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1) Thomas S. Kuhn, The Structure of Scientific Revolutions (Chicago: The University of Chicago
Press, 1962). ¢ 8} AMdol tigh 7P £ 7§22 Paul Hoyningen-Huene,
Reconstructing Scientific Revolutions: Thomas S. Kuhn's Philosophy of Science (Chicago: University of
Chicago Press, 1993)°]t}. Zoll t3l B HE FL olsidl= o E2°] Pt Aristides
Baltas, Kostas Gavroglu, and Vassiliki Kindi, “A Discussion with Thomas S. Kuhn: A
Physicist Who Became a Historian for Philosophical Purposes,” Neusis 6 (1997), pp. 145-200.
o] QIE}H+= Kuhn, The Road since ‘Structure’: Philosophical Essays, 1970-1993 ed. by James
Conant and John Haugeland (Chicago: University of Chicago Press, 2000), pp. 255-323¢]
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2 29 Ay JidE0] BEstH, &9 Also] HAl HAte}
o] et AESo|Y 48 Fole A8 e, 7o &
o tigh Aol A& Ferha Hlasith2) fstE o] 2, 9]
o] Eld ol o]dl =AS T3l vehd wishk= siEuiqlel tigk &9
o] ¥ WAL B AusHth= otk &2 THsEH e 72,9 2
< WHA et B2 ou|e] HEEok s H(disciplinary matrix) 7 5
o) e] H#|(exemplan) = TESIHA, o] F A9 AL Tt A7
ghe g0l FAYE EHsHAl AxIh o|&3 ] FAlol BT Al

AWNAE B sk B 9w sjeriidel dEEor P43 2,
Hele 2 29 A 1% «l H)gith ool A Erh= «lul% He7F #A 9
Hciedo] s AskA] ek EA(Ze] ¥M=anomalyeletal B )& ZH
s ) AstaA JJrULX]f—Oﬂﬂl THE wek A EAE -o‘Tqu”‘ ou]e]t},
old A9 WAL s AskA| X3 A9 vl W] IFo| HE] A
%3 Zlo] B AEE T Alolole FoETFsAdo] EATE Sl
9] ajAe]rt3)

Hytigle] A= ATt e Zo R FHHoR nE (FE
+ AstelRE Uehbe @744<171 #8he] ko) tigh APAI] AP-E A
715 HAolA F& dl& Atz WA Wtz e o] e e d
o 8a TSR] Fx; 2 o] %o dg, ASFEl dF "Jl'ﬁ_r—.}
ol IS T s Folle deoluy ARSlHgto] Fo] A&
f—%«l A H2=g R Jehdtha $ARE ARSe] ysith 1
F F-2 ol T tiFE FoJshA]l ¥t AR 9] o
B Agjd st} ARE7L s g ]l S Adstal 9] 7“13 flo] o] A
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(2005), 139-175&%= =,

2) Imre Lakatos & Alan Musgrave eds., Criticism and the Growth of Knowledge (Cambridge:
Cambridge University Press, 1970). [Z312] #, FZ9] FA1E: v& t)-g, (o18#
it E3H, 1997)]

3) Thomas S. Kuhn, “Postscript-1969,” in The Structure of Scientific Revolutions 2nd ed. (Chicago:
University of Chicago Press, 1970), pp. 174-210; “Reflections on My Critics,” in Lakatos and
Musgrave, eds., Criticism and the Growth of Knowledge, pp. 231-278.
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gholl &4 o Rz, wheba] WA olar vz A Ql(esoteric) ol wiEol I
oS AEsiAY BAF]A] Geths 2ol 9] AZolithA)

o] 71l thaljA WS o7& 3kA] sk AL o2 d o] wiol
< Zlolth. 71&-& o8t IS8l 97 Q49] Gk oA 54T N ?%k
2 sk Aoy, kA THeE o] Fx; 04 Fo] st #5h
s FEA o E tE Zol7] wEelth 22 A T T38HEH o Fx,
S 19621 ©]F AF7HA] Z]Ee gk AEE olsi= ol dojth
& £, A5 &3 AN sAso] 4P A RT= JAE B3
et} 7o) Aoatgo] @R o 29ty FRFP o, o]y Aazakgol 19
A7) o] Foll A9 Al Aol HAtkar Azt = 7]&o] gk HEA
ojaL AAAQI A 2Ql F8t Foke= At FARE WHEH AFUEE 7
23 Jukal Y 2R 2FEE(Bruno Latour) 22 AT %9l 7}t
71 A= AT A (fact)S THE] Ul A dF-E(artifact)o] <
A3lE = o] FF4(co-construction) BTkl HHA, AR} QFE A}
ole] TEARI Tl oE& UHTEY

IO §9
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2

4) 28 dedeAt 2z 7PE(Stanley Cavel) 2H-E 2 F3ES 1k, o] & 38l o)

T2y ARelA B8l Stk &3 7PEe] FAIE Vasso Kindi, “Novelty and Revolution
in Art and Science: The Connection between Kuhn and Cavell,” Perspectives on Science 18
(2010), pp. 284-310 F=x 3 o= gt & ok oA 9] B2 Caroline A.
Jones, “The Modernist Paradigm: The Artworld and Thomas Kuhn,” Critical Inquiry 26
(2000), pp. 488-528¢°] Ut} F2 19601 FHkol| Feta} of&e] Wrdo] H|SEiTh= o
A7} E. M. Hafnere] 3-8 wiakel |} Qlth E. M. Hafner, “The New Reality in Art
and Science,” Comparative Studies in Society and History 11 (1969), pp. 358-97; Kuhn,
“Comment,” Comparative Studies in Society and History 11 (1969) pp. 403-412. H3kA A€
(Gutting)& 3t} THE ZofF Abolo] frAe] tiR-E IHtde %‘% Adjol&
(super theory) o2 T<=31A 343t Blszgk A 01%01 53 o2 Eof Bl &
Agcta Az el vEdAga 8tk Garry Gutting ed., Paradlgms and
Revolutions: Appraisals and Applications of Thomas Kuhn's Philosophy of Science (Notre Dame:
University of Notre Dame Press, 1980).

5) 8t 7)&e] FAC thet /A ZE Sungook Hong, “Historiographical Layers in the
Relationship between Science and Technology,” History and Technology 15 (1999), pp. 289-311
< Fx AxYoiHe i3k == Walter Vincenti, What Engineers Know and How They
Know It: Analytical Studies from Aeronautical History (Baltimore: The Johns Hopkins University
Press, 1990)2, H%E29] technosciences} fact-artifacte] $13-S Bruno Latour and Steve
Woolgar, Laboratory Life: The Construction of Scientific Facts (Princeton: Princeton University
Press, 1979); Latour, Science in Action (Cambridge, MA: Harvard University Press, 1987); We
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oHF = Sol HlFo] B ul, H3p} 71&S AASA PRI 7%
el Ao AL 71golx Gt Fol Ye HBHoR AB7tY
Bavt gk o EEE HSIARY Pz oA Fo] AT F8 A

TE7E 71Ee] Agol= viss A8E vl Ui 2AlE 246
B, o]F Ef 71ed BHS F Ao oldld F e e e BAIRE

ATES HlasiA E4ske Ae o= HojHit olF & A 24
ANxe Fo] 7lEd thalA] oH =ol& Jerte AR 33 98t
o] Tz gt 7leAsAEe 27] t8-& Its] JiEsta, 442

