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ge NEFe AALAG s)eNdTty YHT FRRAR U3
A1eNgel] Fod #AAL Holn o} F AF1TH(Paul Krugman)o]
FA59%0) MEZo] MAZFHe] A5HAE E0)7] HiAE 713
a17F ZolBo]okgt 3ty £F Zo(RomenE =F3H5c] A= 7
=27H) F 7R F/79 Aar) ded I dde AEFAe gE
s AAnAsto|th HIZEL 180 AR = /AU A F A
Aol glojA Fhdsta (AEAAD) E I§ Yo AWUFAM 2§
H3 Q& ofeltjoie] tis) I & §7] WEdE 7hdsit (A4
). AnAxE FF ANAA ZL FRAAESLE EUL 4 Aol
£2 713 ANARS F3 o] AT AT M Fa7 AA
At n FAst ok a8l AW EFAol] EAEE 7e
AzE A4 FL ARANE FYo2H FI 57t Utk AALYR
TAE =3 AEZo] AAZE wet 7] Hlxe A4 BAA7} %01%
ojof gthi Rl;“zh Ak HFE LA AT A=Y 4
ARE ZFUE AL 2EY 7|EFAE Fole Zol 7157—%2}3
Zole A& AEAAE Fole AL Yrgdtt

2o 1O B¢ AT eEe B AgEH AT AL

2 Jdz) ¢34 dok mEbA lEMEel oA =] AP T AN
2o 3] dlX| vl (benchmak)7} B & QAT BE0 E3F 44
BARAG M FHe G8L AT AR Tag 7IEFH AHo] 4
Aol YHoEA FQOF 840l AAH ANH AR K] He
A2 AA e gRADAANNE 53] T22d}th

Badaes 32 Addangels 53] FR74dS wE 4%
o7 EAAYAE AAANN Y o T8 ITE 3= AR o
o] B3 Z2E FAAN 71EA S B3 =3lnA ok 71Edd A
AR, 283 e ARy FAE 2Hsty AdTHAg
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olZd tiF AT BA && A £t V|SAHEE ity BFE)
A AR AR S FAF 78717 FEe Yud oz J)ed 4t
deHe] 4#E AAAT a3 Ve R g8 OAEAA A
© UL ¢ F8F Z0E 7|gdh £ d7= o3 544 &
stATh gty Aeol dis dEstn 3 5 §F2 HEPo] g oA
of A== HEE A=A s FFHE EY3lT )T E9
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0. 71&3 7ZAdA

L AAARANA 71€e] 943

AA A 71ET BALZI BAE FHeE AL 2 BAH
T o)A FAd P B A7 o ok Hlu<E(Denison)2 HF
nZAARZ 7F F 84 A JHEE AFEET B2
(Boskin)@} et FAEE AA AR g La7|q%d i FA] 3H
g A7t dutdoz o)y ATAdE Jled BAALER
Lt ol TAF #Ho] JTE AL RYFT Yk E 194 YEUE
o] 71E¢HFE B £ e £ 84 A9 F7ke AAFAME ZA
A7) 71 2 7198 e 8doldith Bagle] Al st F &
A o) AAAA tE 719ge A 30~40d 3 HFL 49%9]
T YR ALE 55%¢ Ao Yehgth =@ A7 oFE rled
g Z7}e] AA LA 71 A AP oLt ZEHEE 22
AZET Y22 AL AAEIES 3l f2E AYE FEFe
2M @ Uty YA g ndAFIth 712 BYdA 426 ol2s
284 dgAA Y ARE v o] HFANA AiadEe] TaF
AN ARE BT I dolth. ABIANME 71e &8 €
Z(Solow) Zrojety Bl AN FAside|t

a8y AEF E3] oA olx7HEdAE 71E AAA tidt 7]
o7} =AAE 7} Hel 9ot vho]E F(Michael Young)d} ZFI17HE &
84 QAo ARG vZ 7| EE oA olx7HESY A 139 &
3t e AAEALE =5 AL 2L deEaasv 71
Foia st =2 ASdl U@ A7 v&d AHE RYEr. 4
B ot oA FaA A ARG tiFt 7de e
olNo}Z 2] HEFRT BYe 11%9] st &k 18y 3=
A A3 AL AL 7)€ AAGA 3 9TE AF3=r
oA YF & Byl Qlth o] fjREe 7e2AL 7|E0] A
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b= e ARAY FU4E T8t A3 H7] WEelth AEA)
T AZA A AE Flee F=ddel VIS FHEA AdwA
< 7FeA e Z19E e 22y £2¢ 39 4R A e A

257k 71€E AdEA et

SMAO Ry L HuMol M o] 4Lz A N E Hal
F0] f7] W& 9571eE 2isty] 4o 48ka Qi a8
1 I50] BAs AAVEd MRS AFNEER ] 9T A
71Es NEste Ao] 7hssta vigasitta stk ozle] AAAAR
o i@ 1€ 7197} F83A A vehte olfolVlE 3t @&
L2590 ZATAZ7IGA N o L& RS2 el olfelr|x
3t} 3=y K7 ofAoERY EuXTt AHF U2 2L HZE g
= Zlo= BRlE:

(Z 1) ZHMZE| ot e47|oize| 2HH|D

(29l: %)
= 7} 7] ¢ AR =5 7l & Z 2 A
B #5E 1948 ~85 24 27 49 4
g 2 1957~85 40 5 55
= 4 1962~85 32 -10 78
-y 1957~85 32 -5 73
TG 1957~85 28 -4 76 #
3 = 1967~93 13.7 46 10.8 70.9

A% Boskin and Lau(1992)
Hong, S. D. and Kim, J. H.(1996)

2. 71e3 A

NeBANE T A Gho] U F s)goldH Aol
OECD ojatel 71&oldold Bt} 71¢o] ANVEL Fote] 4t
He 3o Hosta ok FFelA AALAe 27 GA A= 7]
Foldo] AT/THEY YA o 2 AVL AYT FFVIYEL A



0. 71&3 ZAA2A 11

HAZ7|GAY AFANLEAE FF AAVIeS AT ol M
t}. 27]dE IE80] 71&0A L T3l YIr|ES ZWste Zo| ¢
Atk AHY 71Eo)AL A 403 3 AALA A AL 2A Je
Mare] Fa Fooleh v AFALL UF DA & 98-S
&+ AU

71&olAL 71E2A L A5 FE8 g 1RV AdTE

29 21438 o)gL shed Zstgh 19609 A4EA 27]TA
A 2o AYFxE QRE A, o8, A, Adzd, vk, st 2
& wEFokaei oz FAHL 1970 thole A2} 2A, 27
AR LA, AL 2L Y nRIPLA Aoz 1=3EHUT 1980
dolole =L AFH, EA 7)1dLax, vde 3, Asah A4
£ ZYEY 2L JEAGAEFS AT F71 UK 19908 = &
o] AdFRE o] FASe HDTVY #Z HAAV|£E 1E3 AT
= AATFZE v 1080 .‘z%%‘JQMIH Ao Z, T8 7]
3% A7 7)ol dd ggd T FHOE 1EHT 71
AT

oAl $El= o AYuARAGE F Y FH F FIIYDA
o} AR7|SAATALE Uiro] B £ ok 19700 FHtel] AJREE

Z3tA g A E 7]E0] 7|€0) A S Fote EREUT 1990dd] Fxk
o AFE AR7|EAHNE TFFo] A& FIsL A FH
A9 g} 7]go] ATALER o) FHHLE B Bo] Ny
ATt



M. A A ollA4 77|

I e

ZlgolAdde Al 7HA B27F Joh. & IIAAHFEAE T I,
7l€d3E 59 W, 282 AEA FYE T otk o] A 7t
A B2 99 71ed M&A, AFH AR, 7€YY e ofraA]
(outsourcing) 2 3l A= o]lAHTL).

