to  Protect  the  Accused  from  Prejudicial  Genetic  Evidence, 
34 ARIZ. L . REV. 82 9 (1992) . 

Sharp, Malcolm P. , Science, Religion, and  the  Scopes Case,  2 7 U. CHI . L . REV. 
529 ( i960) . 

SIMON, YVE S R., FREEDOM O F CHOICE (1969) . 
SINGER, PETER , ANIMAL LIBERATIO N (2d . Ed . 1990) . 
SMITH, BRUC E L . R. , THE ADVISERS : SCIENTISTS I N THE POLIC Y PRO -

CESS (1992) . 
SMITH, BRUCE L. R., AMERICAN SCIENC E POLICY SINCE WORLD WA R 

II (1990) . 
Smith, Davi d R. , Legal  Recognition  of  Neocortical  Death,  7 1 CORNEL L L . 

REV. BOOKS 850 (1986) . 
Smith, John M. , What  Can't  the  Computer  Do?,  N.Y . REV., Mar. 15 , 1990 . 
Smith, M . R. , Technology,  Industrialization,  and  the  Idea  of  Progress  in 

America, in  RESPONSIBL E SCIENCE : TH E IMPAC T O F TECHNOLOG Y 
ON SOCIET Y (Kevi n B. Byrne, ed., 1986) . 

SNOW, C . P. , TH E TW O CULTURE S AN D TH E SCIENTIFI C REVOLU -
TION (1959) . 

SNOW, C . P. , THE TWO CULTURE S AND A SECOND LOO K (1963) . 
Spann, Girardeau A. , Hyperspace,  8 4 MICH. L . REV. 642 (1986) . 
Speth, Gustave , The  Federal  Role  in  Technology  Assessment  and  Control,  in 

FEDERAL ENVIRONMENTAL LA W (E . Dolgin &  T . Builbert, eds. , 1974 ) 
STEWART, FRAN K H. , HISTOR Y O F TH E FIRS T UNITE D STATE S MIN T 

(reprint o f 192 8 ed.) (1974) . 
Stewart, Richar d B. , The  Reformation  of  American  Administrative  Law,  8 8 

HARV. L . REV. 1667(1975) . 
Stolzenberg, Naom i M. , "He  Drew a  Circle  That  Shut  Me Out":  Assimilation, 

Indoctrination, and  the  Paradox of  a Liberal Education,  10 6 HARV. L. REV. 
581 (1993) -



2 4 8 •  BIBLIOGRAPH Y 

Stone, Christopher , Should  Trees  Have Standing?  Revisited: How  Far  Will Law 
And Morals  Reach?  A Pluralist  Perspective,  5 9 S. CAL. L. REV. 1  (1985). 

STORY, JOSEPH , COMMENTARIE S O N TH E CONSTITUTIO N O F TH E 
UNITED STATE S (Boston , Hilliard, Gray d &  Co. , 1833) . 

STRUIK, DIRK J., YANKE E SCIENCE IN THE MAKING (1948) . 
STUDENSKI, PAU L 6 c KROOS , HERMA N T. , FINANCIA L HISTOR Y O F 

THE UNITED STATE S (2 d ed. 1963) . 
Sunstein, Cas s R. , Administrative  Law  After  Chevron,  9 0 COLUM . L . REV . 

2071 (1990) . 
Suplee, Curt , Artificial  Life:  Improving  on  Creation —Move Over,  Darwin:  A 

New Set  of  Sciences  Might  Just  Revolutionize  Biology,  WASH . POST , Ma y 
6, 1990 . 

Suplee, Curt , Fusion  Power  Experiment  Is  Successful:  Energy  Source  Moves 
Closer to  Practicality,  WASH . POST, Nov. 11 , 1991. 

Swazey, Judit h P. , e t al. , Risks  and  Benefits,  Rights  and  Responsibilities:  A 
History of  the  Recombinant  DNA  Research  Controversy,  5 1 S . CAL . L . 
REV. 101 9 (1978) . 

