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2, BAle] Adued i F& EAo®E Owen Hannaway, “The German Model of Chemical
Education in America: Ira Remsen at Johns Hopkins (1876-1913),” Ambfx 23 (1976), 145-164;
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.



4 St E A% 71T wEelne] GAw o suw 4T 2tk 1t @
Qe GHRY A ARFE WolA olF 1599 AEEAZOIA UHE Ho] AR
A Q7hEe A AAH, BAHQ Fho] Aol EEe FE YA, U} wF
53} 7g7bee] BAE Y gusAwe g, 228502 detd 4 e 0
o) wpstel et 2ol 7}k Abgie] olsut 8ok Fysho Ak ol AP, ol e
Adet arEolAE g nAT A% So), EAEs gt BtasAe
B YE 2edsl nEna A Aoy Beet A7t Aol A ge
Aol Fste gl okl A4 1 AAE 98 AL FPelokte Gt
(= 2gAEY AAE F AGFE ATETS 2& A0 Aels ZRAT) 383
%9 Aele BxAT. PAE e WeE 98 A7E JPhn AEo] Yo
e A% WA o EE oA weolehs ool Aol KUY HAYS 8
TR, 0% AT FHeAEe] e WEH e JEHon Lelgs] groldl

kA7t gt A E FE 194171 FEFE 204171 2odlE Z1gelA AFAE
EiL FAES Lgeke A EE Aol vERETh 1870 el S 2 3}8k3|ALet
A=) A Yol A gk AtAtES Al agEA AAESR AsE HAFs
v A4S TJishAl PAEE o] A= A2 A AS dojur] fe ATE A YA
T kATt dtso] 18761 A2 WlZ3A(Menlo Park) A74AE HEAFRTE

O

ot V)& A|2HS AdHHA &= RS e wdgd Al 71do] AAl el
A0S WHE AL FolAH| 2 (Carl Duisberg)E #elaAtE 18910l £S5 ¢ njolo &

(Bayen)AFe] Aa7F 3 WA vlo]ld 241 7F AFAE THE o 2 74 8919
FA)o ZEFt -4 18709 =S 53 ol =] 3|(Paul Ehrlich)9} 28 3}statEol 2]
Az sed Aol A oo thet et B3} Aol rhFEiF e, 1877

doll Satd Hdo] Ssfe] vg& ke 538 W7l= AS =3k A A2
A gl i 5H AR 5815 el L, A5 Al B e /7I7F LuA 7]
of Fxle] AEHQ Aol 7IRbEE AA|Ee] Aato] Bk Qb ARl 719 el 2A A

ol |
(¢} RS 1l
o7 Fasdtthe s AAYY] oAt vl 27k g3
i W

A% 1884-1886d Atelell 3709 T a3 ARE WEolWlaL, A YIS 15
] 1

.?.
S ATE AEs ATAE BE AN e 99Y Rl o)A @
A voldl e Aat AEsE ATAse] AEATE BalA 1896W7A 23 3
Aol du FHEL BEoWIL o] F 37T FEHAE o ZEAD

6)

7)

gAY Ao thsh+= Howard Plotkin, “Edward C. Pickering and the Endowment of Scientific
Research in America,” Isis 69 (1978), 44-57& #%x. 2&@=9] ‘=38 o4& H. Rowland, “A Plea
for Pure Science” (1883), in The Physical Papers of Henry Augustus Kowland (Baltimore: Johns
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D.A. Hounshell, “Edison and the Pure Science Ideal in the 19th Century America,” Science 207
(1980), 612-617°] vk w=FAsta myomAe] ste] Aol oisjA= Hollinger, “Inquiry and
Uplift,” pp. 147-148% #H=.

1870 =] e+ 3t FHE Anthony Travis, “Science as Receptor of Technology: Paul
Ehrlich and the Synthetic Dyestuffs Industry,” Science in Context 3 (1989), 383-408<, ulojo= A
2ol i3k £& B4 07 Georg Meyer-Thurow, “The Industrialization of Invention: A Case Study from



6 Tt EALES Ay AUB A235(2002)

niolo| 2] A4 thE stk W74 A7 o] Hlrh 1897l H =
A d Y E Eg(General Electric, GE)¢] dlA Yo ~E}QIv|=(Charles Steinmetz)& =
A w9 AF7]we] als AFshs el GES Mds 53571 wraE7] Heol 3]
AL Aol Fabsfof ghthal FAET 2 od FHoll= dEe LS =8 719 ETY
AR o] A Aol EHstaL o] W AE 7]E=o] gtk thE 3JALS] 55 & AFEofofvt
she= Aee] AWE Aolgtar 7] wiol vk 53] 1890l E3E M vk
S 7ol Aw7tA A B34 s HAom FAAYAE AN WEE RS =
TEAT 2ERIH =] 8 7= Aol FAEJATIE A 3|4 A
GE® 19004del] “H321Ql Aqtel ddstr] 918 ‘AR 78874
o] A E MIT 24P Y 3 EY(Willis Whitney)E A4 2o ZHWgon,
gho] ZA 5] thtoll A uPARSFY S Whal MITeOl A 3}8kat wmofo (A A. Noyes)
star 'l ZFE] A (William Coolidge)ot =59 HE 7oA 3}3kA} Y| E~E| A st
s doistel A s s A2 WF o (Irving Langmuir) 2 #2-2 %%5} B
|3t ol59 A7 AR oR & AHE AFAAN, 1 Ao
& ofydh A = 1 GE-4 ATae AFLE ojojd F =
AL 29 555 AlEooF dd AP A=
£ FHsh7le Pk 2= AN 2d ke
2} £ Jhdatar oo ARt 2 Bge
S EE AR 2 FEZE dshaA A4l datE At o]&E& QHA

2,
o

3=
N -
Bl i
i

r
‘2
2
B o N

—g‘ ol [ o~
)
3

=
[e)
Ran

2
B
PUgau

e}
(1)
o

) wolw GE: w= A= Aabe] 9608 AT FEE o] Hopolq %7

Ae AaA A AEYe] mddz GBS ATAE trlgle] “Adn g ozqel )
58 348 B Aot GE Q7hel ATl B AAEAAAN 918 9717
o FH GES Aol ATAES] 5ddTole %3 Hare] a7 AfoldA 44
FHAAS FANR FEY o] BE FaaAw, Fon FeAY Ao e
SapAEo] A7) AASA ) EHUoR olold 5 YAW AT AT W Rl 717
Fa% 290k

GEZ AT v3e] t/95e sht £ AAle] d7as Agsh] A4 190390 7%

A A7) gl stel HERAESZA AFe] /s 918 A7Aax(General Experimental
Laboratory)E AH3It}. AT&TAR= ~E(ohn Stone Stone), Z1¥l(George Campbell), =3
(Edwin Colpitts), Al (Frank Jewett)¥} -2 SIA=S T84 7E-A|7kaL Alolo] F3l3
o Mo A FAE AP Aol JAALE 19119 AT&TARE o714 3 28 o yolr}