FdZo e FEEEAH AAERAE FFIHRL FEHIIG L AR
A Yol JEIFFHOERE LY 7)EL AEA F£YS FoHA o)A
HATHE 2). YFRJAAFFAS 7IeB3 e AT o3 #FA71 =
R AHEA Gt FHZol Aok AFAFEAE T3 7]E0]A T 7]
W37} F7187] AR 71e5HY sHCE Y ¢ FLF H
&g 3b7] Al

(E 2) sfiel7|=0|F2] el
(S gk 2)
3 1972-76 1977-81 1982-86 1987-91 1992-96 1997-99
2 HEz} 879.4 720.6 1,767.7 5,635.9 8,399.3 31,364.7
71&38 7} 96.6 451.4 1,184.9 43594 7,317.8 7,486.9
ARA S 8.841 27,978 50,978 120,952 220,211 137,845
AR FF4RI71E0%3, B2 ATHAES

oA AFTHE A2 £ T8 Vel &30 d=4
< 83 FEHAPCIR AW AYTFERE AE3] o|Pst= Zi—%
P ES sl

oA Zleold L AAFd w2d 7|<dS5, T3, Aol A
A Z2E wFth & 2% @izl 19800 2YE A4 ATEHA
<= o AEA ‘?401]”1' oEsA F TEIJAETH 7€E TS
o o AAYAPE Tt AirIes AT 71eclde A gA
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AA, AP T5AA olfo] G vAZNA FHsicty AE
AAFo] HAHE IAE MLERE 4obx] 250 JAE & 3
BE 9 EE T3 s F 233 95 F§71He
2HEH A5¢ FY32 FUY 7o 2RE M 78 e VIeAE
< HEIFEA 3t AAFE s At st AP A2 JP=H
& AYE T3 AAF, Arled Awsted oA W 5&F
olx &Ho|Uct AYEIS AN BAE =3 7|eNTE AAH
o2 FZste 71dstHTh AA @=elA 71 oM} T 5t A
Yol o8 AlFE I FEHUAG. Ty sU) Ade] FEe FA7IHH
O di71de Zlee 588 dsdsty fEs A= BAEE
Edogt. F47|dLe 289 AFFY, 71498 T8 9959
of B wje] AA AAFE /st A 44 deobdt Al 9
etk 5t AL AFAZEL ol F§, 5, 71E€T 2L 844
A= 4

A, 7|9EL Tar]Eo] Rola T £ & AEE FH FHo|o
A o2 RE §535td F3AI7I717 vlad . R4 @A,
A5 FEE EUES 22 35t AFVIeL 9 Aol ¢
3 A 2ol HA F3EHY giRE AFreL 7leddT7 Ul
A 7199 AAANA BA g JoA =7 2L reFre F
7hellAl E£33] 71 AFEHAT. FHHAYL QR0 EA FgxAHRE ¥
HREo] 7l&n 7SI YAFE MLBIES 5718 Foshed 4
A3S SETh AR FE 2L AYRES SAsted £4
= AAYE AYsto o]E AFRE st 7Yl o
7hedt Bx9 A4S AT AMEAd AREEF| #4lo] e 7]
PEL AFAFS NEFo2H o]o] &R gotx 7]e/Md HA
Agd o FHAsch AR dxAdr|edTdd 2 g A7
A9t AAFANATAY 2L FEE A74E Y3 olE 74
S RIHE-EC FiA71E Jot o3 FR =Y
AgkE oY JAD WzEREo] AFNEFEAE F
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Y o9 FiHes A 52 JYF} AEFER V&9 AEE 33
B AFAA 71€5H 719330

2. HR7)1EA S 7]EolA

19909t Fbole) BFAAE IADAAZ Bl AAA 1Y
I 9 B9% 27 RYth 13 o] BIFR0] dEd) HED
Aol 20019 69 WA 22308 Wl ol=2f e Arlolao] <
g 5% JLEAGAE 3711 Yok 2T BE BRI 30%0]
Abo] @A) 71914 PCE T T} 199533E 200097H4] AEule] B
F QR EL 127924 o|AL AABEA 62%¢] T w7k Y= =
Fhgelth. A¥E AT 4300070 2355 ALE ABHR
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(2$): 1000%)
25000 25000
20000 ¥i 20000
15000 15000
10000 / 10000
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M. Adgdapgels 7lemd 13

e 2834, AFAY A4 2519, 7]1e9dE, £FS T8 9=7]
S 9 YEFoZH Ya|&S ALt A2gA 7lso|AdA
L ol d Aa7|&o] Fo] FAHAEY FAle AFYESAZTH
A3 e 7IEAES ALToER JEFY S FRIJUT. o]HT o
& ¢} 7)ol 285 8RS AL AT ook 1
T HEA9) Ze T2 AP E Yoyl AtAde] 19843 A 64K
DRAMS /N 2L o Ao} LGE dolo] 857127y 7S

St Y 2RE J|EAES Je&FozN IF A4 H(chip)S
Nestgoh ARE o) YEH 7|0 RFHY FAHEE xS
AFZstaA sgith o] QA CNA 7|ER Y gt Bgo] A4 W 1
g1 27} U 71&9] $3E2 1&3eed $83% 98E sk Al |
A 7)|solATANAE EUR 7o TE Al HEHUL =
W e ge 5o AEsied S£5EUth FEdMe 7
HEA A U0 FRe FAF o] YUk Y AgEAE =
AN AE AR AFALFER o E 48 Gtk ARe F
Z3er|eA 7Y, §208HY, FFTAAVeARY T4 2L ARAY
AF7BES HdEFoEA A7 AYAHCE FASAL THA
o WIZIREo] AFMLEAE F/NES JAEEE FUY 1
Hu AgiAe] Z7|gA A AREE £3) 5t Ade] AFNEEA
A AERT O 2 982 33t ¥ 32 AFMNEFER, GDP| tidt
H)g, AR vizte] AFu&o TS HAFT ok AFAES 2
z3) et APEY FF5Ee =2 AEE Ao AAEES A
argr wjojth 71E33AE e A2 47t itk dE 9 Aol
19843 wlo]ZE ¥ I &= X|(Micron Technology)Z2H-E 7|H4A7|&S
7415t 64K DRAMS 7Wd381%& W 5 3|AREe 439 7]&A4217}
9t 2 @ 5 IM DRAMS MR & wE 24718 AXE 29E
2ith 28 16M DRAMS /23S o 7|&dxs &4 3Ll
256M DRAM3} 1G DRAME 7|23l & wj= nlo] 38 g IA=2AE v}
AW S71etEh 018 d 85, 53 AP AL APde v 7le
FZNME 71&0] £, 3, FA=Ih A HA TA S 7leclA
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2 J&Foz d3/REae 2L ould 2AL FFME dF
o] A7|&9] 7lge] olyx ©A] 37]|&9] AFFEd HER
7] w&o|th.

(£ 3 HPHLER F0|

(29 109 9
1970 1980 1990 1999
AL RER 1.1 283 335.0 11,921.8
z Z 0.9 18.0 65.1 3,203.1
ozt 0.1 10.3 269.0 8,711.7
ZZ:.49 7 97:03 64:36 19:18 27:73
A7) /GDP 0.38 0.77 1.95 2.46

FEREE e

1980 7]&o) Mg x7|gA Y o] AFAxPI &L AT
ZRE] = Adsior stAd dig 71&e] FFA diF ="
Jok. AALR L s8] 2HI)eL FUAFC] UFE Hiso FR
o] AA7E §lo] 7157871 ok clRE =Y MEste Ao Hds
A guta 2A2HA Aasgth =2 A 2L gl #
F& gEof Ity Ansigch 22y oy = £=9 GM2
2HE 2H7€S 243t FUARAEOE &8 FXEE 3o AT
Ak I Ao I80] £2FFEA JEs YT dE olREE
o 3atA] £g SFaFe ARAIAV DA dde Awd] 43
=83k U 297|&S WY ol& 2UEE AUT o &3t
2H3o] A5 64K DRAME 73S o HA 7€y AAHA tig =
o] AT B AFESo] 1 AFAR digf & 7H3t. a8y
AL F571€5 v d9$ 93382 o]Z2& IM DRAME 7
Weted 83 ATh AN ES £55 vl ¢ A 2T
9] 7|&FF5EL Ul ANFATE A i) A JE
F9714e F£FL 5718 AR 71e5%9 Fato] AT