Sweet, William, Argonne  Proposes  "Proliferation-resistant"  Breeder,  3 7 PHYS -
ICS TODAY 6 2 (1984) . 

SWENSON, LOY D S. , JR., GENESI S O F RELATIVITY : EINSTEI N I N CON -
TEXT (1979) . 

Thackray, Arnold , The  Industrial  Revolution  and  the  Image  of  Science,  in 
SCIENCE AN D VALUE S (Arnol d Thackra y &  Everet t Mendelsohn , eds. , 
1974)-

Thompson, Larry , The  First  Kids  with  New  Genes:  The  Inside  Story  of  Two 
Young Pioneers Whose  Courage  Helped  Launch  a Medial Revolution,  TIME , 
June 7 , 1993. 

Tilton, Eleano r M. , Lightning-Rods  and  the  Earthquake  of  1755,  1 3 NE W 
ENG. Q. 8 5 (1940) . 

TRIBE, LAURENCE H. , AMERICAN CONSTITUTIONA L LA W (1978) . 
TRIBE, LAURENC E H. , CHANNELIN G TECHNOLOG Y THROUG H LA W 

(i973)-
Tribe, Laurenc e H. , The  Supreme  Court  1972  Term:  Foreword:  Toward  a 

Model of  Roles  in  the  Due  Process  of  Life  and  Law,  8 7 HARV . L . REV . 
1 (i973) -

Tribe, Laurenc e H. , Technology  Assessment  and  the  Fourth  Discontinuity:  The 
Limits of  Instrumental  Rationality,  4 6 S . CAL. L. REV. 617 (1973) . 

Tribe, Laurenc e H. , Toward  a  Metatheory  of  Free  Speech, 1 0 S . CAL. L . REV . 
237(1978). 

Tucker, Leonard , President  Thomas  Clap  of  Yale  College:  Another  "Founding 
Father" of  American  Science,  in  EARLY  AMERICA N SCIENC E (Brook e 
Hindle, ed., 1976) . 

TULLOCK, GORDON , PRIVAT E WANTS, PUBLIC MEANS (1970) . 
Turing, Alan, Computing Machinery  and  Intelligence,  5 9 MIND 23 6 (1950) . 



BIBLIOGRAPHY •  2 4 9 

TWEETEN, LUTHER G. , FOUNDATIONS O F FARM POLICY (1970) . 
UPDIKE, JOHN, RABBIT AT REST (1990). 
VARGA, ANDREW C, TH E MAIN ISSUES IN BIOETHICS (1980) . 
VEATCH, ROBER T M. , DEATH , DYIN G AN D TH E BIOLOGICA L REVO -

LUTION: OUR LAST QUEST FOR RESPONSIBILITY (1989) . 
Vettel, Phil , As a Matter of  Fact, CHICAGO TRIBUNE, May 17 , 1987 . 
WALDROP, M . MITCHELL , MAN-MAD E MINDS : THE PROMISE O F AR-

TIFICIAL INTELLIGENCE (1987) . 
Walsh, John &  Culliton , Barbara, Office  of  Management  and  Budget:  Skeptical 

View of  Scientific  Advice, in  SCIENCE, TECHNOLOGY AN D NATIONA L 
POLICY (Thomas J. Kuehn & Alan K. Porter, eds., 1981) . 

Wanzer, Sidney , e t al. , The  Physician  s  Responsibility  Toward  Hopelessly  III 
Patients: A  Second Look,  32 0 NEW ENG. J. MED. 844 (1989) . 

Warren, Samue l D . &  Brandeis , Loui s D. , The  Right  to  Privacy.  4  HARV . L . 
REV. 19 3 (1890) . 

WATANABE, MASAO, THE JAPANESE AND WESTERN SCIENCE (1990) . 
WATSON, JAMES D., THE DOUBLE HELIX (1968) . 
Wesskopf, Victo r F. , Why  Pure  Science?,  BULL . ATOM . SCIENTISTS , Apr . 