the German Chemical Industry,” Isis 73 (1982), 363-382& %, Hlolo|= o]d o] 3}statdo A xH.
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9) 191597k AT&TS] &7l thalA+= Lillian Hoddeson, “The Emergence of Basic Research in the Bell
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American Industrial Research, pp. 151-217. BA] AT&T2 A7 AFAHY = AW F23F @2lo=z
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David A. Hounshell and John K. Smith, Science and Corporate Strategy: Du Pont R&D, 1902-1980
(Cambridge: Cambridge University Press, 1988); John K. Smith, “The Ten-Year Invention: Neoprene
and Du Pont Research, 1930-1939,” Technology and Culture 26 (1985), 34-55% #%. &y Wnle &
A= Hoddeson, “Emergence of Basic Research,” p. 512 n. 194 ¢1&.
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Ath 71Z2ATe FaeAdo] FAERYA ol #Ale] QIMH VIHELE EFdTE
= AFAY AT EH%—% &4 Agsty] AlE g 71 2ATe st A 23
] HalA =2 s, IBMY 3% $+<=(Thomas J. Watson)< 1945
g Aestes FAE oA HEs A A2 E(W. Eckert)g 1L
NS B, 19519 EEALE XY olg 74 el 7| 2A7E deehe
TAE U2 EAT AAYEEE A 3 v 29 g A A 2EA S 4
] 71%3% A5 337 93 I AE(GM Tech Center)E A
IBM¥} Bell Lab% 1950 thol] theisAS 2aksl 28 AF4S WHES]
AT 25 7199 sl=FHe v Aikeeld AgAom AgE T dden, st
of AFA ZL B9VE AT EZN e TS A E L A=Ykl
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10) 71 A7429 7194 7k 9 thalA= David A. Hounshell, “The Evolution of Industrial Research in

the United States,” in Richard S. Rosenbloom and William J. Spencer eds., Engines of Innovation
(Cambridge: Harvard Business School Press, 1996), pp. 13-85, on p. 26%3%. 1920-30dt} 7|4+
29] leapfrogging®] ™3t =92 John K. Smith, “The Scientific Tradition in American Industrial
Research,” Technology and Culture 31 (1990), 121-131, &3] pp. 125-127%%. &3] A9 ‘B3)
+ Leonard S. Reich, “Research, Patents, and the Struggle to Control Radio: A Study of Big
Business and the Uses of Industrial Research,” Business History Review 51 (1977), 208-235¢] %+
[BRaE =}

11) Yd &9 2L Hounshell and Smith, Science and Corporate Strategy, pp. 249-274% & 7. FZo|

A HEE “F73F 719dTe] bl tisiA= Hounshell, “Evolution of Industrial Research,” pp.
40-43; Smith, “Scientific Tradition,” pp. 127-128 #%. Willard F. Mueller, “The Origins of the



2047 Htede) A3

b

A7 digtel] b A o2 FAEA @ A7= AR AA el AT 12k o2 A
sHAR L T ALew H3F A7 DA =fo] "Anke AS HEE HY
2 S eke] HAE DA 3 U (George Hale), Al
7har thste] Eeshx ", MITS 3shal wmolox 5 = az}ﬂo}a}ﬁ]u}(Naﬁoml
Academy of Sciences, NAS) A< 3siai5L ¢
A& HEAES AAS fal ‘T st o]

= EIL A+-3] 9] (National Research Council, NRC)E ¥t=+ o A3, g4
= % A5 AT FoFo AETF He Ak (nitrate) 4, A tHE 9
A5 W5k Vs, A w57 T2 MEsiA A AA 718t NRC #3taE
o FEATE BT e oI FL VEAEe] FRPUE dduSAHE A3 g
o A AA| AN AEEA] Utk AR B S0 mETE Btk NRCE= A4

lm 1o, rl?

IE AFE FYst= BAHA AFY Bref Al w(philanthropic foundations)E 3= 24 3k
AES Hof, FH)7] Zﬁﬂri} Z2AAY Ao A 2z} 5ulvtE 3 509HES NASS A=
AT TS 918 7SS ¥uk ol X TEAL AT&T, GES 22 7|2 RHE 7]

= 9?%’5‘%’:‘9}4. AR NRCO &-soll= gk ghAl7F ATk 191849
o] AAEFEA o] NAS AFete] g7] o] HJAA T, Fii-of A
o AAo] B Ho|= ARZ o5 A2 ALY 7|Fe e g o)A
ol th12)

)8} 94 At thEte] AL dal XY, wgv) AfelHor B = -
O F FAHAARY, 12+ O o] Fell+= 2 B
Aol g 53] FaEo] AHg vlefAthS 22} i o] 5ol At
F7F A A5 Adshr] A7 A7t 7P F8% U K patron) o] Atk &A1 O
go] 2o T4 Awlo] B3 Jh7IE A5EA 1T 55 7ol 1902l AHg 91|
9] FHI71 A eHCarnegie Institution)2 L] &4 AEdlE AL 758 7|FdloH, “4

ol of o
D)
|l

4 o 4
ol
)
)
Ji“i

Basic Inventions Underlying Du Pont’s Major Product and Process Innovations, 1920 to 1950,” in
The Rate and Direction of Inventive Activity: Economic and Social Factors (Princeton: Princeton
University Press, 1982), pp. 323-346% %9 A2 2z /st gt @ dAtiol drpE&a skl 712
g A B dArgel Ay EdxaH] sde] tlsiAE Lillian H. Hoddeson, “The Entry of the
Quantum Theory of Solids into the Bell Telephone Laboratories, 1925-40: A Case-Study of the
Industrial Application of Fundamental Science,” Minerva 18 (1980), pp. 422-447; idem., “The
Discovery of the Point-Contact Transistor,” Historical Studies in the Physical Sciences 12:1 (1981),
41-76% 2 A. 19509 do] AAE GM Tech Center, IBM Thomas Watson Research Center, AT&T2
Holmdel Bell 2ol ti3t Enz& =92+ Scott K. Knowles and Stuart W. Leslie, “’Industrial
Versailles’: Eero Saarinen’s Corporate Campuses for GM, IBM, AT&T,” Isis 92 (2001), 1-33¢] 1t}

12) NRC9| A #3} gdeol Hato] thsjr:= Daniel J. Kevles, “George Ellery Hale, the First World War,
and the Advancement of Science in America,” Isis 59 (1968), pp. 427-437; idem, The Physicists:
The History of a Scientific Community in Modern America (Cambridge: Harvard University Press,
1971), pp. 102-1545 #=.
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A o7 Zojut Al (exceptional man)d] ATE X3t BHE At L9 o]
2] AFE A Yk 1911de 7Ril7]1= 7Rl71H 1 (Carnegie Corporation)S THE©]
S gt 1903 d e w5919 3] (General Education Board, GEB)E THESE 27 #He
T 191340 2AHY AHRockefeller Foundation)& THEQITE dl|dolvt ezl 22 NRC
o] H3AEL 12} Ui F¢k ol & A oAt 5T FFHar, 19190 A Aol
A 509 =] Ve 7)ol dS AAtEe] vk (postdocs) FEE S TESL
ot o] 7192 vlFoA g9 E e 32 JgARES 1d] 20-5084 vz thE U g
ojvf el £ Bl & A= Aelar, 1954d7b4] A &E 2 Ajee] whape )
A sk var gistE Aloleo] XAl Ao uFE FHXEn 2ARY Qg T 1919
ol 5% &5 7]FeiA A el = w59 ¥ 3] (International Education Board,
[EB)E &=, 19230 IEBO] 2780 FA g ==(Wickliffe Rose)® “H 7] E H
= A" (making the peaks higher)@t+ A& FHslHA 1920 & S84 ZHE o] 39
B, T 2Rk B Ak T A9 87 tidel A Ao 2/35 HF A
A}, A vlxm EYITAE olEUW 2 F:MFto]H(Robert Oppenheimer)®t =

(Edward Condon)©| °] IEB &3t &FAlo|gltt 20d U} 303 E &3 Ad “7H
Q435 Yo’ e A Y3l Mo 2
1

ru ﬂ'

¢

¢
1o

°
o
AL

3@ ol
ol

mlo >

st e, AFAtY AES AFAH o, 4
A1 AFH|ERE 7He g ‘A28 (big science)o] AAZ tjstel]