< RHE jhoba 7]eo JAE E4F sEY dTE E48HIT o]
4@01]/‘1% o TS He rle] dEwor 34E Ndos wolEll
A o] F& r]e] W= wolE]l SAEs o] =9shA,
o] Bdo] 7)eAht 71&eAkslst 22 7]<8Technology Studies) -oF2]
Ferele] HA Xes BY Aotk viAY 538 FokETRs A
ol A S 7]E Wt =] Fesae] o) FHske
gk At woke] ATl theliA =T Aoltk. ARlA= EEY
of ZAsNA Fo Edo] 7|&e] WtE AET 5 v Wl A
& Aol

g mi

e
o 1o 1 rlo

2. 71=0f gt 22| TS

1940t 2ol sPHE gt T4 AP A E(James Conant)e] 3}
AL A5 Tk ISR ASALE FHalr] AZE ol Taste o
72,5 T w7kA] F9 7] A5 S Hshs A9 HH-S

HeHcontext) <roll AAAIZ]AL olsfistE= A= o] Wetell= #3HAR1
MAE AAARE AFGH o)1 FuAR] Wets Q1A AA]o] 7|&Al W
g5 Utk F9 27| 97 F shbe TR AR Al 7FE 5 (Sadi
Carnot)®] Hstol| that Aol &2 7H2e| dHsto] shzolA ¥
o171 Zlo] ope} BA| F71713-E olfslE e AR &ollA v S A

Have Never Been Modern (Cambridge, MA: Harvard University Press, 1993); Pandora’s Hope:
Essays on the Reality of Science Studies (Cambridge, MA: Harvard University Press, 1999)5 *h=
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59 A FAA Oe 720 49 tideE At F8HEE F
717130l tigt EH-& oflA, o] E ARkl FA| i 2AZE AAFTh
J8ARE F9] oldg AFE 27t 71E I AA BAde] A7) wiZoelet
7|Bth= A8hs Wt o g ola|d ¢ S-S HolEve 4 st aE
Zo|tk. 7h2x9] F7171Hel i djAL Fo] EHE BY9 38 1
P YA Hol|A BAEtaL ofsfigk Ao, IHEYFAE FA AFE
ZET0 ] APFH wel &ojlA] ot ATtet thEA] ek Zlo|}The)
Fastg o] 72,005 71A7]dA 71&oly Fetol| et 11dst A5
o] SRS £ 7|€0] F 7HA T WA o2 Hsle] Mg EelEThal
AFsh=t), d71dle A 71Ed S8 2 97 Aso] 7 U FolA
HhASE 2ko- W 2 (anomaly)S 9171 (crisis)2] A3o.Z SistAY, 7<) o)
gjtielo] WMale= Al7]ol MEE thete] 7FsAS gfshe Zlo] Utk =&
#rfo] @ 20) ZZE AANA FHE 22 277 G sfHolghs B
o] 717 aot BrEEHA HEAE AtoldA & A AYR Gl
AL AR dlojn, 727} F717]#o] dolE AMEE 7Hs8E )83l
A YehE HAAZ] AL T2k Atglelth 7 MARE AdHste] A9
=7] o]x 2] Hafj Y (pre-paradigm) Al71el 71&o] #shs Qg AR S]
& EokeEthe Zlolth Htiile] A E7] ojddlls HstellA] Ik o
2 I A9 tPdo] Hs AM Yo E ok, 2 AZ, okgE 2] 7]
=9 oA Lz AHER FHto FHELsHA FdETE Aotk
olg] =& & AR FlA HA3tH 7]&o] vlg- thE SEUS &
Al & & Atk 71Ee HEF R EAetH, 9F QAR Ao FFES

6) Thomas S. Kuhn, “Carnot’s Version of ‘Carnot’s Cycle’,” American Journal of Physics 23
(1955), pp. 91-95; “La Mer's Version of Carnot's Cycle,” American Journal of Physics 23
(1955), pp. 387-389; “Engineering Precedent for the Work of Sadi Carnot,” Archives
Internationales d'Histoire des Sciences 13 (1960), pp. 251-255; “Sadi Carnot and the Cagnard
Engine,” Isis 52 (1961), pp. 367-374. EY¥} I 2F2= Z}2} “Robert Boyle and
Structural Chemistry in the Seventeenth Century,” Isis 43 (1952), pp. 12-36<} The Copernican
Revolution: Planetary Astronomy in the Development of Western Thought (Cambridge, MA: Harvard
University Press, 1957)2 2 7.

7) Thomas S. Kuhn, The Structure of Scientific Revolutions (Chicago: University of Chicago Press,
1970), p. x, p. 15. £ =2lAE 29 o] &3tk 2382 F7](“Postscript-19697) 5 A<
stale 193 FYsith
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v %)7] ggolck, ek ohiet shetelo] WEoixA Hgtste] WAtaty]
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%o F3fol GHL A= A9E A gloldith Folue et 29
N&e A FF 92 4T oA FEd

FF @ 250] AT R 2L ol 14 A FRahd 1
F ARAY, T HolE AERORZ WFAUT FAE (T EAolf
RN e 4@% 7%, Mok ge) nE AR 8
EA9] A7, AR BBe] Y, AT WE/1B] FH S F 5] Wt
Ve H22 588 A% 03&5401 PEt)

Hﬂ

l‘H

& Aol Fol} /)% vl%F A0 Wi vl &AHo] T 914
21 o f7} itk SHARITh 4 AR OR EUgsA At 7]
Sartye] A wl§ 2RI AXo] Ao] o] ok Hlgit, o] o] E
o) AL} Rolal el ohsfu= A 16g 27 slolslon, A4
Aoz ofE@)zAe] 7|%e Hop ) 2T 20 BFHAH 2
oftk. IR 2ol o5 o] 9 oAl BWA HAHE H3}H 7% B

A RS o)FE Roehs 2] o %HH Asiee T e

_‘|

O

A A a8 242 0392, S e el A
A 2] W] o] Feo| Folg PHsk= Zo] HHS Y&

o Fof FAolth, F& WY =, 04 Hoto] FHHel Hn
SR A7 1S A5 QA HRgEE, YRE dda F1&e
Aoz ARFTL AAYE AN Btk Hehy 2 Ale] BE
sghol] olatel B o WAshe Wol) FAH O WA 7)%L

He HsaA e Aol

e T A o [
2
r

f
o8 4r ot rr

8) Kuhn, Structure, p. 19.