1965. 
WHITE, G . EDWARD , TOR T LA W I N AMERICA : A N INTELLECTUA L 

HISTORY (1980). 
Wik, Reynol d M. , Science  and American  Agriculture,  in  SCIENCE AND SOCI -

ETY I N TH E UNITE D STATE S (Davi d D . Va n Tasse l &  Michae l G . Hall , 
eds., 1966) . 

WILLS, GARRY, INVENTING AMERIC A (1978) . 
Wilson, James Q. , The  Politics of  Regulation,  in  THE POLITICS OF REGULA-

TION (Jame s Q. Wilson, ed. , 1980) . 
Wilson, Brya n R. , Reflections  on  a  Many  Sided  Controversy,  in  RELIGIO N 

AND MODERNIZATION (Stev e Bruce, ed., 1992) . 
WINTHROP, JOHN, TWO LECTURES ON COMET S (1759) . 
Wolfson, Pau l R . Q. , Is  a Presidential Item  Veto  Constitutional?  9 6 YAL E L. J. 

838 (1987) . 
Yankelovich, Daniel , Science  and the  Public  Process:  Why  the  Gap  Must  Close, 

1 ISSUES SCI. & TECH. 6  (1984) . 





Index 

Adams, John, 2 7 
Adams, John Quincy , 3 3 
Administrative agencies : central rol e in sci-

ence funding, 44-47 ; centra l rol e in tech-
nology regulation , 87-90 ; judicia l re -
view, 54—56; policy decisions , 1 7 

Administrative Procedur e Ac t of 1946 , 54 
Adversary system : absenc e i n peer review , 

57; centra l rol e in legal system, 18 ; im-
portance i n regulation o f technology, 89 , 
178 

Anderson, W. French, 125-2 6 
Andrews v.  State,  11 7 n . 1 4 
Andrus v.  Sierra Club, 14 3 
Apter v.  Richardson,  5 9 
Artificial Intelligence : artificia l life , 152 -

54; chess-playing machines , 157-58 , 
162-63, 173 ; debate over computer con -
sciousness, 158-66 , historical origins , 
151-54; implication s fo r huma n unique -
ness, 155-66 , 172-77 ; implications fo r 
legal definition o f death, 166-77 ; practi -
cal impact , 154-55 . See also Comput -
ers 

Astrology, 8 

Babbage, Charles , 15 1 
Bazelon, David L. , 18 
Beauty: i n law, 19 ; in science, 19 , 11 6 
Becquerel, Edmund, 14 6 
Bell Laboratories , 146 , 14 8 

Berger, Pete r L. , 8 0 
"Big science, little science," 121-22 , 144 -

45,154 
Board of  Trustees  of  Stanford University  v. 

Sullivan, 41 
Bowers v.  Hardwick,  7 8 n . 72 , 81 n . 95 
Brandeis, Louis D., 114-1 5 
Brandenburg v.  Ohio,  3 1 n . 46 
Breeder reactor , 9 8 
Brilliance in science and law , 6,7,19 
Brophy v.  New England  Sinai  Hospital, 

170-71 
Buchanan, Allen , 17 1 
Buckley v.  Valeo,  4 0 
Burke, Edmund, 5 
Bush, Vannevar, 18 1 
Bushnell, David, 3 2 

Carter, James E. , 14 7 
Carter, Stephen , 77 , 78, 81 
Charron, William, 17 1 
Church of the Lukumi  Babalu  Aye, Inc.  v. 