2 F Atk BE Ao FAG
E ol 206 ol w2 A gk gigte] Zeoellrt. 31U NRC
o] W FE A X Yol A EH] UEHYS & Aile] A Ed
= o o

wse] setdpel FHom ARAAL. A Bas

(spectroscopy)s "IN = A &3, &8, 318te] Ped+5 ol & w #3e] H
Fegs dod & dvka 9al ojn 1xF i Fol NRCE &3f iS22 48
wolo| 25 v AR 25 o xglon, Aol EHHA o5&
S 71&qh e =8 o G v Fae] ekt
?_ S 2 12 %j\i ﬁ_%
FHojgtolete= olFS ZHOoRE uHto] & S 8T, 19 o]F e ZYS ol
= gigto 2 HAAZAT ZE2 oo 2o A Alo] EIT4(Gates Laboratory) &
ofFROH, oo = o] A4S AH|el AR E '] FHI7I A el A dojd
At 7 7] ZH%—% 192004 30 7kA] wmolo~9] ATz AES 2070} %8
3, ool A o|H TYL nigo R ZHE o FelytE dAM AAZ S 7HEo R 3
= EEstete] FAAE AFAZT goly 2~ E9(Linus Pauling) w-olol| 9] A4

13)

AFH glofActo] F&lol]l w1 ol i3t s} £ H2oZ= Robert Kohler, Partners in Science:
Foundations and Natural Scientists, 1900-1945 (Chicago: The University of Chicago Press, 1991)°]
2le™, Stanley Coben, “American Foundations as Patrons of Science: The Commitment to Individual
Research,” in Nathan Reingold ed., The Sciences in the American Context: New Perspectives
(Washington, D.C.: Smithsonian Institution press, 1979), pp. 229-247% ZFASIAIRE f-&3ltf. 229}
IEBo] tia§A+= Robert E. Kohler, “Science and Philanthropy: Wickliffe Rose and the International
Education Board,” Minerva 23 (1985), pp. 75-95& #zxsla, 2AHe Ao WAL Askgo] o
4= Alexi Assmus, “The Creation of Postdoctoral Fellowships and the Sitting of American
Scientific Research,” Minerva 11 (1993), 151-183% & A. Barry D. Karl and Stanley N. Katz, “The
American Private Philanthropic Foundation and the Public Sphere,” Minerva 19 (1981), pp. 236-270
& o Ajete] %8 204)7] &M W9 progressive movement®t AHAA =2]Ear ok



047] Aetdre] A= 11

o] wiEgk Ze o] At dFFAGlth dejio] 19216l Al7karel A o] A3 wjol k= oy
A AZE AESIVGE 27 Ad74E 2 5 A wigaFaemn, Aol ddd

3 A ! & ZES va 28] FAHS

= =5 ALs Rk ool o (P.M.

Dirac), °}R14rEFI(Albert Einstein)¥ 22 A58 A4 Ze o] 72 L E|ofof X
gHoR agso] glrhs & FEIUG AHE 19284l #dste] vt mE=A
(Thomas Hunt Morgan)& &3t w42 1
12k el A 23k thd e o] ==
HAAAR, 12k thd 2ol = 71 e gkl digh 2.3 420 A| L& o7 #] &Skt 7]
Ao HAE & FASHHA 7IHo Y &9n
o] MITth MITE €& o] 190210l AT&T<F &

12

o] AWilliam H. Walker)¥ 19089l 83}t A (Research Laboratory of
Applied Chemistry)E THEo] Ak A|obe] Aok

1 A

[o
ol
o
S
&
ol
&
lo
El
Ho
=
re
-
il
X

B
¥

o 71d3e] AAE &3 7]E A E(Technology Plan)e] S wott}, o]Ef3sk &
42 MITE A3AI7IE o s8] 7% ARt SAld 7 2AFE A8t B¢ ¢
Ath. wolo =7 ZE o ® w o= A eke] B3 2 ol f 2 A8 o, 1920 d
of MITS] &8t W73 ae] dAYo 5] &3 A #2& ¢ 5 vk &
B 2 dFEo] Ak 1930 MITS FFo=2 i TAaA~we Eagha) 7
HAX ¥ (Karl Compton)> MITE 7oA R =23 71& T4 tEdA 7[2AFE
ZAxete AT e R WA 7= gt A NS S G ol s HEHe = et
o ol B84 £aolE (John Slater)E o J&at 9719 S8l oS

o E g

S8 FA e gaE A2 FHow e,
W] ATt el Aol o8] AAAHA g AEH FAES vhA A, Ao

28 71FE 7140l ohd AY AveRTE FYHUth 19308 2ABLAGE MIT
o Anrel PARRE 177 AL or] 10354 of 71l WolA A B tha] Talet
Q) 2AMe, sholY2(Hyams) AHOZHE UL Wwol MITS] G775 A 57

71940l jate] el Te] A&Ael FUAE B 5 grks Aol BysiAtks Rl

1A A o] el sl d o] NRC= 719l o3t viste] 43 Fegd=d 44 2kl

‘_‘

metel g7 Aoy MITAHH X228 AL A3 obylth 1930
of AolEwA stelye] Adel= M2 FAEC] Yehdr] ARged, 2 5 shte
1) =

14)

15)

U x2a ZAee dFAT AFe] = Robert H. Kargon, “Temple to Science: Cooperative
Research and the Birth of the California Institute of Technology,” Historical Studies in the Physical
Sciences 8 (1977), 3-31¢] &L =95 A3} woldlxe] APz LAz 2] o taixe
ZY7 John W. Servos, “The Knowledge Corporation: A.A. Noyes and Chemistry at Cal-tech,
1915-1930,” Ambix 23 (1976), 175-1863} Judith Goodstein, Millikan's School: A History of the
California Institute of Technology (W.W. Norton & Company, 1991)< #=.

MITHA  wolef o] Elslstat A 38lg3l Ato]o] Z5E John W. Servos, “The Industrial
Relations of Science: Chemical Engineering at MIT, 1900-1939,” Isis 71 (1980), 531-5490f 2+ &4
o 9t} 1930dd) AZE L el tigk 7P £ XS Christophe Lecuyer, “The Making of a
Science Based Technological University: Karl Compton, James Killian, and the Reform of MIT,
1930-1957,” Historical Studies in the Physical and Biological Sciences 23 (1992), 153-180¢]t}.
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Lol A REE et At 4tE i = A& AFHY o]l 7}
7HR T ol 7 IHERNY 7las vt A71A 9 HEdE A dste i 71488l
=y <A 7] F(National Research Endowment)©= A 3j3liL, o] & &7¢3t <1 (Herbert
Hoover)®] =+ #1771 (National Research Fund)%® $HF9] =% Box] K3t A A=
BN of7lel 1920t EdHH AlFE T2 7|99 AE 5 Al =2l
gho] kA= A AA AFIEE AMEe] FE
%35 g 2 AdE ¥ 513