9) Kuhn, Structure, pp. 160-161. Thomas S. Kuhn, “Comment on Technological vs. Scientific
Acceleration,” Comparative Studies in Society and History 11 (1969), pp. 426-430. ¥}&k2] zl1
of gk &9 Aztel| A RS =97t Atk tEAY ZACE= Larry Laudan,
Progress and Its Problems: Toward a Theory of Scientific Growth (London: Routledge and Kegan
Paul, 1977)8, T =22+ Alexander Bird, “What Is Scientific Progress?,” Nols 41
(2007), pp. 64-89 H=
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Fo] 7)ol FRANR Ao, GA FEABAE 2o F9jetel e
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AA0} ArjHole, HFA 7)eAtE ATeE @ W] S-S 1958
ol mj=ahspAfetale] B4 se1AQ) Isise] BT 2ES AL Rl T
sAetaE wEaA S SEel SEE REAUTI o|SL B3
s)2le] 58 Sel UrhaA Z1%Ake] A identity) & 517 8 e
s, sheAel Goelq T wee F2 sl ek ogA] ThEx)
T3 71eA) B} ofgl BEAE Swee v AFHT, v

10) Thomas S. Kuhn, “Preface,” in The Essential Tension: Selected Studies in Scientific Tradition and
Change (Chicago: University of Chicago Press, 1977), pp. ix-xxiii; “Mathematical versus
Experimental Traditions in the Development of Physical Science,” Journal of Interdisciplinary
History 7 (1976), pp. 1-31; Black Body Theory and the Quantum Discontinuity 1894-1912
(Chicago: University of Chicago Press, 1978). o] #ej tjgt v]azQl 2]H+= Trevor J.
Pinch, “Paradigm Lost? A Review Symposium,” (essay review of Kuhn’s Black Body Theory)
Isis 70 (1979), pp. 437-440& Z=x

11) Bruce E. Seely, “SHOT, the History of Technology, and Engineering Education,” Technology
and Culture 36 (1995), 739-772; John Staudenmaier, Technology's Storytellers: Reweaving the
Human Fabric (Cambridge, MA: MIT Press, 1985).
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2~ FrZ(Thomas P. Hughes)= ® 3 =(Thomas Telford) Z-& dIx|Ljoi7} 2lu)
g HA3t oflEt AEE 7lE A2ES 87 AZED UE(system
builder)2kar AHs] Tt o) sfidjol] ofspd ek A|2H] WE7L Bad
o o]&dhe, 71E WHE AT shte] A(resource)ol] EFITE E THE
718k ol E(Edward Layton)> 7]&o] 38t ofgA] THEZHE A
A AHE B =580 e 71ee] AAE 2 AE Aol Aol
ot} P A0 7 FARBIAIT 71&] R} 717} Asta= At
FASAA, B3 71&0] AAZ “ALol HZ 5o (mirror-image twin)
gl gEzF o2 BHFThY)

oltl HejolA ZIeAS AL Fo st Fx2,00 Aol QI
AL =9A 4t 'HstE ] 72,5 H8he] Al tig =99, o=
#5719 X}Ol% 7Az3Pd JA Z1EARIAEdAlE 7]el gt 3o

£ 79 71 = fle Aold7] wiEolth. Technology and Cultures= 2] T8}
o] 1=z, 5_4(1962 AHE Az O}Akgu% 1960dTHE FE] &7]
AY =7 Zo] o} Tidtame] 12,2 AF3 =Re Ziado| B}
ok A8t} 7]eAt B Balo] Bl Eﬂ 4 & &2} ze}o]2(Derek
de Solla Price)i= 70| o]&3h= #3to] “Hh o] ofeh= & =3 &
A, e A A3 A 2o] 7w AR 8E= A7t vl EET
= A& Axs -‘H?‘fﬁ Ol‘jﬂ A 7o A vlfElon, g A
of b= & w4 WstE AWste Tk &8 A7t J83ThY

12) BAl 71sARIAES] v V)& 3-83stolth = HAld] HFHIUTE o]l thsirle
Mario Bunge, “Technology as Applied Science,” Technology and Culture 7 (1966), pp. 329-347 3+
Z 729 Alz®l 29 sEe “The Electrification of America: The System Builders,”
Technology and Culture 20 (1979), pp. 124-161°14 -2 S 27| AtallA] 1 L8
glolE 4= 9lr}, Fr=9] 27] A= Thomas Hughes, "Introduction,” in Selections from Lives of
the Engineers by S. Smiles (Cambridge, MA: MIT Press, 1966), pp. 1-29; “Technological
Momentum in History: Hydrogenation in Germany 1898-1933,” Past & Present 44 (1969), pp.
106-132; Elmer Sperry: Inventor and Engineer (Baltimore: Johns Hopkins University Press, 1971)
. #o|E2 Edward T. Layton, “Mirror-lmage Twins: The Communities of Science and
Technology in 19th-Century America,” Technology and Culture 12 (1971), pp. 562-580;
“Technology as Knowledge,” Technology and Culture 15 (1974), pp. 31-41<= & #.

13) Derek J. de Solla Price, “Is Technology Historically Independent of Science? A Study in
Statistical Historiography,” Technology and Culture 6 (1965), pp. 553-568; H. Skolimowski,
“The Structure of Thinking in Technology,” Technology and Culture 7 (1966), pp. 371-383.
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1960t T FEH TSARIAES 7se] WS Ao AT
JE BES vrEY] ARt ZeAAl F2e )E 2 (technological
momentum) A5 Fof] 7|& A28l APde] 4 8471 E JidS =484 7]
=0] WS A, ol Ane Fo ol His|A 7le o] B
ol& %—5—3& EAES O & AWste AAE Btk fi=2E o 5%
o] ‘% —”F‘%‘M A Eﬂﬂw él 7]5@@301] °)E OW &t thal

[‘

Eid e ]/\Eélol 7}1— —“/H—E Eﬁ—t‘ﬂ 71& A ='E mEA] Aok 22
o] B3 HAste] AlolES Hho, TE A28 BT A =
3H, 3 UglolA] 2 Ul o)A 57| % k= Aot 71& A 2=Ee sid
70| Al B HESIE RMEE Vsl &4, 5 55 =
=40 A9 AR o= o= ol T UM Z Alssid 7leol
OE uUdellA 2 25skA] &AM 55 F AEE o e 23FR] ol&
oIATHY) FAJol] 7]we] A AT8Hd A Ve A2E ol wiY
of E51oH, o] o]g°] THE of¥l o]8HY &9 e ¢ & dusl =t
I A oA A HSIALSHAIS} Z]@ASHA ] A, J’]'fﬂ“']' 71e9] <l
22 2084, 71e Al2E de 5 T sl B Fo THsiEgel 7
Z; 0 FE3 Iils 71eR] ZIeAEAp L /IIths Ao) o= 7‘35% olsi<

T AT

ft

4, 7= mHCt O|Ee| ST} =it

10709th7h S o] JFo] AAN T &I 2ol the o)t
woll WA Fhh AEAA AFWA, Fo 10700] ZTE T3
Hel P2 AR AL AABE EPIAC WS oole) HELe)
W@} oluck DA Wt A elle] F b o FEska, AAle]

14) Hughes, “Technological Momentum in History”; Networks of Power: Electrification in Western
Society, 1880-1930 (Johns Hopkins U. Press, 1983). Z|EAlolA F=9 FFH
Staudenmaier, Technology’s Storytellers, pp. 69-82; Michael Thad Allen and Gabrielle Hecht
eds., Technologies of Power: Essays in Honor of Thomas Parke Hughes and Agatha Chipley Hughes
(Cambridge, MA: MIT Press, 2001)°l A& o2 oAo]ol|A E1E 4= Tk
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A FHE T8t AR g S $ARE EHE] dok Fol o]
2A o] Mde £ & dHlolle vl 2~ElvHMargaret Masterman) 2+
& HAp} TRt o] 32,0 S48k etk 7idol 2171 9] th&
WA 02 AME T AFSAA, TA] Bk wf o HHTde 1) °
wolu AAIR & Edete W2 o9 Foldetd sfetsl, 2) #HekAt
ALBlol| oJsliA] 5T gk Ao R BFriEe ARIEHA s, 3) HiA
Y, &7, 234 T FL 9r = o ® Fednta AHG
o7k ARTh o] HWEIZ A2 oo wEH, Hile Mok
(pre-paradigm) A1715 F48kaL AAASEY A71E o= GO, HA
=do] HAW FAES 4T Fi NEstHA AlEA EojoF & ErEE
HAES B 54e AYs Atk HE2A9 sfHns] /g =
I} 7P B3 Zlolw, A3 aEhe o] ¢ -401"} ‘j‘%ﬂ ZABNA o] mE9
TAA s8s 254 3 Wie &5 T AUTELY)