City of  Hialeah,  8 0 n . 9 0 
Comptroller General , 50 
Computers, 99-103 , 178 . See also Artifi -

cial Intelligenc e 
Congressional Researc h Service , 50 
Cooley, Thomas , 11 5 
Copyright, 102- 3 
County of  Allegheny v.  American Civil  Lib-

erties Union,  8 1 n . 9 3 

2 5 1 



2 5 2 •  I N D E X 

Courts: limited role in science funding deci-
sions, 54-68; major role in disability 
funding decisions, 63-64; major role in 
regulatory decisions, 90-9 4 

Cruzan v. Director,  Missouri  Department 
of Health, 170,17 2 

Daniel v.  Waters,  7 5 n . 51 
Darwin, Charles, 7, 7 2 - 7 3 , 1 1 3 - 1 4 , 1 5 6 -

57, 17 6 
Daubert v.  Merrell  Dow Pharmaceuticals, 

20-23 
Deconstructionist view of science, 1 0 
Definition o f death, 166-77 . See  also Arti-

ficial Intelligence 
Demuth Development  Corp.  v.  Merck and 

Co., Inc.,  30 n . 36 
Department of Defense , 44, 48, 51, 108 , 

154 
Department of Energy, 44, 48, 108 , 119 -

20, 135,138 , 14 7 
Department of Science : absence of, 48 ; 

dangers of, 52-5 3 
De Solla Price , Derek J., 12 2 
De Tocqueville, Alexis , 5 
Diamond v.  Diehr,  10 1 n . 43 
DNA typing, 116-1 7 
Doe v.  Commonwealth,  77-7 8 

"Earmarking" of research funds, 45-4 6 
Edelman, Gerald, 159 , 165-66 , 17 6 
Edwards v.  Aguillard, 76-7 7 
Einstein, Albert, 7, 132 , 17 5 
Eisenhower, Dwight D. , 80, 14 7 
Enlightenment: idea of progress, 70, 81; 

view of religion , 70; view of science , 3, 
26-28, 69 . See also Progres s 

Environmental Protectio n Agency, 87-88 , 
90, 14 8 

Epperson v.  Arkansas, 74—75,  77 

Falsifiability, 8 
Firestone v. First District Dental  Society, 

30 n. 34 
Food and Drug Administration, 87-88 , 

90, 12 5 
Foundation on  Economics Trends  v.  Lyng, 

143 

Frank, Jerome, 1 9 
Frankfurter, Felix 1 9 
Franklin, Benjamin, 27 
Fraud in scientific research, 57 
Free speech: relation to science, 28-31; re-

lation to technology, 86-87 ; tensio n 
with government funding, 39-4 3 

Freneau, Philip, 28 
Freud, Sigmund, 155 , 156 , 15 7 
Funding of scientific research : agriculture, 

36; census, 32; central role of adminis -
trative agencies, 44—47; coinage, 
weights, and measures, 33—34; grant vs. 
contract, 48-49, 61-62 ; importance of 
science community, 66-67 ; levels of fed-
eral spending, 37-38; military , 32-33; 
plans for a national university , 31; role 
of peer review, 56-57; spendin g for the 
general welfare, 35-37; state govern-
ments, 37; surveys, 31; tension with fre e 
speech, 39-4 3 

Galileo, 27, 71-7 2 
"Golden Fleece" awards, 51, 53-5 4 
Goodell, Rae, 10 4 
Gottschalk v.  Benson,  10 0 n. 40 
Graff, Gerald, 4 
Grassetti v.  Weinberger,  59-6 0 
Gray v.  Romeo,  17 1 
Green, Harold, 9 3 
Green, Michael, 17 1 

Hamilton, Alexander, 27, 35, 37 
Hazen, Robert, 10 9 
Heisenberg, Werner, 1 9 
Himmelfarb, Gertrude , 4 
Holmes, Oliver Wendell, 1 7 
Howard Hughes Medical Institute , 11 9 
Human Genome Initiative: "bi g science, lit-

tle science" controversy, 121—22 ; con-
gressional oversight of, 120 ; employ-
ment issues, 127; gene therapy, 124—27 ; 
goal of , 117-18 ; historical background , 
112-16, 118-22 ; implications for deter-
minism and free will, 128—31 ; insur-
ance issues, 127 ; privacy issues, 124-27 ; 
role of science counselors , 
123-26 