71€53 4FT ofF &EofllA =ofo] A7IAA = F /1A 8%
& Ao =83 ARAAN 2o 7] R B4 8<0] Ik
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ok #=2 Aol ol qlo] AlA 59elAT A Q7F o] EE E o
4919 PEth HFY AR £59 MulA WM A4 1xsiET
AT 3005k o)) Mol &k JEUHEE . Yo YR 45
T MR divlEnh e o] 8Ate] dAd F7ME wigo g AHAY
AE FE5EE 718t ok BE £5F9 AALAY FolA B2Crt
719 dE AujFe] o} B2BE 1998 o]|F F&EE2 Z7)8ta
At

AAEAA= 28 AR 4] 343 24 g8 F=
I AT F 47} RAFRo] FRFANA] A4k Bl7lA] sFEo g
199532 E 1999712 Az} 27.5%2 27kl s o) e 73 A
A7}A 2 2 37% S71% GDP} tiulgch 122 A ) tig A
H7le4e] $842 22 7|3t 258 A Frleig ARI|e
2rleo] GDPel| th& HFL AA7|FE2 2 19950 5.7%0) 2 1999
Qe 13.1%2 5 H] o4 7188t

AE7|=9 7leoldd M I F8 5271 AEA FYolud
T 2 U B2 gEsin Jo A dHreL =
at7] e AHEAG AAELF £t oEEHA] @u JIAEA}
ZIeBHAE EAT L TR 7eS A7) YN ARIE 4
ol A=AFAE A Ao] oy} IMF 97101%F Fgz243 e
OE S35 AsME FAEATh st &=L 57| A 2%
BHE 243 YIAFAE BojSolgs FRY o PYPo] =
A HEZ|EAHAA ofAlote] FE=7l2 ATt 2 FR7
4ol A YZAEAE 19961d 64005+ ZEjol A 20004 279 @E 2
Hol &5tk o71A HE7|&9 A4 ZFUFAE 68%S =}
At AZEY O E 163%, FR7|EANAE 15792 A dle AR
71& Zuakgdel g et Age bkdsa Qo

AR7IeAY Y 71EolH e vl 71X HelAM FEeadst g2 3
A, AR7|E 53] LAZEH] 7]&L F33 7|eaE @A Rol
E AR Rdtd BE £o dE2 o4 ok adgA o X
Uold & Fatd 71eg BAsAY w9717} oEb. B4, o] 29
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(E 4) H=7|aMeiol s
(29: 449, %)
1995 1996 1997 1998 1999 =7t&
AZGDP | 3,773,498 | 4,028,212 | 4,230,067 | 2,947,104 | 4,367,985 37
ICT 4b¢] | 215,851 | 251,213 | 328,232 | 400,354 | 570,309 27.5
HF 5.7 6.2 7.8 10.1 13.1
Ag: 23, dx4gL

AEF7IE 54 BolA 71eFqA Bt ojyzl 7les8AZ

Aol g3ttt AlFeNA Aobdr] HAE 71€P5AT} é7lf4'7ill«l
A71EE =93k 3. AA, AFLwH0] o] FEAA dF3% HE
Hi o F345e] O RE 7le B2 A5 FR7IC] oF] A 4
STA Y 71ES ARETE 28U FRV|E] A AFHaFdY BE
£ 23 3o rlesSAE dFE &7] A8 =R E‘éﬂ?— A &3 oF
gtk JA, AR71SAEAA S 7e 53] 2ZEH ] 7] gl
AR Astso] AU FEH A4z BPH flof %—’z} e
S B3t ojdEo ok k. A HRI|SHYAA wE led
= E7tal 7lec] & I7IREEH OE IUIE olAHE A2 4
A7t ek olH @ ol fF 2 st 7]EAR R HT: FRI|SA Y 7]
oA E B FasH Hnt. Zleolde BE oHE mWEel 7
EY5A= B4 718 diAd FARAY MEAE A3 9
£ S48 ¢ A AL 2 AUUERE o] FFAAMH LTk A Y 9

m{}

FATAE fAshe HTHYTL KTZL) DL o] AZLTEE o F
EAALTEY S BAEE FA3IG T FFUL 43U AEHY
AHl2 Eopo] FA}ES AZEHIE FA|3HT

3. Tt ART|eA A 2] 7lgolA v

ASNA FHEH ARV A4Ye rleclde FEe Btk =2
FALE v A3 AolHe] ok FL HL A EF AddAd
o 7194 E AT Aotk 22y AolHE ojr] 473 AFAL. F



. AT o 4 7leng 9

S}t A= HE-E 7)o ARA $9)e 53k 1A= 0wy g
HE1€L 7142 MEE = o) Aths Foj. 71€ode 55
9 Aee sy BHE 2B TYolwt =3}A] gy ode zs =
3} 71&o)A e 3 9l ol % FA= 4 o) A7) ee 7N
U 7esee =33 BHo)7% s ¢ go G L Y g
82 3= BRI % S &y W&o 1. A, ey o) <3}
St Az OEMH4) o = e =g whs) ’E'}EJ]%*?EHEJ AlEF-L 0BM
(own brand manufacturing) <2 obm (own design manufactudng)‘#é}ﬁ
= g, OEM<4 ODM 2 o. OBM2 2 o) Ao mae il
Te) a4y TLYL AY g 77T 9les Hogg =
OEMo) <31 ke ‘?”HZFE*'?'-H 1&g 58 571 A= g} ODMy))
Al OBMo) <31 Adgye 24 AT NEe 25 T Fze 9
o] o}, ODMU %] 0BM) A AYabga o A E o ALF7}7}12) 301
AL =30 7148t g, TTE 9)7 0] F5719 9 AT re) A#7} o}
Hx g, A J)e = FA A< TY Ay SR od31E g
Els DAL o) A=A E o AF7}7}R) 9] B2 7)o RAe A
dolg apy EER) 7FeEl7) o)A o) FL qo)g. =H, AR7)ea
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I. Introduction

Many developing economies have shown a keen interest in
technological development during their economic development on
account of the close correlation between the two. As Paul Krugman
has asserted, the technology gap must narrow in order for developing
economies to narrow the income gap with developed economies. As
Romer has also argued, there are two kinds of gap between developed
and developing economies: the object gap and the ideas gap.

Poor countries are poor because they lack the materials necessary
for production, such as machines and equipment, the object gap, but
also because their citizens do not have access to the ideas that are
used in developed countries, the ideas gap. The ideas gap is usually
referred to as the knowledge and information gap. The new growth
theory argues that technology and the accumulation of human capital
are the two most important determinants of productivity and
industrial development.

A World Bank report has pointed out that the knowledge gap must
narrow for developing economies to catch up. In short, narrowing
the income gap means narrowing the technology gap, and narrowing
the technology gap implies narrowing the information gap.

However, narrowing the technology and information gaps is not
an easy task and, in fact, in some developing economies the
technology gap tends to widen. Furthermore, some studies show that
there is little evidence that technology plays a significant role in
economic development in developing economies, such as those found
in East Asia. Krugman argued that Asian economic development was
not due to the increase in total factor productivity that can be

accounted for by technology, but was in fact simply an increase in
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factor inputs, such as labor, capital and intermediate goods.

However, it is widely recognized that Korea has succeeded in
industrial development through the process of successful technology
transfer. The Korean experience in technological development might
be able to play as a benchmark for the latecomers. It is also important
to study the role of information in the process of industrial
development.

This is particularly true in a knowledge-based economy or a digital
economy where technology or knowledge is a critical source of
growth and a key determinant of competitiveness.