TH RS AMES o HHEAY Uﬂﬁiﬂr"‘ol 7P“ A Aol Hst
ALBIEol A 7 EHSHAl 1A E A, HERAbel A T AL E o,
HATL 7 F HAJvhe Aotk oA7|ddA = o] FAE BFEAE &
2|9h18) o]l dgo] Z|EAtllA o] FEFo] mndd AR o)
SA @tk A E AR QIAEA] K3k Fio] 7]&Atll 4] 2713
H7M71E Zdslr] 9E7] wEelth 19709 o] %ol eAE 233

71&8} wofe] P AL 9] etk MdS WolEd A olF ¥E
=, ol tiFES Fo vl HEEd 84 o e on = djef
stal AT 71EeAke] AR Fo s g At JJr?‘”‘q o] &,
A, 7H, Fodshd T, U S8 BT XS AAT v Zo=

i

12

15) Margaret Masterman, “The Nature of a Paradigm,” in Criticism and the Growth of Knowledge,
pp. 59-89. ZtF 3¢ Yo} e o] EHE FE orlolAe] Bl 3 Heka; ko]
oA F-hrel AR Aslshared social practice)] Ad o2 olsd 5= gltk o]& o3
E=+ Thomas Nickles, “Normal Science: From Logic to Case-Based and Model-Based
Reasoning,” in Nickles ed., Thomas Kuhn (Cambridge: Cambridge University Press, 2003), pp.
142-177 =,

16) A= H37|EHSTS)0] 2710 &5 783 S T4, “Hetdo=2A Y &
(FsbAels] 71z A, 2012'd 7€ 5%, F-F)lA 7& o} | =] 3 u} Stk 3t
AR} #-& Nathan Reingold, “Through Paradigm-Land to a Normal History of Science,”
Social Studies of Science 10 (1980), pp. 475-496% £ A,
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vetstar, oloh tlgshs 7le HHtdS Aelsks 2=, olFA =
Y ol g2 ofrle] Zle dHus)e 7le AlzEls vt 2o H9ith
g o) W NS 7ed] 99 R e, I SrEe

o Bt Z1EAd Z]eAE] st of At §&F2 PRI Hdle
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1) @2 2oj9| 71& izt

1970'dche} 19801t Zwtel] Zo] e 7le2 ST A
A7} 71 EA8HAE Z28HE(Edward Constant)] 7] 321 th](technological
paradigm), 71&AHE]SkA} Hlo]#(Wiebe Bijker)el 71< Z#] % (technological
frame), 12]3L 7174 AEA}F =A](Giovanni Dosi)e] 7| dj2ithd 7d ol

71 F2gEE 197390 S3E =2l 71E gevglelzhs
M-S AT I 19309 F=ollA] vls)7]|2] EEAEQIZI0] Aits]
A ‘E|BA|E & (Turbojet Revolution) S A7-31H ol T2z n]g)7]ol
A HEAE nlgi7|2e] A l Hgto] Mzt 5 91717} fle dE
NA o] FojHth= Abdel] FEFT WA o g 7|Eo] WslE A9ty
Ao o] ol ofatd, shte] ZeollA TE TeR Mot dojule o]
= ARl A7 71557 ZA7F BAAE] ol Atk XA EE o I
o] Aol tidk =ol& EslA o] 42 sty o, o5 ffsl

71& e thqlS “aA] AAG #HAgo] ofet, 3} sjETIAE el o]
T, A3, A, W, 7178 283 d9e] 7es olsshe ovﬂ =4
3l WiAn S w i ISkeh= A o2 Aot o] Qe [7]€x4] A |
Rom, Ves FPshE i FEAl ol BoH & ﬂéﬁ?l Al

A" A1)

71& s thdel tigt oleldt Aoje 9 W2 vl Hetkd del
t-8-et= Zolqith. ZAREE 33} s tiql o] Hgto] T Re AeiatE
| oJeiA FF dolvh= AAH, 71e9 A9l 7= gHo] Ve &5
A A= AU Hh= FaRe] ARE, 53] 7e dEule |

2
Lo

17) Edward W. Constant, “A Model for Technological Change Applied to the Turbojet
Revolution,” Technology and Culture 14 (1973), 553-572, <1-8-& p. 554.
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oA g HAHA dAQ & WHo] 7kAE Hg e A8l tisiA &
A AT 7 A o] AR S o3 dojd 7hsAlo] Antal A
A3k st ekl 7le fEu]lS old FEe 7HAAL AAAITH
T 7HA Aol = AATh A A zto]e WA-9)7]19} #EH Ao, &
o] #stere 7|E gHtiqlel Wzo] A7) 9)7]7F WA SAA WP ==
T Z2BEE 7| Qe Afole o] M o] AA| WFo] opd 7
H 2 (presumptive anomaly)oleta FA3IcE 49 WAL A a3
< o] A& e A9 mlgel o]y EAI7F A2 Zloltk =
FEE W W0, o] HEAE W& Iy Z2dy sfriqlel
AAQl Moy 91717} fllthe AR S AW o Utk F HA xfo]
A ] FFoluth. Hete] Fgoll= B ete] whdo) 9Fl 84 F
FaFo] mmPAT 7|E2] Aol BAH 8450 g Ao w
Ndstetl, E28E oshd sfz{thele] Wst Al7]dl 74 &l
71€ FEAE stodm AEE S AeeAY ARee das
st 3AE MEE deitele "shs AlR(timing)S 2785 A
t}.18)

1980dth Zoll JA| 7]EAste] AT S Bt 2EErto]o|(John
Staudenmaier Jr.)= S2EEQ] 7|& glEithd Jdo] 7]&o] EAAHoZ 9l
AH SEPe AzFor, 71& wre] Al MA(S o)) 4
s AuiA o] 71s FsAlol osiA FfE ATdtt
+ e 28 Y7t oo BriY 18R F28ES] e i)
HulolA =93 FHH MR I 2 AAdo] 7]so] GAA dukF o

N,

AQ fr m> ot o it

N
rgL ﬁi r°1'
Fo o%

o md
3@ ox rlo

I

ot
o
ot
o of
o O
T
J‘J

18) Constant, “A Model for Technological Change Applied to the Turbojet Revolution.” &2
SEE 7eAEY E5A7 A8 E5Al BlaiA B YA o)A o] A o]t B}
3tal Itk Edward W. Constant, “Communities and Hierarchies: Structure in the Practice
of Science and Technology,” in Rachel Laudan eds., The Nature of Technological Knowledge: Are
Models of Scientific Change Relevant? (Dordrecht: D. Reidel, 1984), pp. 27-43. W23} #&s)
Al 71e 32ad Atole 9719 s A etk 71E 2t fe
ANZE sftido] =UEHA F sty Atele] 25l ofsfiA A7l Zlellen,
ol SuoA 97l 2L Hthdo] T8 He dolAY dxrt oke} 1
AR, FEEEE Yol Ao A5 o= sgsiA EB3Th Edward W.
Constant II, The Origins of the Turbojet Revolution (Baltimore: Johns Hopkins University Press,
1980).
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Uehbes @42 ofllltk 7s Bde 7154 Aol SsiA e dojuta,
Zl& A"l o] WEFdeY vl F(unbalance)S sk AA AT
e, 7s ko] AAS FElAE, 183 AR HE VsEY T
FAAE dojupr] wiwe|tk FAE WAL gl 7|e H3E ¥
B 88l ol 3 7HAY = AR AR ofllth BEAE A
of thet ZATES F4o] Uil s, Tt HoE Aldlle IEHAQl ALl
7|k w9 53 Aol 7PAd Zolth FolRY FARES] #
A E EePA|RE Hato| A o] sjE il 7)ol A ] sjETiq] Atolo
T ARG TEAQ Aolo]l ¥ FrHF, ZsAEAE e
8ol oldX) Zo] & HTidelgte Nde ARESIA 7] ¥skE
Adafjol & o E 7R IS Aotk