I N D E X •  25 3 

In re Conroy, 17 5 
International Thermonuclear Experimenta l 

Reactor (ITER), 145 
In the Matter of  Karen  Quinlan,  17 0 

Japan: government support for technology , 
1; reception of the theory of evolution , 
72 

Jasanoff, Sheila , 90 , 10 5 
Jefferson, Thomas , 27, 28, 33, 47, 70 , 71 

Kafka, Franz, 65 
Katz v.  United  States,  11 4 n . 4 
Kirschstein, Ruth, 12 2 
Kleppe v.  Sierra Club, 142-4 3 
Kletschka v.  Driver, 57-5 8 
Kuhn, Thomas, 9, 1 0 

Langton, Christopher, 15 3 
Lapp, Ralph, 3 
Lincoln v.  Vigil,  45, 56 
Line item veto, 53—54 
Lovins, Amory, 148-4 9 
Lynch v.  Donnelly,  8 1 n . 9 2 
Lysenkoism, 53 

Madison, James, 27, 31, 35-36, 37 , 70-7 1 
Mansfield Amendment , 51 
Marinoffv. HEW,  60-6 1 
Marshall, John, 7 
Mathematics, history of, 1 5 
Mazlish, Bruce, 157 
McCarthy, John, 15 2 
McGowan v.  Maryland,  8 1 n . 9 4 
McLean v.  Arkansas, 7 6 
Mendel, Gregor, 112—1 4 
Metpath v.  Imperato,  3 0 n . 38 
Miller v. California,  29-3 0 
Mission-oriented research , 24, 106 . See 

also funding of scientific researc h 
Moore v.  Gaston  County  Board  of  Educa-

tion, 7 5 n . 53 
Moravec, Hans, 15 9 
Mozert v.  Hawkins County  Board  of  Edu-

cation, 7 9 n . 7 7 

National Academy of Sciences, 11 , 50, 
121,149 

National Aeronautic s and Space Adminis-
tration, 48, 147 , 15 4 

National Environmenta l Polic y Act, 139— 
44 

National Institute s of Health, 24, 44, 28, 
56 ,59 ,60 ,61 ,89 ,119 -20 , 12 5 

National laboratories , 48 
National Scienc e Foundation, 24, 44, 48, 

56 ,88-89 ,108 ,154 
Near v.  Minnesota,  3 0 n . 43 
News media and science, 50 
Newton, Isaac , 6, 7 , 26, 2 7 
Nuclear fission, 96-98 ,132-33, 17 8 
Nuclear fusion: alternative approaches, 

136-38; contrast with solar energy, 
148-49; funding cutbacks, 144-45; his-
torical and technical background , 131 -
35; international program , 145 ; limits 
on judicial control o f research, 139-44 ; 
potential socia l problems, 135-36 , 137 -
38; promises of breakthroughs , 
131 

Nuclear Regulatory Commission , 87-88 , 
90 

Obscenity, 29-3 0 
Occupational Safet y an d Health Adminis -

tration, 148 
Office o f Management an d Budget, 49, 51, 

105 
Office o f Science and Technology Policy , 

49, 12 1 
Office o f Technology Assessment , 50 , 107 , 

121 
Olmstead v.  United  States,  11 4 n . 3, 

115 n . 5 
Oppenheimer, J. Robert, 13 , 18 , 10 4 

Pacific Gas and Electric  Co.  v.  State  En-
ergy Resources  Conservation  and  Devel-
opment Commission,  9 7 n . 31 

Parker v. Flook,  100-10 1 n . 41 
Patents: computer software, 99-103 ; con-

stitutional basis , 34-35; early history in 
the United States, 47 

Pauling, Linus, 104 , 11 6 
Peer review: central role in research fund-

ing decisions, 46, 56-57, 178 , 180 ; im-



2 5 4 *  I N D E X 

Peer review (Continued) 
portance o f pane l membership , 66 ; lim-
ited rol e in regulation o f technology , 8 9 