19309 d] Zute] t7|dE>
TG A Ao A dek dEeke
A ADATE FEAE A gl g e =) $1¥ (Warren
Weaver)7t 27 8e] Aleke] 2Adsshy AQaa e 19329 o] Fo = Ajgho] thA]
gte] A5 AAPYARE, 1 ok FAAEEH o] HFHAUTE o] d Al A
Az B9l Bowman) 22 a2 Aol #3taEe 7| 23sd -] A o] olAl=
A Foll oA o] Fo]xof gtrhar ®7] A AT} 16)
o5& HILstEa wojdt AetATE Adetr] S Aok AR #AE AT
35 glE] 9l =7 A ZH(National Recovery Administration
F2HE QHE= A, 28R, ol HHEE A 9slE 24 7o glEt, NRC
Al gFger AeEd HewWe 19333 ARz ol A9 3 (Science
Advisory Board, SAB)E W=+ ] Aestal 1 oo MIT T4 AZES A3
o AR E = B HAZERS AeAEe 28 AT A 2 A, elE
AAYAHALY] thE WA(Guno Dunn), GM A4 2% A8 (Charles Kettering), 7H|
714 372l W] 9 (John Merriam)2 83t A AZHo|Y B9-HE g doj} I
7o) AT nt= GEO 37 29 7(G. Swope)Z2 Abghe] ARt =3 AT

o
z

=

Q
-
N
(o
[o
=4
Il
o E
o
=
o 1o
)

¢

mTo
Mo
off
QL
=
30
a4

1o @ ol
o

F9(corporate liberalism)®] A7ztel] AEHASE =& F Aed, 23AFFIo= T35
¢l Aga-eh WIZEEQl V1] e] &4 OHH w7ke] WS A WetA Al s of dvh= Az
=22 shal Utk SABE #HEatEe] AEA S E8aA 7=, 38 2 B, F
Hi, 58w 22 AN BA 585 udste oS wkARh Beda IR ¥
AR BA L olF T8 tigte] A5 A sty = Aol SABE 1933d o] A2
H 16007 E9] dliks AetAdTE 98] AT AS AP o, 1934 F2EE
NEHFoAA THATIA TS & S e sh|e ok A=

Th &y
o] EFo=w ¢ MITEH@% 1932-35de A< EHUAEE] A & (Tennessee
Valley Authority)ell &s nAGAE A5 Ak APdhaz, 1938+ M= dHd
=Y 27 (National Institutes of Health)oll AFZZANEE Aoty = v}, 218Xt
1930t} FAlell= o] T oW Ak AeAeolA] X3 e AL ol Y
ol WelAd e pAte IS thslo) Aol atel el ke A}A oJodo] o3k
AR N2> B FAE ook -2k Wz Yol A SABE AR #skatEe] F
o] Fof = =714 A 8 9 93] (National Resources Planning Board, NRPB)9} S5
H=vl, NRPBO| Ab3]seiatse oz 57F P4 Aeatsoel Ay }L Zo] Ao
AE ofstAld 4 dvkal SABel wrigivh. AstAES AN-o A& Ak A=

mlm

(ol

16) FHAT7 59 FHAF7I7Y Ao thsiid= Lance E. Davis and Daniel J. Kevles, “The National

Research Fund: A Case Study in the Industrial Support of Academic Science,” Minerva 12 (1974),
213-20% Fx 1930dd) A= flufel]l o3 A A Aol AtA99] W3l Robert Kohler, “The
Management of Science: The Experience of Warren Weaver and the Rockefeller Foundation
Programme in Molecular Biology,” Minerva 14 (1976), pp. 279-306 .



setAEe) S FE9e Aol SABE obvd AdHel 4ug wshd %
35110l SlAHIth, 1A 30t olH @ RS AZH Y Wi wee] Qe
W7k SsAE Afolo] AT oA"Y 24 % %

TS Uk E s 2a k18 40d o] WEkE 7HA

=2 rlo rr

Y,
rlo
o
-

lm
2

o
:Oé

HeATol o8l A=A o2 gk A7 o] s AFE A & o]+ NDRC(National
Defense Research Committee, 1940)¢} OSRD(Office of Scientific Research and
Development, 1941)9] Al W E% MITY AXHE, st =9 3132 I I E(James B.
Conant)vt Zrg] 9] ZW(R.C. Tolman)¥ & Ao AAY 338t & A=A A
S, F-Al(Vannevar Bush)¢} 22 x|y o| ity MITS] & 8H- 85 Alivh7l 19384
2H A" FHI7IAEe] 9%, NACA(National Advisory Committee for
Aeronautics)®] HEE AWl FA]& 194094 NDRCE ¥HEIL 413 5H o] & g 7id
gk OSRD®| o7& AW™A e, 7199 Astr|exts3 AR Abolol] FES A+
Al (contracts)S A ZAsNA HAUAAS] s, #HolAd 7, 38 A2 (proximity
fuse)®] 7, Hepegol oF /i 5 HAe AA AR T FEH3 AFAHHE wHEO
Wk, 9argk> OSRD7F obd St 4bste] watebA| Eel ofaff 7= A wE FAl e s
Ex dArgk ko] fEAEs oA ol ol OSRDw wista} 7]§je] 317
S5 AFAIES Wol AFHE AL, 23k Bt OSRD9FE] A oFs 53
A MITE £ 19 1319 g, Zge

= AATH FA7F gbsl] WA Al 9 (contracts)> 28+
M-S Hig BAstHA AR Ads HEor =H e AT 71Ad

¢

17) 1930dt) FHEEl, B9l Ako] thak £& E24o07= Robert Kargon and Elizabeth Hodes, “Karl
Compton, Isaiah Bowman, and the Politics of Science in the Great Depression,” Isis 76 (1985),
301-318; Kevles, Physicists, pp. 252-266°], SABS} NRPB9| ZH5ol tsh #pAgk #2418 Joel Genuth,
“Groping towards Science Policy in the United States in the 1930s,” Minerva 25 (1987), 238-268¢]
otk 1930 dd) MITHsre] Al=o] tai+= Larry Owens, “MIT and the Federal ‘Angels’: Academic
R&D and Federal-Private Cooperation before World War 1,” Isis 81 (1990), 189-213& = &#¢+
wlof] 9l FHEE Q] 9182 Kargon and Hodes, “Karl Compton,” on p. 318.

18) 1940dtie] wWslo]| thek £ /|¥S A, Hunter Dupree, “The Great Instauration of 1940: The
Organization of Scientific Research for War,” in Gerald Holton ed., The Twentieth-Century Sciences
(New York: Norton, 1970), pp. 443-467°]t}. 0] 7= Daniel L. Kleinman, Politics on the
Endless Frontier: Postwar Research Policy in the United States (Durham and London: Duke
University Press, 1995), on p. 29%%. ‘A7 A= Roger Geiger7} AFHE3F -gojo]t}. Roger L. Geiger,
Research and Relevant Knowledge: American Research Universities since World War II (Oxford:
Oxford University Press, 1993), on vii.

19) 22 tId &<k NDRC, OSRDE &3¢+ H&al5e] AAAT | talXe Kevles, Physicists, pp. 286-323% %+
Z, B9 “AiAloF wlAUSS E3s|4 OSRDY %A} A7l et e 2A1S Larry Owens,
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38, 19409 HZ22(e| 8F ZolofA HiH} FA 2IFol[AM3 M Helx BHE FAle] QEH

L Ao (ZHES] 22H
FAl= ARl & Ty OSRD7F HslAlo] A &4 4= glok= AR
T Al o] Fo] A R HEkAFte] gk A o] A EEofof g
o|F falA AFIE HEtAtEe o #EEE AFAGS vhEo] HEATE A daf o
- t e ZEE,(1945)F e AA A=t FA19] At
AES Frisiths delEF9 ool z vEh Sl
HE FoArZIthe= AAS T W53 Adod 2
egdset digsithrt A5 1950 Ay AE A
(National Science Foundation, NSF)o] A2 1 A4S Wit} 200 2827t 19459

=

|

the 7
At A

Ao ]
o= A8 2 HEE AT

20)

“The Counterproductive Management of Science in the Second World War: Vannevar Bush and the
Office of Scientific Research and Development,” Business History Review 68 (1994), pp. 515-576= &
7. Owense OSRDZ} wkx] 1920t 38]¢] ‘associationalism’ & AAA7|E St fAIZA T AFA <k
IS A AL 7] wEel] Aoz OSRD7F F-A19] SAE Holue-S #&3sla 9tk