Hlo] Fgto] E(bakelite) 2] '#8 A& EA8HHA, ZlsAStAto| A} 7]E A
3J5ta1?l vtol7(Bijker)v= A Hrto] A&sh= o] &, h&A|, 35H4 w3,
AAL A}l Bg 507 o]|FolA g 7% _E%]O‘(technologlcal frame) 713
< =4 vlolAY s =z 7Hk§% %«l ok P 7H““ < 7s

-
ol AP Y

= 7‘<
ARl Solghd, Ve = 1%‘% }ﬁlx—i/%é& J‘{LLEE E/‘lOﬂ ERTh=
EE

& 71% ZeYel ZASE AEA TF & o, @ 1A ofel =
Ao £ = ATk HolA oI5k o] A Holut Ze|e] F
Fo] F|2E /1% WAE HET & AUk HelAT} /1% serielelet

19) Staudenmaier, Technology’s Storytellers, pp. 64-65. 7]&2] el tIdh =2]5L David
Wojick, “The Structure of Technological Revolutions,” in George Bugliarello and Dean
Doner eds., The History and Philosophy of Technology (University of Illinois Press, 1979) pp.
238-247; Peter Weingart, “The Structure of Technological Change: Reflections on a
Sociological Analysis of Technology,” in Rachel Laudan ed., The Nature of Technological
Knowledge. Are Models of Scientific Change Relevant? (Holland: D. Reidel, 1984), pp. 115-42;
Thomas J. Misa, “Theories of Technological Change: Parameters and Purposes,” Science,
Technology & Human Valugs 17 (1992), pp. 3-129149] =o&8 3=z,
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Ede ALgEA @ 71e Zaelold Ad e A Hlol: 7% T
Tjel do] oldl Aols TBAE 0w Gohjx] T A7 HEoE
H et} 20)

Fo| WEHOF WY ulSFUAE TS 7% ZeQ Ahde] EAL ol

Zlo] W& ofm| o] gHqtiq] Jidel ZANTH= Hloll A= Aol okl o)A
H ARl o]d-s Zh=rPt BEH TR slolth uielAYL F53F
v AL 3 7)E Ze o] PH o R o8 A&EE Flo] nhx]| Adelo]
HgA o g WHsh= A FAkeH, g 7e Zdo] bE 7le ZH Qe
=2 A% etk Holet FARsth= ZAoled, ol S A
28] Apolo] AT &gt AlxEle] AAE xR Ve AlLH o222
25 Adol 7bksdt Aoljlth AAl s AREA /4 E(Social
Construction of Technology, SCOT) 22 AR FAFE F40] Yot o] F
9] 7l&& 4ds] JHAY vk AE AT velAE Ve 2H Y
I 719 ARBIA FHES AY S FAEE, o] F /A HHE
o 71&9] ASIA &0l X o E FF¥ES A= HE Ve
A Hde] FFHo] A4 BUSE HoFETh2y

7l dEu] S TR E OE Foke 138 AAStl A sy g
FAAT Zokith EAIE AlgdETY JAsEAISHS WA dER.
Nelson)=} E|(S. Winter) & Alsd =), W& 98 54 W3k s U3
k= 71&S AA3 7] @3 (technological regime)e] X312 148 B3]
A AsPAA A o5 7| WMol V& S A% T8

[ o} o

20) Wiebe E. Bijker, “The Social Construction of Bakelite: Toward a Theory of Invention,” in
Wiebe E. Bijker, Thomas P. Hughes, and Trevor Pinch eds., The Social Construction of
Technological Systems (Cambridge, MA: MIT Press, 1987), pp. 159-187.

21) HlolAE o|F Al =& Ao g SR =9 AlF QAE E43k= T o] Jf
g8 983tk Wiebe E. Bijker, Of Bicycles, Bakelites and Bulbs (Cambridge, MA: MIT Press,
1995); E. Aibar and Wiebe E. Bijker, “Constructing a City: The Cerda Plan for the
Extension of Barcelona,” Science, Technology & Human Valugs 22 (1997), pp. 3-30. HFo|A ©]
9)9 7lesAEe] 71e ZEl Y ASHoE ALF Aldle &0l EAIRIGE 1 %
37| Robert G. Arns, “The High-Vacuum X-Ray Tube: Technological Change in Social
Context,” Technology and Culture 38 (1997), pp. 852-890%1tl], &i7]oA k=(Ams)E 71&
o] QXA FHF AFEH FHE Al ORI, & Ve FTE HAE BXH, A
3, A 24ES aEshs Hl oA 71E ZEYgel Adel 7P At Bt
s o]5 A-83tkaL Qlrh
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trajectories) o2t HWHIATE ~AY BHE o] sk WIFOE V&9 7R
7y AAE £O02 HAPTEA] Z2 Q17to] & Y& VAL B o
2 7]&8o] o] Folx & Ao] o]dl AA AA AT 7= A A
2& 2 olglishd o] WEo R y& W TS AL At el
o], o]= 7199 AS AT wi$- F23 ldo] 2 < AUTH22)

SAlE W e Z1EAA Nde F8eA, olF Vs T
of WA A=} AAANFAL F 7IE Aol A 7IE(normal
technology) ©Alel A& o] 7|&AA-2 A54Q1 Flo] HH, 7= At
o] 7|&€¥HS A& ul 7]&HFL BA5H Flo] "Hoks Aol3ith =4
= 71 HHGA S “AdGstelA 28 dejot AEE E23 Ve B
o 2AT AEE 714 A9 sl md sy o g fEA HoF
o, 7|& o] FFEAAE 7IEd 87, 71€3 A dag 3
g7 A, AHEE 244 7es W o R FAshs 7S drtal 3
At Fo §o& HgAd, 71E deude Ve A4 54 7z
A (Q1ZE)oll I o] BAH (heuristics)o] Tlalz EetA it o] WA
AdZsta A5 Ve Tl FEE Yl d4EA 71E EAE F=

9] ‘3" e (solution pattern)©]$1th23) =A12] & FEtidS F

o

S8 oe rlo

& WolEQl A Yoy A O 7FsAdS kA @al ARdlo] jE
o}=2l kAol 2K(lock-in)= o] Wz]= A &2 (exclusion effect)E 5
5] 2 Awsk 4= QIEd], olo wWEw ASo= g8o] B3 7E we

22) Richard R. Nelson and Sidney G. Winter, “In Search of a Useful Theory of Innovation,”
Research Policy 6 (1977), pp. 36-77, 2182 p. 57. o|F o5 7oA 7|9 ‘F
El(routines)o]2H= A3PAAISe] Al JEdS WHAIZTE Nelson and Winter, An
Evolutionary Theory of Economic Change (Cambridge, MA: The Belknap Press of Harvard
University Press, 1982).