In this paper, I wish to study technological development, placing
special emphasis on the role of information that is playing an
increasingly significant role in the process of industrial development,
particularly in a new economy characterized by the fast growth of
information and communication technology (ICT) and industries
related to it. I wish to discuss the relationship between technology,
economic growth and industrial development. I will also discuss the
characteristics of technology development in the process of industrial
development, breaking it into two phases: the earlier phase of heavy
and chemical technology (HCT) and the later ICT phase. Particularly,
I wish to compare the pattern and characteristics of technology
development and transfer between the two phases.

Based on this comparison, I will discuss the role of information in
technology transfer in both the HCT and ICT phases. Although
technological information and knowledge is very much important in
technology development, studies related to this have not much been
done. An infrastructure and a distribution mechanism, to disseminate
and diffuse technological information, determine the level of
technology and industrial development. It is expected that the role

of technological information is increasingly important in a digital
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economy. This was the motivation behind this study. After elaborating
on the case of Korea, I will discuss the implications and relevance
to other East Asian economies and whether the Korean experience
can be applied to other developing economies, drawing some policy

implications based on this discussion.



II. Technology and Economic Development

1. The Role of Technology in Economic Growth

It is familiar in economics to try to find the relationship between
technology and economic growth; there have been many studies on
this issue. Denison studied the contribution of total factor productivity
on U.S. economic growth in the post-war period. Boskin and some
others also conducted an international comparison of factor contribu-
tions to economic growth. The results of this study generally showed
that there was a close correlation between technology and economic
growth. As Table 1. shows, increases in total factor productivity
accountable for by technology are the factor most attributable to

economic growth in industrialized countries.

(Table 1) The Contribution of Factor Inputs in Economic Growth

(Unit: %)
. ) Technology Intermediate

Count Period Capital Lab

ountLy ene i - Progress Goods
U.s. 1948-85 24 27 49
Japan 1957-85 40 3 55
Germany 1962-85 32 -10 78
UK. 1957-85 32 -5 73
France 1957-85 28 -4 76
Korea 1967-93 13.67 4.62 10.8 70.9

Sources: Boskin and Lau (1992); and Hong S.D. & Kim J.H. (1996).

According to Boskin’s study, the contribution of total factor
productivity to economic growth in the U.S. over the past three or
four decades was 49%, and it was 55% in Japan.

As the study shows, technology was a key determinant of a nation’s

economic development. Technological change enhances a nation’s
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productivity by making it possible to develop new products, new
processes and even new industries. Technology refers to the entire
process of physical transformation from input to output, including
the knowledge and information required for organizing all of the
activities involved in this process. When accounting for growth,
technology is treated as a residual of the production function, often
called Solow’s Residual.

However, in the case of developing economies, particularly in East
Asia, this is somewhat controversial. Young and Krugman asserted
that the contribution of total factor productivity in East Asian
economies is about one third, and most economic growth is
attributable to an increase in simple factor growth, such as labor and
capital. A study on the Korean case also showed similar results.

According to Kim, the contribution of total factor productivity to
economic growth in Korea is just 11%, less than average for East
Asian economies. However, this figure underestimates the role of
technology in economic growth because most technological develop-
ment in Korea was accomplished through the import of capital goods
in which technology is imbedded. The import of capital goods and
technology imbedded in capital goods made it possible for Korean
industry to accumulate technology and develop. However, in the
Solow-type method of accounting for growth, capital augmentation
is not counted as technology.

The Asia Development Bank (ADB), in a report, asserts that it is
easier for developing economies to imitate foreign technologies during
the early stages of economic development because they don’t have
the capacity to innovate. However, as they develop and approach
the technological frontier, such countries are better and more capable
of developing their own technologies by investing in research and

development (R&D). This is why the contribution of technology to
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economic growth turned out to be somewhat insignificant in Korea,
and why simple factor inputs were more significant during the earlier
stages of development. Korea also seemed to follow the same path

as the ADB report pointed out.
2. Technology and Industrial Development

There are two sources of technological development: technology
transfer and R&D. According to a report from the Organisation for
Economic Co-Operation and Development (OECD) in 1981, technolo-
gy transfer is the process by which science and technology are
diffused through human activity. During the earlier stages of
economic development in Korea, technology transfer played a much
greater role than did R&D. Korean firms did not have the capacity
to innovate their own technologies through R&D investment. It was
easier for them to imitate foreign technologies through technology
transfer. In fact, technology transfer was a major instrument for
technology development throughout the entire period of economic
development over the past four decades, while R&D has been playing
an increasing role only during the more recent stages.

Technology transfer expedited the accumulation of technology and
contributed to the rapid shift to a high value-added industrial
structure, including HCTs. During the early stages of industrial
development in the ‘60s, Korean industrial structure was mostly
composed of labor-intensive industry: textiles, clothes, shoes, toys,
wigs and plywood. In the ‘70s, the industrial structure was upgraded
to a higher value-added one with shipbuilding, iron & steel, home
electronics and construction. In the ‘80s, Korea could produce
technology-intensive products: computers, semiconductor memory

chips, video recorders, automobiles and industrial plants. And in the
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‘90s, the Korean industrial structure was further upgraded to high-
tech products such as mobile phones and HDTVs.

It was possible for Korea to upgrade its industrial structure every
10 years—from labor-intensive, to capital-intensive, to technology-
intensive and finally to high-tech—through technology transfer and
learning by doing.

We can now arguably decompose the process of industrial
development in Korea into two phases: the phase of HCT and that
of ICT. In the period of HCT, starting in the mid-"70s, technology
was more imitated through technology transfer, but in the stage of
ICT, starting in the mid-"90s, technology was relatively more
developed through R&D as Korea, as a whole, approached to
technological frontier and began accumulating the capacity to

innovate.



III. Technology Transfer in the Process of Indus-
trial Development

1. The Technology Transfer of Heavy & Chemical Technol-
ogy (HCT)

There are three major channels of technology transfer. One is via
foreign direct investment (FDI), one through licensing and the third
through the import of capital goods. Beyond these three channels,
technology can be transferred through corporate mergers or acquisi-
tions, strategic alliances, technology cooperation or outsourcing.

In Korea, technology transfers have been mostly channeled through
imports of capital goods during the period of HCT. Seoul has pursued
an industrialization policy focusing on heavy industry whose
industrialization depends on the import of capital goods (Table 2).
Introduction of FDI and licensing was regulated by the Korean
government and was not encouraged. It was not until very recently
that technology transfer through FDI and licensing have increased
and played increasingly important role as a means of accumulating

technology in Korea.

{(Table 2) Foreign Technology Transfer

(in millions of dollars)

source 1972-76 1977-81 1982-86 1987-91 1992-96 1997-99
FDI 879.4 720.6 1,767.7 5,635.9 8,399.3 31,364.7
Licensing 96.6 4514 1,184.9 4,359.4 7.317.8 7.486.9
Capital- 8,841 27,978 50,978 120,952 220,211 137,845
Good
Imports

Sources: Korea Industrial Technology Association; Korean Society for Advancement of
Machinery



IM. Technology Transfer in the Process of Industrial Development 47

As mentioned before, technology transfer through the import of
capital goods made it possible for Korea to compress growth and
quickly shift to a high value-added industrial structure. Technology
transfer in Korea followed the typical trajectory of technology
acquisition, assimilation and improvement according to the explana-
tion of Linsu Kim. For example, when Hyundai tried to develop and
produce its first sedan, the Pony, in the early ‘80s, they did not solely
rely on the import of capital goods. They purchased technology from
Ford and learned how to manufacture by reverse engineering. During
the early stages of technology transfer, they developed a production
processes through the acquisition of packaged foreign technology,
including assembly processes, product specifications, production
know-how, technical personnel and components & parts.

During the second stage, that of assimilation, production technolo-
gies were quickly diffused across the country. As a late entrant, Korea
acquired technological capability by recruiting experienced technical
engineers from overseas. This was clear in the automobile industry
when Daewoo and Kia tried to develop their own small passenger
cars. This process also occurred in the semiconductor industry. When
Samsung first developed the 64K DRAM chip in 1984, Hyundai and
LG followed by developing chips of their own.