FAl9] Fahel 1 Z§ls ZEE 0] 9F NSF| A gl disire B2 A77F AR &9 dTEe] 53] &
43}t}. Daniel J. Kevles, “The National Science Foundation and the Debate over Postwar Research
Policy, 1942-1945: A Political Interpretation of Science-—The Endless Frontier,” Isis 68 (1977), pp.
5-26& X9 sk 3 NSFE 2xF thd E¢to| 7|85 Uw Technology Mobilization Act, Science
Mobilization Act®] & ol TS 1o, Jessica Wang, “Liberals, the Progressive Left, and
the Political Economy of Postwar American Science: The National Science Foundation Debate
Revisited,” Historical Studies in the Physical and Biological Sciences 26 (1995), 139-66-2 §-A]2] 7]
SHEHo|a AYEAQ] ¥} Firofe] FoulFFoAl g Hlwstal glrk. Kleinman, Politics on the
Endless Frontier, pp. 74-144% #8HA59] 52M3& TAIGE tiale] NSFO] A4 2A59S oAzl -
A9l otz tiefel Al HeE HASE Al NSFY FSFF4 0l 57k AA Fehr|eA Ao gk =
A3 Agks Asker ZAao] ke Ze AXA =4S BAskaL ¢lew, Nathan Reingold, “Vannevar
Bush’'s New Deal for Research: or The Triumph of the Old Order,” Historical Studies in the
Physical Sciences 17:2 (1987), 299-344+% Fa}sh oA F-A|7} AQkst Zlo] @z o2 NSFZ o]oj#ith
= A4S BFsHEA, FAl9 o] 3Tt 1945-501 ) Atele] AA| #Eg A Atelo] & 7t ANSS T
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Al 19506 Afele] 5 Eote] ol AMARIE A 93] (Atomic  Energy
Commission, AEC: 19461 A 9), dl*<+4(Office of Naval Research, ONR: 1946\
A9, rd B A Y (National Institutes of Health, NIH) 52 &34 3}3—}?3:%%: A 3=
Hlgo] A4 Aol vjal] vladt & gle v AXh A4 e 1946158 1950 7}
A 20070 tiEhe] 1,200 7o) Z2AEE A dastAA wid 2309 % ko] 7] =AT
of Eopielar, o]#l A& Fal 2,500 A Eo] WAL E WS 4 USITh dAE 9
i

A89} FRTE 104080 Fuk5} 50801 E BalA MITS ARFFoAT L, AL
F ATA, FAATL, FUI1ATE, AR EATE, ELFN2 Bote] $4E

AT A(APL), WA AYEre] Y298 AFA ~2MEE 3] nlo| a2 AT A, HAAF
SAFA, U AT et AY7EE7)AE, 2] A EFAFAUPL), M 29
2 AT A 5 A3 e AFAES ALk oln A A5 MITS] AApg sl
2 sl elatel MIT dlsh Aol &9 olibs 718 AEgizdl, 19409 2o
MIT®] 7+ o4t & 85%7F =49k AECRF-H A ehital lglch 3] AL F2
AN B Bl e, A, HFE 3 solden, B2 oA aAE
gota I F7] S8/ S AT F dAEY AP Eoret 7] el JEHom X
=i} 21

27} g o] $ o} AECe] 9|8 #pated oo 29 19490 sdo] A Uxjgr 4
Foll gt 50del s Aol wltelH A JFEEQAT A A nla S
= I el mAd ATRE wEA VeSS A7) AR e, S A
o] WStHA H AR E AU Abste] AT U] E vhEo] HEAER Bl
w A HEe 58S Folv WS aucbetE Far, 1952del= W o] FrjdT A
(Livermore Weapons Laboratory)E A Ht) stardgoz yxd 97]194 9] 4=

Hn

AN

21)

sht). FAle] FEel o] “aEks 918 AEUL FAlS okl g AlAIRE EaAQIYHA, John R Steelman,
Science and Public Policy (Washington, DC., 1947)& =7}2] A2 93t 38le] A& 7zt 3}
shiol ZHAA ALY olF¥ ogekEm wxx E3t}. William A. Blanpied, “Inventing US Science
Policy,” Physics Today 51 (Feb. 1998), 34-40.

19453 o]% djatdA Ao Y= Harvey M. Sapolsky, Science and the Navy: The History of the
Office of Naval Research (Princeton: Princeton University Press, 1990)%, thdte] A} ¢7kol tfaljA]
+ Stuart W. Leslie, “Playing the Education Game to Win: the Military and Interdisciplinary Research
at Stanford,” Historical Studies in the Physical and Biological Sciences 18 (1987), 55-88; idem.,
“Profit and Loss: The Military and MIT in the Postwar Era.” Historical Studies in the Physical and
Biological Sciences 21 (1990), 59-85; idem., The Cold War and American Science: The
Military~Industrial-Academic Complex at MIT and Stanford (NY: Columbia University Press, 1993);
Robert W. Seidel, “Accelerating Science: The Postwar Transformation of the Lawrence Radiation
Laboratory,” Historical Studies in the Physical Sciences 13:2 (1983), 375-400; idem., “From Glow
to Flow: A History of Military Laser Research and Development,” ibid, 18:1 (1987), 111-145;
Michael A. Dennis, “‘Our First Line of Defense’: Two University Laboratories in the Postwar
American State,” Isis 85 (1994), 427-455% #z. 4AMIE E2]8k3} 714:7] Ao thek x]del tha)A
© Robert W. Seidel, “Accelerators and National Security: The Evolution of Science Policy for
High-Energy Physics, 1947-1967,” History and Technology 11 (1994), 361-391; Peter Galison and
Bruce Hevly, eds. Big Science: The Growth of Large-Scale Research (Stanford: Stanford University
Press, 1992)& #%. Adrienne Kolb and Lillian Hoddeson, “The Mirage of the ‘World Accelerator
for World Peace’ and the Origins of the SSC, 1953-1983,” Historical Studies in the Physical
Sciences 24:1 (1993), 101-124% v|=r2] SSC(Superconducting Super—Collider)7} YAHEE] 8ol A w]=;
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22) A A ol k] 3t £4 02 Daniel Kevles, “Cold War and Hot Physics: Science, Security, and
the American State, 1945-56," Historical Studies in the Physical Sciences 20:2 (1990), pp.
239-264; idem., “KiSy: Korea, Science, and the State,” in Galison and Hevly eds., Big Science, pp.
312-3339] Ut

23) AFEUTY =243 ARl 7]|xAT AP Z7fo| st EAS Roger L. Geiger, “What Happened
after Sputnik? Shaping University Research in the United States,” Minerva 35 (1997), 349-367;
idem., “Science, Universities, and National Defense, 1945-1970," Osiris 7 (1992), 26-48, esp. pp.
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44-48; idem., Research and Relevant Knowledge, pp. 157-197; John Aubrey Douglass, “The Cold