23) Giovanni Dosi, “Technological Paradigms and Technological Trajectories: A Suggested
Interpretation of the Determinants and Directions of Technical Change,” Research Policy 11
(1982), pp. 147-162. FHHTFA Y A= p. 15290 U
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tjo] 9wkl 7]«2 ZZ|(technological accumulation)S 7Fs3HAl sttt
ol A7} HH 7 229]E 2|9 (path-dependent) B &8-S B HUglo] A
£ Aot ol 7l& M} 8ol g Alge] Fako] ATAY 4= Q)
= ANARITE24)
A 2 2A 287 71€5(technological revolution)
Mdoz oot} 7|&gme ZevHC. Freeman)3} H|2|=(C. Perez)ll «]
A AZEHJET), o5 T8 7|EY o Fo] 7|&e] FHARE A
= Zlo] ofe}, Aik} 4l FRE XS A A o]tk A& 7JZ
SHAA], 7]’“@33% Ae HHAS 71e-7A 32 thd(techno-economic
paradigm) 0= Egt}25) 7|7 A etk 7)&eTo] oplel, Ak
M| 2o ﬁxi]%%, T 2L TR 55 BT TPk TAHRI A
ol EA9] 7|& Heithde HHE FAHIEAY, Akl AUHA A
A O FAH, 71e-A9-AAY FAE AASA HAth EAE olF F
A Adol =7HA e Z1eA Aol s TR0l E F s, T
NEA 7leo] B AFe A8k ZIsAd 71eAE]s Z1EstaElAl
v ZA g HoIAE a1, TEsAE @& Zo] Ho] MEthe A oltth26)
AF7HA] A EQERo] o] TS e 983 VeAAES
O o7l |2 or|= AT #5ta vRVIAIR T eelk Q&
A2, HE, 7HA), AlAI, A3 5o TFe 8471 23] 9lom, o]H

r

24) o]& ko= o] %< Nathan Rosenberg, “Path-dependent Aspects of Technological Change,”
in Exploring the Black Box: Technology, Economics, and History (New York: Cambridge University
Press, 1994), pp. 9-23; Richard R. Nelson and Sydney Winter, An Evolutionary Theory of
Technical Change (Cambridge, MA: Harvard University Press, 1985) ol ®bdgh Z1Eo]ch

25) C. Freeman, “Technical Innovation in the World Chemical Industry and Changes of
Techno-economic Paradigm,” in C. Freeman and L. Soete eds., New Explorations in the
Economics of Technical Change (London: Pinter Publishers, 1990), pp. 74-91; “Innovation,
Changes of Techno-Economic Paradigm and Biological Analogies in Economics,” Revue
économique 42 (1991), pp. 211-231; C. Perez, “Structural Change and Assimilation of New
Technologies in the Economic and Social Systems,” Futures 15 (1983), pp. 357-375.

26) A& E°l, 7€ dF9 A AFES ANYY d&2 A Ade EAsiA Ir
] & “=7}8 214 Al"(national innovation system) 7= AT Richard R. Nelson,
eds., National Innovation Systems: A Comparative Analysis (New York: Oxford University Press,
1993). I7FEAIAIA S M2 Z1EB AU AN ARBIAEA Sl siFehs Zlo]

Ak o] A& AHS) F4] o] A delA A=



71e ol 7ledw 579

2458 O Ts] Sl W 2drle] dEudel ¥ Hds) 237
oAt 1 sfE S olEAl Aolst i = gE EA7F A
=H, IASS i 222 ]9 7]go] HAstEn A4l o) zolz}
= ARl HIEENT AEAR] ZIe® FAEC] BRI EUEA &
%ol 71ed A afled Al 2 dFe Wk, 7leAse] A
ojgta AZRE YARIE &RAEe] 870l oA HiHl= 97t SIHE
27 o]H3 245S EFANIE oA ZE HHTdt o A
Abole] FE A2 M HRUIL, Apolnte] RAEITE o] GAZE HH 7]& I
A2 7l Eel B /hdA f84de dofHEAl Hd el

2) &2 2ojo|9] HHZMQ| 7|& mH2{CtY

AiE FATE T E W Vs deividolghs &ole 19721 d0] EA
WA 2H thstatol A #Ast-71&2] BA S} 7194 22 FAE d7sid &
2=El(Ron D. Johnston)°ll &34 A28 AREE AT T+ 1960 thell &%
02 AsAE Alolo]l I =4S & G Qo oo Fo i
o) idel maAdo] wlTS Wk, 1970'd0) Fo) Taelsme] 1=, A)
TS WA de2tds F 7R e uE Zojrke AMS dAsaL
AT E2EHL 7|E HevdSs “EF 7]E oA dRtHow r%ﬂ
Ao A= A= AoYsHHA, ool FoldstAel | dEtkel,
249 Fejoiel, HelRo o F2 HIY Fo] 25 2T 1:1})(1:}
O oy Engle] 7lE WskE Axshe & & 22 AAEARL TS,
71 3EAE Tk AHA 7T, TeE #S AAske A
155 FYIThL Bokt) ol HstelAle] ofe] 7HA] s thel S| fH]
£ 2 AR Aol

A o)A olg 744 ofu] FolA Elo] Fasitha 424 s

N

27) Ronald Kline and Trevor Pinch, “Users as Agents of Technological Change: The Social
Construction of the Automobile in the Rural United States,” Technology and Culture 37
(1996), pp. 763-795; H. Mackay et al., “Reconfiguring the User: Using Rapid Application
Development,” Social Studies of Science 30 (2000), pp. 737-757.

28) Ron D. Johnston, “The Internal Structure of Technology,” in P. Halmos ed., The Sociology
of Science, Sociological Review Monograph No. 18 (Keele: University of Keele, 1972), pp. 117-130.
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g2 HE ZA9 gguieloltt. TIe ARl QA AHE OF s 7|
ol Al 204|7] Zofl AZHeE AAfg-ste] “wl B 32Tkl (valve paradigm)©] 20
A7) FgGell “ERALE d2irtd" o2 o][skal, o]Zzio] 19601 dth %_“’Soﬂ
“Z)2) 3] Z(integrated circuit) I HTFY” .2 vl Aol tiefA = ch29)
B jj2ithqls 190490 I E ¥ 25 FEHeles t"fﬂlow
Z10 2 s Msh=d], o] H2ittd A 5ol thEk olal, xa+
Az 7%, S5 tE o]&, AA AT AR o= FAE A
o o]F o] YT T A FALAES WHAAA AU
= AusH she FElo] BHS Tt 19480l ERA 2 A= Al
Hell7l 2dsaA F HA ERA2E d2iud oz Holgrhk= Aol
o 7 A ERA2E ]S EMAXEE s 32 FJAHT F
A3zl Al A sz gdel s tiAlEAT o] FAS =shHA &
28 ZpZte] W7t SN vl AFrlo] o] & WolEdithe S Az
gtk N2 HEES 2 ggd 7129 AA g2kl visiA o] &
Ao gt vFata el o2 x AV Y] Wiel Atk kA o
AR AXA A} 2Tkl o] -84, 84, Aol dFE FlollofF o
o] dAYoE0] o]Ae 483t AFTE Zo] 19 AEo|UTh30)
A ERAZEHE 734 A3 2| o]2& 7e TS et
o IS ARBEA olsliskE Zlo] oW o] vk E2HL ol i
A durH o g TS Aiat] flaiA === AAA, A, 3
2 QASRtoEE oWl Al7] E¢F 7)ol A g B o]ofA &=
F ste] AHE BT o glon, ol (Aol T %0)) etk
< ARBANE Aro] "tk stk 1R AN o] WHES 3
M2 Aol ZisAete]l AujARl REcR SRR #WEhE URE
(contextualist methodology) F=3h= 7 =gt} 3A 7RIS
< 7)ol AAAH ol ofsiA AR A AR EL vldstal w4
AT 54 7o BHES IS SN AR wE Lo 2™t