Penrose, Roger , 159 , 164-65 , 17 6 
Peolze v.  Capistrano  Unified  School Dis-

trict, 78 n . 74 
People v.  Castro,  11 7 n. 1 6 
Pollock, John, 15 9 
Pope, Alexander, 2 6 
Popper, Karl , 8 
President o f the United States : access to sci-

ence advice, 49; appointment power , 49 ; 
desire fo r payoff s fro m science , 50 

Press, Frank, 12 1 
Priority: i n law, 114-17 ; in science, 7 -8 , 

114,116 
Process, central rol e in law, 13-20 , 10 6 
Progress: central rol e in science, 7 -13, 2 0 -

23; enlightenmen t roots , 70 , 81; impor-
tance to science counselors, 106-7 ; rol e 
in formation o f American values , 81-83 , 
95,146, 149-5 0 

Proxmire, William, 53 
Pure science: basic characteristics, 23-24 , 

106; necessity of protecting, 182-83 ; un-
certain natur e of progress , 12 , 112-14 , 
132, 183 . See also Fundin g of scientifi c 
research 

Quinn, Kevin , 173 , 175 

Rawls,John, 8 1 
Recombinant DN A research , 123-2 4 
Regina v.  Hicklin,  2 9 
Regulation o f technology : centra l rol e of 

administrative agencies , 87-90; constitu -
tional basis , 84—86; lack of consensus in 
scientific community , 89-90 ; limite d 
role of Firs t Amendment, 86—87 ; vital 
role of the courts, 90-9 4 

Regulatory gap , 2, 94-96, 103 , 109, 136 , 
138, 155 , 179, 180-8 3 

Reischauer, Edwin , 7 2 
Religion: civi l religion i n the United States , 

79-80; creationism , 75-77; diversity in 
the United States , 80—81; framers' view s 
and the First Amendment, 69-72 ; the-
ory of evolution an d the law, 72—79. See 
also Values 

Rhoden, Nancy, 174-7 5 
Rif kin, Jeremy, 12 5 
Rittenhouse, David , 26 , 27, 28, 32, 33 
Roth v.  United  States,  2 9 
Rush, Benjamin, 26 , 27, 28, 32 
Rust v.  Sullivan,  41 

Sagan, Carl , 10 4 
Schuck, Peter , 4, 1 5 
Schumacher, E . F., 14 9 
Science counselor, 2 , 103—8 , 123—26,135, 

179,181-83 
Scientific community , self-governin g na -

ture, 11 , 46, 56-57, 66-67 , 178 . See 
also Fundin g of scientifi c research ; Regu -
lation o f technolog y 

Scientists' Institute  for  Public  Information 
v. Atomic Energy  Commission,  140-4 2 

Scopes trial, 73-7 4 
Searle,John, 159-64 , 17 6 
Silkwood v.  Kerr-McGee  Corp.,  9 7 

n. 3 2 
Singer, Peter , 156-5 7 
Smith, David Randolph , 17 1 
Smith v.  State,  7 5 n . 5 0 
Snow, C . P. , 3, 4, 5 0 
Solar energy: access to sunlight , 149 ; con-

trast with nuclea r fusion , 148-49 ; his -
torical development , 146—47 ; environ-
mental concerns , 147-4 8 

Stanley v.  Georgia,  3 1 n . 45 
Steele v. Waters,  7 5 n . 52 
Superconducting supercollider , 50 , 14 4 
Superconductivity, 108—1 1 

Technology: lin k t o science , 11 , 12, 13 . See 
also Regulation o f technolog y 