They did so by acquiring technology from foreign firms and by
recruiting engineers from abroad, as well as from domestic
competitors. The government also assisted in this process by acquiring
and diffusing wanted technologies. It was at this stage that the
dissemination and diffusion of technology information played a
significant role in accelerating the assimilation of technology within
the industry and the country.

During the third stage of technology transfer, technology improve-

ment, imported technologies were applied to different product lines



48

and improvements were made through R&D. Particularly in Korea,
there was a concerted effort between the private sector and the
government when investing in R&D. However, during the earlier
stages of industrial development, the government played a bigger
role in R&D investment. The government directly invested in R&D
by founding and funding government-sponsored research institutes
such as the Korea Institute for Science and Technology (KIST), the
Korea Academy for Science and Technology (KAIST) and the Korea
Institute for Industrial Technology Information (KINITI). This indirect-
ly gave incentives to the private sector to increase their R&D
investment.

But during the later stages of industrial development, the private
sector—particularly the five largest conglomerates in asset size—
played a bigger role than the government and invested more in R&
D. Table 3. shows the trend of R&D investment, its ratio to GDP
and the proportion of government spending compared to the private
sector.

With an emphasis on R&D, the absorption capacity of the
conglomerates was so remarkably enhanced that they could catch up
with technology supplying companies every time they developed a

new product. For example, there was a four years technology gap

(Table 3) Ratio of R&D Investment to GDP and Proportion of Public to

Private R&D
(Unit: billion Korean Won)
1970 1980 1990 1999
R&D 1.1 28.3 335.0 11,921.8
Public 0.9 18.0 65.1 3,203.1
Private 0.1 103 269.0 8,711.7
Public & Private 97:03 64:36 19:18 2773
R&D/GDP 0.38 0.77 1.95 2.46

Source: Ministry of Science and Technology.
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between Samsung and Micron Technology when Samsung purchased
the memory chip technology from Micron and developed the 64k
DRAM in 1984. There was a two-year gap between them when
Samsung developed the 1M DRAM a few years later. However, when
she developed the 16M DRAM, the technology gap between them
was down to only 3 months. Samsung finally surpassed Micron
Technology when she developed the 256M DRAM and the 1G DRAM.
In proceeding along this trajectory of acquisition, assimilation and
improvement, technology was introduced, accumulated and diffused
in the technology-receiving countries.

One has to be aware that the third stage of technology transfer is
equivalent to the R&D stage of technology development. There is no
original technology, one arrived at through R&D, in corporate Korea.
Every innovative result of R&D activities was a simple improvement
on a foreign technology.

At the earlier stage of technology transfer in the 1980s, there was
a controversy about the appropriate technology, whether or not the
nation should import and develop from industrialized countries
assembly technology for automobiles. The World Bank cautiously
recommended to Seoul that assembly technology of passenger cars
is not appropriate for introduction or development for the reason
that there is no demand for this technology since the domestic market
is too small to have economies of scale in the automobile industry.
They recommended that Seoul develop automobile parts and
components instead of full assembly lines. However, Hyundai and
Daewoo introduced assembly technology from Ford and GM and
developed it, targeting the export market rather than the domestic
market.

In the process, there was a learning effect as well as a linkage

effect that nobody expected at the time. Hyundai quickly learnt the
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assembly technology for small cars, the Pony, and applied it to
medium-sized car when they developed the Sonata.

When Samsung first developed the 64K DRAM chip there was also
a controversy surrounding the appropriateness of its technology.
Many doubted whether or not it would succeed. However, Samsung
was very adamant in learning the acquired technology and applied
it to the development of the IM DRAM chip. In the process of
acquiring and learning foreign advanced technologies, their absorption
capacity of technology improved. In the case of Samsung’s memory
chip development, they even leapfrogged technological steps, surpass-
ing the technology level of the technology-supplying firms.

The success of catching up technologically and leapfrogging in some
fields is attributable to two major factors: the effort of the big
conglomerates and environmental factors, like government policy.
First, big conglomerates targeted the development of new products
that they found profitable and promising in future markets. Once
they targeted the development of new products, they utilized every
possible means and ways they could. They used financing from banks
and foreign financial sources and recruited the best-qualified
engineers from abroad or from competitors.

The largest conglomerates proved to be very efficient and effective
in mobilizing resources and pushing the development of new
products and technologies. Fierce competition among the conglom-
erates also contributed to the competitive development of technology.
In its literal sense, technology transfer and development in Korea was
initiated and led by the 5 largest conglomerates.

However, as a side effect the big 5 suppressed and sometimes
suffocated the technological capabilities and development at small
and medium enterprises (SMEs), and even at other very large firms.

Such SMEs have been almost always in an inferior position when it
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comes to developing their own products because they were short of
financial capabilities, engineering manpower and market access. Those
big 5 monopolized the product market as well as the factor market,
such as finance, labor and R&D. Second, it was relatively easier for
firms to acquire and assimilate foreign technology since the necessary
technologies were visible and tangible. Product technologies in HCT
industries, such as end products for home electronics, automobiles
or industrial plants, were easily adapted by reverse engineering. Most
product HCTs were at the mature stage from the standpoint of the
technology-supplying countries or firms. So they were willing to
provide their old technology to technology-demanding countries like
Korea.

As for environmental factors, the Korean government played a key
role in motivating the private sector to develop technology and
technology intensive products. The government adopted an industrial
targeting policy, focusing on fostering strategic sectors, such as HCTs,
and provided every possible subsidy and incentive to the firms that
participate in these targeted sectors.

As a matter of fact, the companies that were interested in taking
government subsidies were willing to participate in the process of
technology development even though they did not make much profit
in developing those targeted products. Government also founded
general research institutions like the Korea Institute for Science and
Technology (KIST) and sectoral level research institutions like the
Electronic and Telecommunications Research Institute (ETRI). It tried
to disseminate those technologies that were developed by researchers
in these institutions to private sector by spin-off.

This kind of effort was not always successful but it was enough
to stimulate and encourage the private sector to increase their R&D

investment. Besides the government policies that encouraged techno-
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logical development, the relatively high quality of manpower and
education contributed to the fast catch-up of technology and the

successful accumulation of technology.

2. The Technology Transfer of Information and Commun-
ication Technology (ICT)

Since the mid-90s, the Korean economy has shown clear signs that
she was entering into a new economy, often called the digital
economy. As Table 4. shows, 22.3 million people as of June 2001
enjoyed communicating and searching for information through the
Internet, more than half the population of South Korea. More than
30% of all Koreans have PCs for their individual use. From 1995 to
2000, the average annual growth of Internet users was 127%, double
the world average of 62%. The government has connected all 43,000
elementary, middle, and high schools in the country to the Internet.
While Korea ranks fifth in terms of absolute numbers, it ranks fourth
in terms of penetration among the entire population.

In addition, telecommunication networks have been upgraded
continuously in terms of both speed and service. More than 3 million
homes now have high-speed Internet access the figure of which is
contrasted with Japan’s 450,000 homes. Based on this enormous
increase in Internet users, e-commerce is also increasing rapidly in
Korea. Among all types of e-commerce, B2C was dominant in the
beginning while B2B has emerged as the dominant since late 1998.

The digital economy is, of course, being led by the fast development
of ICT industries. As Table 5. shows, the production of ICT industries
in value-added terms has increased at an average annual rate of
27.5% from 1995 to 1999 while GDP has grown by 3.7% in real terms

over the same period. Therefore, the importance of ICT industries to
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{Table 4) The Number of Intemet Users in Korea
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Source: Korea Network Information Center

economic growth has increased over the same period. The share of
ICT industries to GDP in real terms was 5.7% in 1995 but it has
increased to 13.1% in 1999, more than doubling.