o r

&

?ﬁ

29) oJ7lellA B = 25 XFFE ofr|dith

30) Johnston, “The Internal Structure of Technology.” ©]2|3+ 71% sj2ittele Fats} 7|&
o] AA A Fe]EL 4= A1t} ol+= Michael Gibbons and Ron D. Johnston,
“The Role of Science in Technological Innovation,” Research Policy 3 (1974), pp. 220-24291|A]
== Qi
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AAANFAE well= o] & WeH o R o] T 4= vkl A om, o]yl
22 HES el ARSSRaL ST of2ldt MiEkE YRl BlFo] &
o, AAA, AHE A, sk @ aSo) 7led] dHe Z AW 4 gl wiE

o 7l& v /EdS =Yt 209 TR 52 el ¥
A g%s Aolgs AL F353l & Utk AR 289 Je du
A2 TlEAtAEe] Q3 e iﬂ%?ﬂ & 7]<AKinternal history of
technology) = 3]#3t= A EA& 7FsAol 553 Aol 3y

T OE TAE FFE7FsEE R Aotk 219 =wo] &%
H 197298 RAA 3 2el= Al HA sfEvede] on] SHAA AlFeldds
o], 3 A s2iud] 38 E -8 AREEIL 1T olF A AR
SAE WoleoA 2R 71E9 Aol st e sEngle] vE
7l devds &3] dAlshe A4S UehtA] oM M= 254 o
E 852 22 AA o7 7e dEude] 85 AREHE BB
ool s A3eh32) T-id IHTH T]sddAe Astel A B e FoE
7FsAdo] EAsHA] et A 4= Stk & H3ke] A% gkl
W3S ARHA gojH o slojHg= 3*7} W71 w2l Akl o] A
g A oIAY FAA MEea & 4 ikl F=t, vk 7]

735 olHEl= 2] glokd 7] e —V—*.?l Ko RS Aerhal
< 7] wiZolth AAE EAES AHER TRl S Vs XK
o 21 F&FS wHTa %‘ﬂb‘h_ A, o= derkel el Wbt 71e %
RHE 7MEsee AVIZ A5t dokes 208 A4S 4= /iokss) o]d A
ol ¢ o]&e] 7k F3148-E thF-E FojHeAl dok

o] e EA e seti]] /HdS 71Ee] FHolA S8 E TE A7 vl

ZIA|(Donald MacKenzie)2] “71<2] Ak3]A 3/dE"(Social Shaping of Technology)
oft}. wiZlA= 198510l o] ARt} A HRTE Ao A Fo] M =A o] If

e

l

F

31) Staudenmaier= 1959'dFE] 19801 d7FA] 21:d<] 73t B2t Technology and Cultureol] 2
e =SS WHES B84 19734 o]Fo ““% Ho”ﬁ(’l OE o] PHEsES
dwzo g wojde 7} Aujz el HoPtg_i = 31 9Jt}. Staudenmaier,
Technology's Storytellers, pp. 12-18. W2 W&o ]OﬂE X]HHE,OIE‘*PVP kA by Eo)
FsaA 1 GEFH o HlFo] dAskAl At

32) Johnston, “The Internal Structure of Technology,” p. 126.

33) Johnston, “The Internal Structure of Technology,” p. 127.
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2] Aol 71| GALE EAehe Tl vl f8akar FAIA mEE A
3 T U2 A, o]Fol| mAKY FHAA|]] Ao 2 Aol o]F
2 &3k 1o W2 HHEA Y “af2itif)e & on|2Ale] Al thig
S S0] o}, 35 A} AAlojAt Ao E TsshE AR
A7) EoI"E SfHlsh= Aol oH, mEtA 7]EelA e d2itle o] &
+ 7139 24, sijie® AHojHirk wjllA7} 53k 21 mArde] Y
FEAAZ 220l g Aol 22T E 7P MITS] Z2~ =7 o|%(Charles
Stark Draper)9} 19| AEHo|Uth o] ©& 1947'd0l| ‘1 AT B8 A
o] 225132 (single-degree-of-freedom integrating gyroscope) & == gi=t),
=] o] ofsh o]Zlo] o]F- o] 2 AF I AR Fjri]l(HH])o] | Aol
o (29 1). ©] HT)E o]F o 7] 83 JEe &l Bk 2dd v
HAAZ BRI, 5 o] Apo| 23 e} XS 71kl XAt S Ao|=
71538 A|(Pendulous Integrating Gyro Accelerometer, PIGA)9} E 2 53 X1z} 7}
SR A|(Pulsed Integrating Pendulous Gyro Accelerometer, PIPA)7} 14402 A
A=A 204171 Aol 2 231320] 7|eH HFo] Ad IS Hxo stk
AE 2EZ A o)RAS o PHSHAl Sl=articulation) WO E o FAIE
aAstele dwe] o] AaE dojzl Aolrk34)

4

TORQUE
ROTOR CENERATOR
GYRO ELEMENT
IMBAL
SIGNAL t“;
GENERATOR
DAMPER

13 1. MITO| &A E=7|0|m(Charles Stark Drapen)Qt 19| SGILEI0| 19471H0]| 7Hest
1R Aol S8 Ato|2AT I, OjZIX|0] 2 0| XIO|2AHA T = O|F X}0O|2
ART o1o| W7} g|RUCk [ZA: MacKenzie, Inventing Accuracy, p. 82.]

34) Donald MacKenzie and Judy Wajcman, “Introductory Essays,” in MacKenzie and
Wajcman eds., The Secial Shaping of Technology (London: Open University Press, 1985), pp.
2-25 < p. 11; Donald MacKenzie, “Missile Accuracy: A Case Study in the Social Processes
of Technological Change,” in Bijker, Hughes, and Pinch, eds., The Social Construction of
Technological Systems, pp. 195-222. wiAIA|= WAL SHEFEEA] o e A5 Ao=
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F )l HEAEAS 7] sETigle], Absle] FEE A3 7]E9
AR A E(shaping)= BHIAIZI o £ 2] Shate] delolld mizl x| =5
B AAE A2 A ofolgiyZsitt. 71w AEA PR (V1= A
A T3 E(construction) = EEl) AAA, AR, XA, oHl 2714, A
317 9a50] 7| e AH FTFE vHA, o)d 97 84E0] 7|9
OARle FAsHs v T8% IS dta Fsh= o)<, HeElEA
o] FHtiqle] ol o2 gt 94 8459 /o] HA ol Ho|7] w)
woltk. 28N 25 o AA|3] AR, o]y ofo]#U= TR Aol
E3}sit). ¥k(Barry Barnes)ot 22 ol EW ] gule] wH= HEEoF 3
o] opd W A Lol A3} 2|2 o) ALEA FAE 7HsAl ke £40] A
Tt A7l o 35) wzlA = A olH S MES Sl AUk wizlA|
+ HEEA Y Feitslo] A (rule)o] oz}t A (resource)oletal 7Fxa}
WA, e A S ARSShE ol ofE] 7HA] Wlo] s 9leH, o
WAe Ashe 2L 71E deus] 5o f4ety ZxEITh HEEA
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O Aastal g Aol 2xFx s dstd o] oY, t719E Atele] 4
% 2 aFo] MY AHRE Aozl ZolUTh3e)
719 AHEA P4 o] Mg F9 HEus] /ide] s AlsdA
g, o] HIsgE Al7]ol SR 71| AKE A RS FdFH A &

B3k, MacKenzie, Inventing Accuracy: A Historical Sociology of Nuclear Missile Guidance
(Cambridge, MA: MIT Press, 2000).