War, Technology, and the American University,” CSHE working paper (ishi.lib.berkeley.edu/cshe)l| A
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v AA tigtel] tiafiA+= John W. Servos, “Engineers, Businessmen, and the Academy: The Beginnings
of Sponsored Research at the University of Michigan,” Technology and Culture 37 (1996), pp.
721-762%5 FZ. 238A(0ak Ridge) A+429 23S XY 9ol 1(Alvin Weinberg)x 1960t =
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S-S AAstal 9t} Paul Forman, “Behind Quantum Electronics: National Security As a Basis for
Physical Research in the United States, 1940-1960,” Historical Studies in the Physical and
Biological Sciences 18:1 (1987), 150-229.
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7194 ¢] W3l= Hounshell, “Evolution of Industrial Research,” pp. 43-49; Smith, “Scientific Tradition,”
on p. 128; Knowles and Leslie, “Industrial Versailles””S %, 7H7]-4& tjgte] A7e John W.
Servos, “Changing Partners: The Mellon Institute, Private Industry, and the Federal Patron,”
Technology and Culture 35 (1994), 221-257%, Alo]=d~® theld] tisA+= Darwin H. Stapleton,
“The Faustian Dilemma of Funded Research at Case Institute and Western Reserve, 1945-1965,”
Science, Technology, and Human Values 18 (1993), 303-3145 & Z. A% x®lx= g e
Rebecca S. Lowen, “Exploiting a Wonderful Opportunity’: The Patronage of Scientific Research at
Stanford University, 1937-1965," Minerva 30 (1992)%, AFstdEe AlZte]l tis|A+E  Annalee
Saxenian, Regional Advantage: Culture and Competition in Silicon Valley and Route 128 (Cambridge,
Mass.: Harvard University Press, 1994)& %z,

19453 o] % m)= 38tuS2] W3li= Bruce Seely, “Research, Engineering, and Science in American
Engineering College, 1900-1960,” Technology and Culture 34 (1993), 344-386. #x38}A] #atsle
sl o) thal njF o R Eugene S. Ferguson, Engineering and the Mind's Eye (Cambridge, Mass:
MIT Press, 1992)7} st}
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1950t 60t 259 717F Bkl 7]xA Tl tigh Wgo] A9 ‘WAl Tk AER e B
o531 = A0 = Daniel S. Greenberg, The Politics of Pure Science (1967) (Chicago: University
of Chicago Press, 1999)7} 2lt}. = g#olztdn]e] Aol ES Ae] Wolso]A] gopr] A o] E0]
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Keniston, “Introduction: The Social Contract for Science,” in David H. Guston and Kenneth Keniston
eds., The Fragile Contract: University Science and the Federal Government (Cambridge, Mass.: MIT
Press, 1994), pp. 1-425 & #.

28) Everett Mendelsohn, “The Politics of Pessimism: Science and Technology circa 1968,” in Y. Ezrahi

et al. eds., Technology, Pessimism, and Postmodernism (Kluwer, 1994), pp. 151-173.
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“Science and Technology,” Osiris 1 (1985), 229-246, £3] pp. 233-237 Z Q°Fx o] it} TAS,
‘) V&) deag AHomAe Ve AxlomAe e fAE T EetEAe] Fet v]%, 3
I} ZAAJAF 1999, 193-220 &= #-23lt}. 3Fl=Ato]|E TR AE teAE= Chalmers W. Sherwin and
Raymond S. Isenson, “Project Hindsight,” Science 156 (1967), 1571-1577& % ¢ 749 Q&2
Wise, “Science and Technology” on p. 233.

32) Sylvia D. Fries, “The Ideology of Science during the Nixon Years: 1970-76,” Social Studies of
Science 14 (1984), 323-41; 1987l a3t ds] o 24 Hehe(George Brown) w59 A+
H A 713E A Aste] ¥3ste AUseRE BEs ks A IAT HASslE dole A9
3}, Kleinman, Politics on the Endless Frontier, pp. 176-182. thaA Y& ¥ &3k nj= AR 3}sly]
A e TS, TSl BT AQAAS MmAT: Eeld Behe B0, welvshn
vfabel BALSHlE: 20005 ol ok
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A= HFE Ar)EAew, 1970d ] FRHLE w=e] 7grtEe
Wio]  w= Aol HAA  HAXNGm de wow 1
i}”(remdustrlahzatlon)OHOVT}U}J— Z‘r@'&"}\ﬂr 7HE] AAF AJde O

Al 29

Zo|= ;4\ AUl H o] Eyxgg anauq%)

Aol Al A9 19709 d) ERE oAl 2 E Y. 19781 o] 5 Al
ek FA= 1093 wid A 129%4 S7hglen, 1987 del = 23t 8l Fetiope] o
M EES A dite] 1209 8ol &3tk NSFE &8 ot A1) A= 1980

Zkel] Al A S AT 53] 80 Zwtel] =Tt A sk 7] 2AH 7 °oF 30%
7h7ke] FHE AT TREARE AR F AN i) Frlel e Etstar, st
o2 FUFEE AFY dve FdAQd A FAE B 1977-87d 9] 7|7 st
AT A47IFo A F7HES 4% AL, WY B9-= TRk 7199 AT ¢
F2= 19839l v=e] F AT NS T2 39%l4 1993W0l= 50%= 57t
= =93 L E]Z:]_ 63%3 9/] =] xﬂo] 7}-]51 EEXJHO]]/H l"—o:]X] Z] xﬂ7]ZE +O]—/\1 EHB‘]’?ﬂ]—
719 Atololl #2198 555 d&st o EH 7|99 als FXehs Wdow AdA o
2 Wsgvs Z\O]ﬂr aEA N FEATY AT E ALE A5l AR 54 7
AL HEUE, S AR Ao “7|YEX"(corporate welfare) A A o]gt= v o] ™
o g AAgT U‘}E}i g &3t PAFTE He AL, 7ol A= s dys
gkstatar igte] diefA = A A ALEEES stk Aolglth. 19804l FdE wo]
(Bayh-Dole) <t tigto|uy} SA47[¢lo] IR0 A& whol 3%k A2 3
ZHA Wl A S steiA] AEEE 7 v dS Gk o]F figte] 53+ 19804
-1990d 10 Atolol  240% SRR 22 3 EFE  AEEE-9olEY
(Stevenson-Wydler) HeFe  AWdAFA47E 7oy tigty “YEA :rL7HEL7Jﬂ
°F’(Cooperative Research and Development Agreements, CRADAs)S W= AL 37}

At 1982 E3ty F47] 994 eH(Small Business Innovation Development Act)&
NSF&} 22 AH7]3e] 7199 75 4T 5 e 45 ddnt 198340l &3+ 3]
A 2FH(Orphan Drug Act)> 3|7g ®oll ik oF 7ol Alas AdAaL, o= st
A A WA AFs|AbE Al 53] el JdAE AFFeh 19840l e

33) 70 o]F 7|&EA S MEA Z2HI A== James M. Utterback, “Innovation in Industry and the

Diffusion of Technology,” Science 183 (15 Feb. 1974), 620-626; John Walsh, “Scientific
Opportunities Syndrome: Invoking the British Experience,” Science 190 (24 Oct. 1975), 364-66; R.R.
Nelson and S.G. Winter, “In Search of Useful Theory of Innovation,” Research Policy 6 (1977),
36-76; Stephen J. Kline and Nathan Rosenberg, “An Overview of Innovation,” in Ralph Landau and
Nathan Rosenberg eds., The Positive Sum Strategy: Harnessing Technology for Economic Growth
(Washington D.C.: National Academy Press., 1986)%, Yo gt £ o2+ Edward Feigenbaum
and Pamela McCorduck, The Fifth Generation: Artificial Intelligence and Japan's Computer Challenge
to the World (Brighton, 1983) . 718 P45 ©¢le] #slr]&A 2 Wl tslAe David Dickson
and David Noble, “By Force of Reason: The Politics of Science and Technology Policy,” in Thomas
Ferguson ed., The Hidden Election: Politics and Economics in the 1980 Presidential Campaign (NY:
Pantheon Books, 1981), pp. 260-312 =,
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2718 = A H(National Cooperative Research Act) EA 3 7o thajirs =
JNEHIA 5514 A5 FA Fevhe B A, o] WY AR o5 AA7IYol
HEsA e A 2 EMAE 94d7bA] 575700 Egith 1986 BatE A
71% o] dH(Federal Technology Transfer Act)¥} 8912 %7}7:‘ A 7)Eol Y
(National Competitiveness Technology Transfer Act)2 = HA A2 AR Aokst