(Table 5) Ratio of ICT Industry to GDP

(unit: 100 million won, percent)

1995 | 1996 | 1997 | 1998 | 1999 | Arnual Increasing

Rate
Real GDP (A) [3,773,498|4,028,212|4,230,067 | 2,947,104 4,367,985 3.7
IT Industry (B)| 215,851| 251213 328232 400,354 | 570,309 27.5

Ratio (B/A) 5.7 6.2 78 10.1 13.1
Source: BOK, KDB.

As for the transfer of ICTs, South Korean development relied on
diverse channels, unlike HCTs whose major source of technology
transfer was the import of capital goods. In order to acquire core
and original technology from abroad, the country did not solely

depend on the import of capital goods or core parts but attracted
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FDI and licensing. The country did not seek FDI in IT simply to
acquire technology but also for financing purposes after the currency
crisis. South Korea was well positioned to become Asia’s hub for
international IT business supported by Seoul’s efforts to encourage
FDI by providing a favorable environment for foreign enterprises.
FDI in the IT industry jumped to 2.7 billion dollars in 2000 from just
64 million dollars in 1996.

Technology transfer in ICT industries differs from that in HCT
industries in four aspects. First, ICT technologies—software technolo-
gies in particular—are intangible and invisible, unlike HCT technolo-
gies, and are often codified and sealed in modules with ciphers.
Therefore, it is difficult for the technology acquirer to copy or learn
them by reverse engineering.

Second, the product cycle in this industry is usually so short that
competition is fierce not only between the technology suppliers but
also between the technology acquirers. In order to survive in the
market, technology acquirers should introduce new technologies or
emerging technologies.

Third, intellectual property rights are strictly protected in this area.
Many HCTs are used, old technologies, at the stage of maturity,
whose effective period of patent protection is over in many cases. In
contrast to that, many new ICTs are well protected by patent rights
so that technology acquirers have to pay costly royalties for licensing.

Fourth, technologies in ICT industries—software technologies in
particular—are imbedded in human capital and preserved in the form
of tacit knowledge so that technologies usually have to be transferred
face-to-face. Therefore, in spite of the rapid change in technology in
ICT industries, it is not easy for technologies to be transferred from
one country to the other.

Because of the reasons mentioned above, the role of technology
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information is increasingly important in the technology transfer of
ICT industries. In addition, because of the difficulties involved in
transferring technology, technology acquirers usually prefer FDI or
mergers and acquisitions (M&A) as a means to acquire technologies
instead of licensing. For example, Hansol M. Com, a Korean
telecommunications company, succeeded in attracting FDI from Bell
Canada in the area of mobile telecommunication services. KT Freetel,
another Korean telecom, brought in Microsoft to invest in their mobile
telecommunications software. Thrunet, a Korean cable Internet
company, also attracted Softbank, a large Japanese investment bank,

to invest in their high-speed broadband Internet services.

3. Comparison of Technology Development During the
HCT and ICT Periods

We have looked at the process transferring HCTs and ICTs. There
are, of course, some similarities and differences between them. The
similarities are that both of them contributed to rapid industrial
development even though we have yet to fully see the transfer of
ICTs. But some differences have already been observed.

First, most HCT products were originally produced on an original
equipment manufacturing (OEM) basis, while ICT products are now
produced on an original design manufacturing (ODM) basis and
developed on an original brand manufacturing (OBM) basis. The
development of manufacturing technologies on an OEM basis,
through to ODM and OBM, contributed to the creation of value-
added products and their constant upgrading and improvement.

One may say that this was not a result of R&D activities alone
but the result of comprehensive capabilities of firms—such as

marketing, business and technology skills. However, there is no doubt
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that vivid R&D activities contributed to the creation of high value-
added products. Samsung Tekwin's camera is a good example of
such development.

Second, R&D activities for ICTs are usually required in every phase
of the production process from product development to design,
manufacturing and marketing, while R&D into HCTs is needed only
during the development stages.

Third, R&D activities for ICTs—normally undertaken at SMEs—are
increasingly more involved in R&D activities, particularly for venture
businesses. For HCTs, there was no room for SMEs to engage in
research activities. They did not have the capacity or intention because
there were no opportunities for R&D investment. SMEs involved in
HCT-based industries imitated and copied products developed by
bigger or foreign firms. If they developed products independently,
then they usually ended up bankrupt either because they could not
afford to finance the R&D expenses or because their technologies
were so poor that they could not meet the market needs.

However, for ICT-based industries, many SMEs, or venture firms,
are themselves equipped with high technologies and are eager to
exploit new markets with the products they independently developed.

Last but not the least, the government support of R&D had a
triggering effect on the ICT-led new economy. The Seoul government
not only directly invested in R&D activities, such as founding
government-sponsored research institutes, but also provided the
private sector with various tax and financial incentives. At this stage
of ICT, the market infrastructure developed well and supported a
favorable environment for R&D activities. The development of
KOSDAQ and the stock market in general also contributed to the

financing of R&D investment for such venture firms.



IV. The Role of Information in Technology
Development

1. The Significance of Information in Technology Develop-
ment

We can define technology transfer as the process of information
diffusion from a technology-providing country or firm to a
technology-receiving country or firm. Whether technology is imbed-
ded in capital goods or human capital, or transferred through
licensing or printed material, all technology transfer includes the
diffusion of information from a technology-supplying agent to a
technology-demanding agent.

According to Ikuiro Nonaka, there are two dimensions of
knowledge: explicit or codified knowledge and tacit knowledge. On
top of this, there are four different types of conversion between these
two dimensions of knowledge: tacit to tacit (socialization); explicit to
explicit (combination); tacit to explicit (externalization); and explicit
to tacit (internalization).

Technological capability at a firm is not a collection of explicit
knowledge. Rather, it is largely a collection of tacit knowledge.
Technology transfer mostly involves learning on the part of the
technology-receiving firms by the transfer of explicit and tacit
knowledge of the technology-providing firm to the tacit knowledge
of the technology-receiving firm. In this regard, the role of technology
information is significant.

Information is unique in that it cannot be depleted and it is non-
exclusive. Even if a certain consumer utilizes information, the

information is not used up. Also, consumption does not exclude any
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other person’s consumption or utilization of the same information.
Therefore, information is a public good with positive externalities
when decreasing returns to scale are applied. If information can be
disseminated and diffused in such a manner—as much as possible—
then the economy as a whole is better off. Likewise, technology
information is a public good by which technological capabilities are
enhanced. Particularly, at the assimilation stage of technology transfer,
the dissemination of technology information has a great effect on
technological development. ,

But at this stage of assimilation, there are two problems that should
be solved in order for technology information to be disseminated as
efficiently as possible. First, the technology-acquirers usually do not
have much incentive to disseminate the information that they spent
time and money on procuring. On the contrary, they tend to keep
such information secret, inside their firms, and can be very reluctant
in exposing such knowledge to competitors.

But it is those competing firms that are desperate to acquire the
technology information either from the first acquirer or from the
original, usually foreign, source. From the point of view of the
national economy as a whole, it would be better for the information
to be disseminated as much as possible.

Second, it takes a considerable amount of initial investment in order
to disseminate technology information. It is for this reason that
governments must be involved in the task of disseminating
technology information in order to guarantee the effective facilitation
of technology assimilation within the country.

During the R&D stage, information is needed and demanded much
more than during earlier stages of development. According to a study
by the U.S.” National Science Foundation (NSF), over half of the time
allotted for R&D purposes is spent on acquiring and collecting
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required data and information. Another study shows that for ICTs it
takes only one to two years from R&D to the commercialization of
a product, while for HCTs it takes from five to six years.

Because of this ever decreasing time frame, product development
information needs to be gotten and organized in a much more timely
manner. It is known that information, as an economic good, should
meet the condition of timeliness, accuracy and economy in order to
satisfy customer demand. Information plays not only a role in
facilitating R&D activities and strengthening technological infrastruc-
ture but it also helps build high value-added content that is

indispensable in technology development.