35) Barry Barnes, “Sociological Explanation and Natural Science: A Kuhnian Reappraisal,”
Archive of European Sociology 13 (1972), 373-391; T.S. Kuhn and Scocial Science (New York:
Columbia University Press, 1982). ol €M e = 9] ‘w8l /g HeE s 33
Sh= AHEE Adel B g olgiar Hyked, 1 ol Wl o] ol &
o Qa4 o] FoIAA] 7] ol T Fgol] Hste] vj-go] opd A8}t Q] 2glE0]
FEFE 1A F 7] HEeIdTh Ak “wHuYd e z2A Y] F(F 16 FR)MA oI
=ojglon, olF =Fog LHAI|E Folth

36) MacKenzie and Wajcman, “Introductory Essays,” p. 11; MacKenzie, Inventing Accuracy, p.
79, pp. 167-169, pp. 237-239. 7|& sHTIe] el A 247 YT ol F
ol wRAE e A7 FL A AR Age Hldsia Sl
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_]

37) Trevor J. Pinch and Wiebe E. Bijker, “The Social Construction of Facts and Avrtifacts: Or
How the Sociology of Science and the Sociology of Technology Might Benefit Each Other,”
Social Studies of Science 14 (1984), pp. 399-441. ©] =52 3d H<l 19870l 7]&2] A3
A FAAES AAZOZE AAIG Fof| AT} Pinch and Bijker, “The Social Construction
of Facts and Artifacts: Or How the Sociology of Science and the Sociology of Technology
Might Benefit Each Other,” in The Social Construction of Technological Systems, pp. 17-50. 7=
(Google) Ak5ol| o3t A|F71A] o] =2 32503] U&=t

38) H3t7|&st woko] stAEel Hlsl 71EAk EokollAlE SCOTA tidk Hl 3]9)&0]
ddiFos o gkt ol ol AA el o 3oHQl G Eoke] EA4E HkE
3 Zolt}. Galskat Fol|l A SCOT 5 TAF2lol tigk 3482 7= Phillip Scranton,
“Theory and Narrative in the History of Technology: Comment,” Technology and Culture 32
(1991), pp. 385-393 = ©] FAlo| teiXE £, “AB AT AHE: 7]EA}
oo =S TR T3ey)&dt 7 29 25 (2002), 55-89% % =
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39) B& o] frule Aotk Z|eAle} 7€k g ARYEE A= b 95EA], AE,
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40) Kuhn, Structure, pp. 102-110, pp. 150-152.
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N

Applieation (Market) "A” Application (Market) "B

Time or Enginessing Effort Time or Enginecring Effort

8 2 32|A-E0| £ 7|& miZ{ch Ato[of| YBL| IAETHs S LS| siM =t
S-oM O8S AFo| JZoM T1E AQ| HIEE BE SIS SillM S-FME SEESEM AIY
AE X|EHoE HRFShe 7|0 B8-S LIEH, EZO| S-2M2 MER O |8 SilZ S
AlE Boj| TR EMN SETH MT|E BO| {EE E0iFE JMO|Ct O] & 7|& Afojolle LB
SUE7HSM0| EMTICE A0|| o|FESH= 7|2 B7 MEE siA Al AIFE EAE IHEMLE
HAIE SIMHE)II| Be| 7HsAE QIX|SHA| 23tct =4 Christensen, “Exploring the Limits

of the Technology S-Curve. Part 2,” p. 361.]

41) Clayton M. Christensen, “Exploring the Limits of the Technology S-Curve. Part I
Component Technologies,” Production and Operations Management 4 (1992), pp. 334-357;
“Exploring the Limits of the Technology S-Curve. Part 2: Architectural Technologies,”
Production and Operations Management 4 (1992), pp. 358-366. ©}F7181A4] &41 7d-2 Rebecca
M. Henderson and Kim B. Clark, “Architectural Innovation: The Reconfiguration of Existing
Product Technologies and the Failure of Established Firms,” Administrative Science Quarterly 35
(1990), 9-3091A41 A& AAE Z1& Fe|zElEo] &3tk o] HE& A3 T4l A
A7 A=,
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nPetal BE dHA e 9] ksl 84l Ald-2 2000l 719 EAl

ALs= AGEAS oA 7P Bo] 9131 QleEE AR} B
thes) 2= AFAQ Z1PE0] viE ANEY AFE 7P 9 A A

42) Clayton M. Christensen and Richard S. Rosenbloom, “Explaining the Attacker’s Advantage:
Technological Paradigms, Organizational Dynamics, and the Value Network,” Research Policy
24 (1993), pp. 233-257.

43) Christensen and Rosenbloom, “Explaining the Attacker's Advantage,” pp. 238-242.

44) Z& THGEH O Fx; 29 o|Fo o] FEISHY EAE F o £HHe=E
sdskr] fsl oA 7 ARE Pk o] I FAls B =8 HeE Hold
ok olo tis|Al= H. Sankey, “Kuhn’s Changing Concept of Incommensurability,”
British Journal for the Philosophy of Science 44 (1993), pp. 759-774; Jed Z. Buchwald and
George E. Smith, “Incommensurability and the Discontinuity of Evidence,” Perspectives on
Science 9 (2001), pp. 463-498 =

45) Clayton M. Christensen, The Innovator’s Dilemma (Cambridge, MA: Harvard Business School
Press, 1997); Clayton M. Christensen and M. E. Raynor, The Innovator’s Solution: Creating
and Sustaining Successful Growth (Cambridge, MA: Harvard Business School Press, 2003).
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Technological Paradigms and Technological Revolutions
Thomas S. Kuhn and the History of Technology

HONG Sungook (Seoul National University)

Abstract. This paper discusses and compares scholarly works published in Technology
Studies (such as the history and sociology of technology, technology policy, and innovation
studies), which have adopted and adapted Thomas Kuhn's various ideas on scientific
development that he proposed in his highly influential Structure of Scientific Revolutions
(1962). For this purpose, this paper classifies such works into two categories: those which
interprets Kuhn’s paradigms as a disciplinary matrix, an overarching concept that includes
not only theories and models but also metaphysical principles and worldview; and those
which take the concept of a paradigm as an exemplar, a concept narrower than the
disciplinary matrix. Although such “Kuhnian” works were not so successful in establishing
themselves as a paradigm in Technology Studies, they have yielded many interesting
discussions and insights not only on the historical development and the social
characteristics of technology but also on the innovative behavior of corporations.

Key words. Thomas S. Kuhn, Technological Paradigm, Technological Revolution,
exemplar, social construction of technology, technological frame