ATAE7 7ms Al AESIAE e AS E]lnhsd
1978 dF-E 2t 5A+AE X Y3s7] AlZHeE NSFE 80 o] o9k F8e #¢
el A 7] “HE7]E  AFAE"(Centers for Research into Generic
Technology, COGENT)E x| d3}7] A1zt 1 23 1980d S Es AlAA], A]~H
e FAA-3R & dAFse 500707 @& “FerAG-AlE " (Engineering Research
Center)7} "= H o] thdto] whEoj Al At sAT A5 84 1 = 19949
L1002 ot &8 3t g S244Q A{ists ¢ ool A
o] 7]E9] A o)A A, NSFe] M2 JA2 Fed+9] 4§ ol& Fstd -9 A
o HEE 7 drke Qe ¥stE vk AT 19759 StH= st A4k
EAL Abelofl 27 3wwk Bt AgtAko] AAE A AIRE, 1980l MITS 9=0]
guidt Zate] AgAloFS AAskar 1981-82\d Alolel m= whA] 7| At 3}8s| A}
o] Fuldt Bo] Y= Ag7]as wEo] e A& Adsty] AR eEs 71—t
o] A= GEUH AHE Ak dita 71 Atelddls A4, 71, o] uRiot g
ol aL, ol& whgstcol gt Ate}t VAT &
5

]1__0

il

=59 22%°A 35%=% &7kt 1980t SWHEE
Aol ZA2~HA A=HAT 1 FRE 799 5 sk &
date S AL, A 7IgEe] vl= BEA ARS F3AAtE SRR
19879l wHE EAaA Y AlwbE A(SEMATECH) = 177 WA 719 7

A Q& wa, DARPAS 538 JWARZRE vid 198 gt 198849, W5
el & F9Uohn Glenn) 7IFE Atoldl =4 A Aol AallA = videl AR 7
2 el HE-ES 913 DARPAS] ACTA(Advanced Civilian Technology Agency)
g wHEolok gtal ARbAIRE, A= o] ‘RIZF DARPA'ZF 71E Foll $Ake HAtE 7t
27 "dvhs wigle] HYsA AT gl g€ S5 (National Bureau of
Standards)S = HEF=L7]&A T4 National Institute of Standards and Technology,
NIST)® 7HHstar, NIST Abstell 7199 7leMds Adstes 1g7|eZ=219
(Advanced Technology Program, ATP)o| Al 2]t} 35

34)

35)

1980t B3te Woky}h ojAlo] thE Ate] mF J¥2 Shelia Slaughter and Gary Rhoades, “The
Emergence of a Competitiveness Research and Development Policy Coalition and the
Commercialization of Academic Science and Technology,” Science, Technology and Human Values
21 (1996), 303-339% #z. Slaughter®} Rhoadest ©] W37} “Cold War/Cancer War coalition” ol A
“Competitiveness coalition” 022 wW3lztar £33k dth David C. Mowery, “Collaborative R&D:
How Effective Is 1t?” Issues in Science and Technology 15 (Fall 1998), 37-44, on p. 38%= 80 th
Wsh7h & gokslo] gtk 1980 ] uk o]F BAYES Axatal A4 AEsE watedd 44 wsh=
nl=rouk =-3kel Zo] olUt}. Sheila Slaughter and Larry L. Leslie, Academic Capitalism: Politics,
Polices, and the Entrepreneural University (Baltimore and London: Johns Hopkins University Press,
1997)& olejgh Wslrl, % oRgke] A% xfol& YANE Q= w=, S, Rl o FEH R AN
Wil S HolFar gl

"US Technology Strategy Emerges,” Science 252 (5 Apr. 1991), 20-24; Kleinman, Politics on the
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Fpetd o] A A W3l AR WMEE g F$Q23 Qo). 1973 A~ E =)o)
i=]

A EeA 2~y F3(Stanley Cohen)¥ UC MEZFA|AF thste] W E Ho|o
(Herbert Boyer)= FAAX A %3 (recombinant DNA)O| tf 3k =&-8 Tt} o|EL
ZAREY] AR 53R HEwS ¢ gle T4 fekA Aol gar A7+~
T 2R f8he] V)edtolAld o] gholw A(NL]. Reimers)® & Al oo g &
H2 =93 AS Zadr A7 ogA Z29¥ Ed= 1980 A EHElE|(A.
Chakrabarty)®] 7|59 = vteglotel] thet 53]t $7 tidelA SAHAL, Th3f<]
1981 'l =fshe 31734 ket wiels] ghol A& A A 19 447 o] =2

B +9E Selt o ABAT FARAEIUL Aol BE elelole] Fo7t Hels

7] 2-39 ARE olu] HeHAS e BE AVE AWEe) FAAS J AR, H
A ZTHE T TAZ Holoje= WA 7|A7 2¥8<L<(Robert Swanson)¥ d2Fal A

1976 AR AHFst wlxr|gel  AE| = (Genentech: Genetic Engineering

Technology)AHE A HFT o] 3|Ab= 19780 A Eshaow e Qlads 483t

gom, S FTalA Hololg aF wtel 6% ES Mo EQl AR wEAT 4

Ftoll 7|gkgk Ay 9pste] 54gk ' 9 o] E Mk Ay g -Jﬂ okt P H o

go] 53 &9 F5S =, 19707 g 5359 tiiio]l SA 3 B ~H

(measurement and testing)?} & 384 Q1 Ao 5ol w3l 1980L1T1H ol %= A

=3, oFg), 38, A7), aear W e o] S HAYY £o® I F=97F e
= i B

=, 196555 1994d7b4] 30 w<tell w=9] F 53]= 50% F7Hals WolAsel vk
a4 diste] 538= 1,100%WE w5 k30
1990-91d Aol wl= AH-o] }38}7]<=7g 4 o] Z3}9} S

719 0] REEolU= 7w Alolddl EAlake FR9IE ‘AT AA N E A dehes AoR
gds  HHARAT 19919 xol die® Akete] AL (Council  on
Competitiveness)E 1= AR7} A}, o8 Hoke] A/ YT o] XAt gjal
of, 2k A MEAFef ol qA] Aol diali e BATS diEa FUol vlsA] HF A A
AQsttE HIXME WEowA, AHAR7F “H87]%"(generic technology)¥ “EAl7]
=" (critical technology)S A|slloF stvfar ZFx28ct HE7]=, 2 “AEDHAAEA
W& A" (pre-competitive, generic research)® A77/HES 7| 2d, $&AF A
2 UFAS o S&ATY Yol HA AA= ASZA Y Hdutel] AAA 7= 4l

HEIE FE S A AT AN ER A LLEde], P, ALA 5 217
e TEST Atk WEAT) $EAEL |2ATH $EAT Y o] o
A= gt gekn FEeEA, MEATE $EATED S nrks Jl%e B /) za

, = “71%7]1%A " (basic technology research)® 7FrdljofF shtbar =43t W& o

36

N

Endless Frontier, pp. 179-180. 1984'd 33}, F3h 7S S48 tfekst 9749 ol 1984 Science
Aol A# AAHE editorial(27 Jan.; 10 Feb.; 6 Apr)ollA 2+ =gjdt} I ofE WH3l= 1980 S Ea)A
NSFe] #|¢lo] AHaATate] A Qolld BAHE A Pah= Wakow 23 A3|gu, NIHIAE 7Hole] <
oA Bxoe] ksl ATS W= Aolth. Slaughter and Rhoades, “Emergence of a
Competitiveness,” pp. 326-27.