2. A Comparison of the Role of Technology Information
During the HCT and ICT Periods

In spite of the significance of information in technology develop-
ment, there is a difference in its relative importance during the HCT-
led and ICT-led stages of growth. With HCTs, technology information
and its dissemination played a minor role since it was relatively easier
to acquire technology information. First and foremost, in HCTs, most
technology information and know how was acquired by reverse
engineering of imported products in which the technology was
imbedded. Many HCTs are tangible and visible, embedded in capital
good, so that it was easier for technology imitators to copy and learn
them. Second, many export goods were produced in OEM. Buyers
mostly provided the technology information necessary for OEM.

Third, it was easier to get information from industrialized countries
because most products were mature. Product cycles in HCTs are
relatively long so that technology-receiving firms can survive in the

local market even if they purchase mature technologies. It is
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particularly true in the area of machinery and some other heavy
industries.

Fourth, SMEs acquired technology information directly from large
firms for which they are subcontractors. For example, auto parts and
components manufacturing firms could acquire technologies and
technology information from Hyundai or Daewoo. Therefore, technol-
ogy acquirers usually resorted to the technology information
dissemination institutions to acquire information.

On the other hand, it was increasingly difficult to have access to
technology information through ICT transfer. Most such technology
information and know how is intangible and invisible, often sealed
in modules with a cipher, so that it is difficult to learn by reverse
engineering. Furthermore, patent rights strictly protect many new
technologies so that acquirers usually have to pay costly royalties for
licensing.

Second, competition is acute and fierce between ICTs because of
the short product cycle.

Third, ICTs are tacitly imbedded in human capital. Therefore,
technologies should be transferred through human contact. Because
of difficulties involved in technology transfer they need to develop
their own technologies through R&D. During R&D, it takes much
time and cost to collect and acquire information. According to another
study from the NSF, 51% of the time spent on R&D is simply for
collecting and analyzing information. Therefore, they have to depend
more on professional technology information dissemination institu-
tions in order to acquire information. That is why the role of
information and information dissemination institutions got increasing-

ly important with ICTs.
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3. The Experience of Disseminating Technology Informa-
tion

In accordance with this demand, the Seoul government in 1987
founded a government-sponsored institution, the Korea Institute for
Industrial Technology Information (KINITI). It was merged with other
government institutes and became the Korea Institute for Science and
Technology Information (KISTI) in 2000. KINITI's job was to
disseminate industrial technology information to companies. By doing
so, the government intended to facilitate technology transfer from
foreign sources to domestic firms and between domestic firms.

KINITI possessed about 30 million units of technology information,
most purchased from foreign data banks or databases; it had 9 million
pieces of patent information, 7000 periodicals and 40,000 technological
reports. It provided companies with information in response to their
requests. As of September 2001, some 50,000 people and companies
subscribe to KINITI databases and regularly use its information
services.

Table 6. shows how the number of users of information services
sharply increased since 1999, while it was stable and rather stagnant
before 1998. Before the mid-‘90s when industry used mostly HCTs,
information users did not exceed more than 20% of total firms. This

proves how information does not play a significant role in HCTs.

{Table 6) Number of Subscribers for Technology Information Services
(Unit: number, percent)
Year o1 [ 92 [ 93 [ o495 |96 [ 97 ]98] 9 | 00|09
Subscribers 7,703 | 8,469 | 9,367 [10,15210,990|11,717|12,933|14,319(22,033(33,654(50,260
Growth rate 99 | 106 | 84 | 83 | 66 | 104|107 | 539 | 52.7 | 493

Source: Korea Institute for Industrial Technology Information

The rapid growth of technology information users was partially a
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result of price reductions in information services but more important
factors were the sharp increase in on-line users. From 1999 to 2000,
on-line users of technology information increased by 288% according
to KINITI and the number of clicks by on-line users increased by
372% in just one year. This sharp increase reflects the rapid growth
of the digital economy. It also shows that information plays an
increasingly greater role in ICTs.

Some 50,000 subscribers use about 400,000 pieces of information a
year. Among them, big companies use about 30% of information
services, SMEs 25%, research institutions 15% and private citizens
make up the rest, as of the end of 1999. Information service users
at big companies have been decreasing not only in relative terms but
also in absolute numbers for the past 10 years, while use by SMEs
and private citizens has increased over the same period. This reflects
how R&D activities at SMEs have increased recently and that is plays
an increasing role in the age of ICTs. Table 7. shows the growth of

such information use.

{Table 7) Numer of Subscribers for Technology Information Users
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KINITI also established an information network with foreign
information institutions such as the Japan Science and Technology
Center (JST), the Canadian Institute for Science and Technology
Information (CISTI) and the National Technology Information Services
(NTIS). It constructed a cyber information network for SMEs centered
on searching for information online. If you click on www.innonet.
net, you can get information related to SMEs ranging from finance,
technology, marketing, manpower, trade and investment. Most of this
information is now delivered via e-mail

According to KINITIL, the most common customer from the
industrial sector is from the chemical engineering industry followed
by the electrical & electronic industry and then from machinery. The
frequency of accessing information reflects the technology intensity
of the industries. Technology-intensive industries such as chemical
engineering or electrical & electronics more frequently need access
to technology information.

This trend will be intensified as the economy become more and
more digital. Machinery, energy and construction need less access to
technology information compared to other industries even though
such industries contributed heavily to industrial and technology
development in the past. It seems that machinery, energy and
construction technologies were transferred through capital good
imports with reverse engineering rather than by searching out and
implementing technology information. Table 8. shows the uses of
technology information.

KINITI also played a bridging role between technology suppliers
and acquirers by providing a technology market. It opened a standing
cyber market to bridge the gap between technology sellers and
buyers.

Besides KINITI, the government also established various institutions
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Table 8. Users of Technology Information by group

(unit: cases, percent)

1990 1999
Cases Proportion Cases proportion
Large Firms
Small&Medium
247,965 55.1 117,110 29.1
Firms
83,255 18.5 103,486 25.7
Research
62,554 13.9 64,719 16.1
Institutes
28,801 6.4 29,195 73
Private
27,452 6.1 87,428 21.8
Institution
Private Citizen
Total 450,027 100.0 401,938 100.0

Source: Korea Institute for Industrial Technology Information

related to the dissemination of technology information. Under the
Ministry of Science and Technology, there was formed a scientific
technology information dissemination institution, the Korea R&D
Information Center, which was merged with KINITI in 2001. The new
name is the Korea Institute for Science and Technology Information
(KISTD).

In order to promote technology transfer, it was necessary to make
a free market environment to support and expedite the transaction
of technology. For this, the government supported to establishment
of the Korea Technology Transfer Center (KTTC) through which
technology is moved on a commercial basis. Both KINITI and KTTC
function as a technology evaluator through their market operations.
Table 9. below illustrates the use of technology transfer services by
industry.
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(Table 9) Uses of Technology Information Services by Industry

60000 - 56566
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20000 16784 16706

12524
581

10000 E |

ME CH EL FO PE EN

Note: ME stands for metal industry, CH for chemical engineering, EL for electric &
electronic, FO for food, PE for petrochemical, EN for energy, CO for
construction, PH for pharmacy, and MA for machinery industry.

Source: Korea Institute for Science and Technology Information (KISTI)

4. Problems Underlying Information Dissemination

Even though the government tried hard to establish an information
infrastructure to expedite the transfer of technology information and
technology itself, it was not sufficient or efficient enough to meet the
increasing demand for technology in the era of fast growing ICTs.
It is expected that there will be increasing demand for technology
information from the SMEs. However, among SMEs, less than 20%
are regular users of information from organizations like KINITI,
though use is growing very rapidly.

Poor use of the technology transfer infrastructure seems to arise
for two reasons: supply and demand. According to one study, Korea's
capacity to retain technology information is only one tenth that of

Japan or the US. For example, the JST possesses 27 million pieces
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of technology and ORBIT of the U.S., one of the biggest data banks
in the world, has 35 million pieces. South Korea has only 3.5 million
pieces of technology information. Therefore, the government should
invest more in establishing infrastructure to disseminate information.