Technology assessment , 107—8 . See also 
Regulation o f technolog y 

Teller, Edward, 10 4 
Texas v.  Johnson, 8 7 n . 1 0 
Turing, Alan: rol e in development o f arti -

ficial intelligence, 152 ; "Turin g test, " 
159-60 

"Two Cultures, " 3 , 4, 5, 18 1 

Ujvarosy v.  Sullivan,  6 1 
United State s Congress : acces s to scienc e 

advice, 49—50; desire for payoff s fro m 



I N D E X •  2 5 5 

science, 50; oversight o f Huma n Ge -
nome Initiative , 120 ; role in regulatio n 
of technology , 87 ; role in science fund -
ing, 44-4 7 

United States v.  Butler,  3 7 
United States v.  Eichman,  8 7 n. 1 0 
United States v.  O'Brien,  8 6 n . 7 
United States v.  Sullivan, 85 n . 2 
United States v.  The  Progressive, Inc., 

30 n . 44 
Updike, John, 16 6 

Values: role of religion i n shaping, 80—83 , 
130, 149-50 , 166 , 176-77, 179-80 ; 

role of science in shaping, 81-83 , 128— 
30,145-46 ,149,172-77 , 179-8 0 

Veatch, Robert , 166 , 17 1 
Von Neumann , John, 15 3 

"War o n cancer, " 5 1 
Warren, Samuel D. , 11 5 
Washington, George , 32 
Watson, J. D. , 93, 115-16, 12 4 
Webster v.  New Lenox  School  District  No. 

122, 7 8 n . 7 3 
Weisskopf, Victor , 2 4 
Wikler, Daniel , 17 1 
Wilson, James Q. , 9 2 






	Cover
	Title Page
	Copyright Page
	Contents
	Acknowledgments
	ONE Introduction
	TWO Lawyers and Scientists
	Progress in Science
	The Kuhn Critique
	The Limited Role of Practical Applications
	Process in Law
	The Daubert Case
	Defining Terms

	THREE The Constitutional Status of Basic Research
	The Enlightenment Background
	Free Speech for Scientists
	Government Support for Science
	Science Spending for the General Welfare
	The Tension between Freedom and Funding

	FOUR The Statutory Framework for Basic Research
	Delegation to Agencies of Funding Decisions
	The Absence of a Department of Science
	Limits on Executive and Legislative Control of Agencies
	The Virtual Absence of Judicial Review
	The Privileged Legal Status of Science

	FIVE Science versus Religion in American Law
	The Framers Conception of Religion and Science
	The Modern Dispute over the Theory of Evolution
	Creationism in the Courts
	The Growth of Civil Religion
	Science, Progress, and Values

	SIX Legal Restrictions on New Technology: The Regulatory Gap and the Emergence of the Science Counselor
	The Constitutional Basis for Regulating Technology
	Statutory Regulation through Delegation to Agencies
	The Stringent Judicial Review of Regulatory Decisions
	The Regulatory Gap
	The Case of Nuclear Fission
	Computers and Regulation
	The Emergence of the Science Counselor
	Superconductivity and the Science Counselor

	SEVEN The Human Genome Initiative and Human Responsibility
	The Development of Modern Genetics
	The Political History of the Genome Initiative
	Big Science versus Little Science in Genome Research
	Science Counselors at Work
	The Regulatory Issues Ahead: Gene Therapy and Privacy
	Determinism and Human Values

	EIGHT Nuclear Fusion: Boundless Optimism and Limited Energy
	The Underlying Science
	The American Fusion Program
	Alternative Approaches to Fusion
	The National Environmental Policy Act and Fusion Research
	Funding Problems for Fusion
	The Solar Comparison and the Dream of Limitless Energy

	NINE Artificial Intelligence and the Essence of Humanity
	The Origins of Artificial Intelligence
	Artificial Life
	The Practical Impact of Artificial Intelligence
	Consciousness and Human Uniqueness
	The Debate over Computer Consciousness: Science versus Science
	Consciousness and the Legal Definition of Death

	TEN Conclusion
	Notes
	Bibliography
	Index