Y Holo]o] EF|o the ¥A4& Sally Smith Hughes, “Making Dollars out of DNA: The First
Mjaor Patent in Biotechnology and the Commercialization of Molecular Biology, 1974-1980,” Isis 92
(2001), 541-5757} vk AHFste] tigte] AFAFE vhr AA] g £ FAo=E Walter W.
Powell and Jason Owen-Smith, “Universities and the Market for Intellectual Property in the Life
Sciences,” Journal of Policy Analysis and Management 17 (1998), 253-277< .
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37)

38)

AAE Q3] B thdk Ao B Philip H. Abelson, “Technology for America’s Future,”
Science 252 (10 May 1991), 757& #x. MEL 7]& AAo| daA= John A. Alic et al., Beyond
Spinoff: Military and Commercial Technologies in a Changing World (Cambridge, Mass.: Harvard
Business School Press, 1992); Lewis M. Branscomb, “America’s Emerging Technology Policy,”
Minerva 30 (1992), 317-336 52 = Z. st 7|9 ds] 9FS Al AR 7|23438r
T AYE 309 @A £33 24 Bl (George Brown)%® 19920= S8} MAATS A
A7y wsop Heke] g Fal, Al AL oEes (Y dvkm S vsiYh e 93]
glojoll A “40do|} H [FA19]] Bdo] A g2 AFstA] Fr’n AFENA FH8x} ALgle] S-S AT
% 3. George E. Brown, “Rational Science, Irrational Reality: A Congressional Perspective on
Basic Research and Society,” Science 258 (9 Oct. 1992), 200-201; Philip H. Aberson, “A Changing
Climate for Scientific Research,” Science 258 (30 Oct. 1992), 723. F-A|¢] Zdlof| t)3l A3+ F.
Albert Cotton, “Concerning the Future of the NSF,” Science 258 (16 Oct. 1992), 379.

Zael PR 38714 Ae Eliot Marshall, “R&D Policy that Emphasizes the ‘D" Science 259
(26 March 1993), 1816-1819; George E. Brown Jr.,, “New Ways of Looking at US Science and
Technology,” Physics Today 47 (Sep. 1994), 31-35; Lewis M. Branscomb, “Who Should Fund Basic
Technology?” Nature 392 (12 March 1998), 123-124S & . ¢ AW o <188 Slaughter and
Leslie, Acadenuc Capitalism, pp. 47-48°]aL, “AejA]” <} o}l Eg]g}ele] H|w+= Gerhard Sonnert, [vory
Bridges: Connecting Science and Society (Cambridge, Mass.: MIT Press, 2002), on p. 21.
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39) Slaughter and Leslie, Academic Capitalism, pp. 36-40; B.A. Giamatti, “The University, Industry and
Cooperative Research,” Science 218 (24 Dec. 1982), 1278-9. tjghe] Aol tiat tjg} F452] <14
9] W3}= Shelia Slaughter, “Beyond Basic Science: Research University President’s Narratives of
Science Policy,” Science, Technology, and Human Values 18 (1993) 278 3028 #Fzx. 80l o]%F
MIT, A, ~0X =, BEEE f)ghe] Mgty tairs 4%, o7, AlTd, o274 A, "dxls uighd
TAAQ] B dol| gk A7, FErEF AT 2002, Al 477 F=E



Aolth, 719 e 94 B8ahd Aol iz A1xAT U 913l

|2 A7E AEe] AT
aol A SRS R 2AEAAY Bt g GRsH N FAFES s 4AL
HEs HQa, ek olv] 1980d T FE 71giate] EUG S AFH 0w wagrhs
A A et 7199 olsirk AR Zo]chio
gtel AA AFuT et EFAA 1ol vk Jgele] EES Eolt dds
JuHoE AZE 1Ee AN Aol @ /149 GFoz 0Ty Y5 HE=

BAas ol o= 1 o7t At AxEs Roksl 7AFE
3ol Aol YERSARE, o] A2 2Ekde] At RS
Holqit) A F-slo] A2 o ekE Jdlel] AA Aol Hgs ot
A, AR Al Bhiek o ke FAletd 1= Al Al
f Er?(}aﬂ‘% ol AFA A I Yok AAs)
A7 52 A5 REAE tiste] A3da 943 dus AUdA A5
, ol tAl tHE-A Al FIA-RIA 7| - R ATa Afol o]
A4 o] shF7F drpstal Wskal, S dor=
THY AEHI FoS TAHA e 54 ol 49
T UIE A o] dubA <l d4te] Hdd Aot

D:]o] L%‘— /\]_T—ﬂ— ] Tz ?j

d

H

o R ol
o

£ -
4

o
=

[e}
ool = Ttz A4 o]

4 wEel A Agel dgla

A o] BEeE At oo} the A9 MEAAES FYFHE A
aaBH Aotk

M ok |

K

]
A

O 92 H0 oF ¥ W oo Jm % oF 2
u

ooy R g

of

B3 e i 4 S B et R A

40)

41)

80 o]% thet-719el BAlel thelAE= Roger L. Geiger, “Milking the Sacred Cow: Research and
the Quest for Useful Knowledge in the American University since 1920, Science, Technology, and
Human Values 13 (1988), 332-348; idem., “The Ambiguous Link: Private Industry and University
Research,” in William E. Becker and Darrell R. Lewis eds., The Economics of American Higher
Education (Boston: Kluwer, 1992), pp. 265-297 #%. 90t o]% 9] 7|Hd T4 Hal= 119 &3
o] -&3}t}. Philip H. Abelson, “Evolution of Industrial Research,” Science 265 (15 July 1994), 299;
Richard S. Rosenbloom and William J. Spencer, “The Transformation of Industrial Research,” Issues
in Science and Technology 12 (Spring 1996), 68-74; Colin Macliwain, “Industrial Research Booms in
US, despite Job Cuts at Large Labs,” Nature 391 (19 Feb. 1988), 723. Varma®} Worthingtone 7%

ATro A4 AEMde] W3lE autonomous modelol| A linkage model®Z2] W3l= mjolsin | o] 3}A o] A
ATa AEAEY] 5943 Al digk A, A7Iite] o EAeS Holal gtk Roli Varma and
Richard Worthington, “Immiseration of Industrial Scientists in Corporate Laboratories in the United
States,” Minerva 33 (1995), 325-338. tigta} 7]§19] HEUgo] hHek A& A ofurh 7|0l gt
o= stodu AFetd ke FAE UF-E S8ATela, o= U] 7| xAT HES 19709 77% A
oA 94del| 64%= HojmHt) 7| 7Y UEUE A AALET A-bEA gE 7|dTte] FEdTRy
thetale] FEAF o oj#go] Atk HuE e 9Jrh Linda R Cohen and Roger G. Noll,
“Privatizing Public Research,” Scientific American 271 (Sep. 1994), 72-77.

sl Ao YEHAE te oA & B 4 uh 19924 o]xEQ] G VM E E43F 54
S 93 A= Natured] 23E =12 35719 MR thE VHA ATt 14199 AE AR star
Adslon, FHFS Yo 7] BRCAL FARkl qﬁ RO NIH, Hpo] Q#lx) 3|4}, GEF wt)AAE e Al
& EARSY ~9de] gl ERAAET HlE, FIUgte] F gkl 2799 AAES AAR 3§}
I Ak Powell and Owen-Smith, “Universities and the Market,” on p. 266.
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