Second, data processing and information-delivering technologies are
developing so fast with ICTs that it needs continuous investment to
catch up with sophisticated technologies. In countries like the U.S.,
technology information is, in many cases, preserved in the form of
multimedia and design technology is conserved in 3D CDs, which
can be directly used on CAD/CAM programs. Nowadays many
information centers are becoming a sort of electronic library. Korean
technology information dissemination institutions like KINITI lag far
behind those in industrialized countries in its technological facilities
and capacities.

Third, customers of technology information services need com-
prehensive custom-tailored services. They need not only technology
information but also market, business or legal information that can
help solve problems. They need consulting services on business and
technology-related problems. Therefore, information dissemination
institutions should not only play the role of just dissemination but
also create a value-added role by consulting. In this context, the
content of information should be improved frequently on a monthly
basis in order to meet the sophisticated consumer’s demands.

Fourth, the private market for technology information distribution
is not well developed. As mentioned above, technology information
distribution has been developed by government initiation. Recently,
big companies like LG or Daewoo have begun constructing their own
data bank. However its capability is yet to be enhanced to compete
with government-sponsored institutions like KINITI, notwithstanding

competition from foreign institutions.
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Fifth, the users of technology information have to be eligible to use
the information resources. Many SMEs do not have the capability or
labour force to use the technology information provided by the
government-supported institutions. The utilization of technology
information is not the entire process of developing technology or
performing R&D. It is merely one step, closely related to other Ré&
D activities. The government should also invest in labour force
training programs in this field.

Last but not least, the digital age has made it easier for information
users to search for information. They simply click and visit websites
all over the world and search for whatever information they wish to
find. They are not satisfied with merely local information unless the
local providers have the capability to compete at a global level. The
information dissemination institutions must keep abreast with the
rapidly changing environment and should be able to compete with
foreign information dissemination institutes like the NTIS of the U.
S. and the CISTI of Canada to survive in the era of ICTs.



V. Implications for East Asian Economies

1. Different Pattern of Industrial Development in Asia

East Asian countries have a very diverse cultural background, they
are at different stages of their industrial development, and have been
through many dissimilar development patterns, even though they
belong to the same region. There are extremely advanced countries
like Japan that coexist with some of the least developed countries.
There are enormous countries in size and population, like China, and
tiny countries like Fiji. East Asia is very heterogeneous in history,
religion, ethnics and culture. There are Islamic countries as well as
countries that have Buddhist traditions or Confucian backgrounds.

The development strategies that these countries adopt are also
diverse. For example, China is one of the fastest growing countries
in the region on the back of an FDI-based strategy, while South
Korea has developed in part by inducing foreign capital. Each is
similar in that it adopted an outward-looking industrial development
strategy, but they are each different in their particular investment
policies.

The different development strategies seen in East Asia, particularly
those of Korea and China, have led to different patterns of
industrialization. Korea has shifted its industrial structure from labor
intensive, to capital intensive, to technology intensive. Indeed South
Korea was required to follow such a path as it was constrained by
few natural endowments and scarce production factors, such as
capital and technology. The so-called ‘flying geese theory” was
faithfully applied to Korean industrial development; Korea tried to

develop industrial capabilities for itself without delegating power to
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foreign firms or shareholders.

In the case of China, whose culture is more willing to attract FDI,
it was able to overcome the constraints of scarce capital and
technology. Beginning by simply attracting FDI, it has developed an
industrial structure with high-value added products. The “flying geese
theory’ does not apply to Chinese industrial development. China
could narrow the industrial development gap with Korea and build
a similar industrial structure in a short period of time. Many
developing East Asian economies, in particular Malaysia, Thailand,

Indonesia and Vietnam imitated the industrialization strategy adopted
by China.

2. The Role of Technology Information

In the process of development, China also developed technological
capabilities through diverse methods of transferring technology. China
did not merely rely on capital goods imported through technology
transfer but depended on FDI Even though China still heavily
depends on capital goods and on imports from Japan or Korea,
technology is more effectively transferred through FDIL

When technology is transferred through FDI, there are usually two
stages of technology spill over from the technology-providing country
to the receiving country. First, technology is transferred from parent
company to subsidiary company. Then it is transferred from
subsidiary company to local companies.

More often than not, technology transfer plays no role in the
movement from subsidiary company to local companies, especially if
there is some sort of technology protectionism on the part of the
multinational or negative feelings toward the multinational on the

part of the host country. However, in the case of China, there is no
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negative sentiment either from the investing country or the hosting
country and technology is smoothly transferred to Chinese local firms.
This kind of smooth transfer of technology arises in other Asian
countries too, where FDI policy is a strategy of industrialization.

Even though FDI is a strong vehicle to transfer technology in China
and other Asian countries, technology information and its dissemina-
tion is still important in enhancing the technological capabilities of
these countries. First, technology information plays a significant role
when it is transferred from subsidiary companies to local firms in
host countries. Usually local firms do not have much information on
how to acquire technology. Dissemination institutions should do the
clearing-house, or gateway function, of transferring technology
information.

Second, even tough China and some Southeast Asian countries are
only at the HCT stage of development, they are steadily moving
toward ICT-based industries since they can leapfrog intervening
stages through FDI. When this happens, the role of technology
information is even more significant.

China and Taiwan have government supported technology informa-
tion centers, such as the JST in Japan and the KINITI in Korea. In
case of Taiwan, its institution has more capacity than its Korean
counterpart, but the Chinese institution is less capable. It belongs to
a government organization and the director is a very high-ranking
government official. That means that China recognizes the significance
of technology information dissemination and its role in technology

and industrial development.

3. Policy Recommendation & Further Studies

The importance and the role of technology information in
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technology transfer and development have been briefly identified.
Despite the significance of technology information, the construction
of infrastructure for the facilitation and dissemination of technology
information in many East Asian countries is not satisfactory, except
for Japan and Taiwan.

The most significant task for Asian governments, including the one
in Seoul, is to increase investment in establishing technology
information infrastructure. As mentioned before, technologies in-
volved in delivering information are changing so fast that there needs
to be continuous investment in the facilitation of information
infrastructure.

Second, there has to be an increased effort to share and exchange
technology information between countries and within countries. There
have been such efforts before but their cooperation was not so
intimate or even close enough to satisfy the increasing demand for
technology information in the digital economy.

There are, of course, technical barriers in intensifying cooperation.
Most technology information users are local SMEs and they need
information in their local languages. In many cases, only local
information dissemination institutions can meet this need. They
should find more ways and means to increase cooperation,
particularly to meet the ever more sophisticated customer demand
in the digital economy.

Third, intellectual property rights, such as patent, copy and
authorship, need to be strictly protected. Information related to
intellectual property rights should be transacted on a commercial basis
within a legal framework. Illegal transfers of intellectual property and
technology information related to this will hinder the development
of the technology information distribution market. In addition, the

public in each country should well recognize and understand the
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importance of technology information, that it is really a nerve system
of all technology and industry. Without technology information, there
cannot be any activities related to R&D and technology transfer would
be impossible.

This has been a very sketchy explanation on technology transfer
and the role of technology information in the process of technology
development in Korea and its implications for East Asia. One should
understand that this is just the beginning of the study. Therefore,
further study is needed. .

First, the relationship between technology information and technol-
ogy transfer in Korea should be further studied. It is desirable to
study the relationship down to each industrial level. The role of
technology information in technology transfer and development
should be worked out industry-by-industry, particularly focusing on
ICT-dependent industries.

Second, various patterns of industrial development and technology
transfer among Asian countries should be studied.

Last but not least, regional cooperation for a technology information
network between East Asian countries should be studied. In the world
of globalization, information networking in the area of technology is
crucial for the acceleration of technology and industrial development.
For this, Japan or Asian regional institution like the Asia Development

Bank should take a leading role.
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