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Abstract This study estimated and decomposed the productivity changes into technological change and efficiency
change components for the photonics industry and examined ways of imporving the productive efficiency. Unlike most
previous studies, this study employed a non-oriented Malmquist productivity index, which is a non-radial method and
deals directly with the input surpluses and output shortfalls. The empirical results show that the productivity of the
photonics industry has increased. The main reason for this is the increase in technical efficiency. In addition, there
was a statistically significant difference in the productivity changes according to the firm's geographic location and
participation in government support programs. These findings suggest that the government's regional strategic industry
promotion policy has contributed to improvements in the productive efficiency of photonics industry. The approach
presented in this study could be used as a practical reference guide to help enhance the competitiveness of the
photonics industry.
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[Table 1] Market size of photonics industry
(Unit: 1 million USD)

p 2012
Category 2003 2008 (estimated)
Global Market 225,666 338,180 493,936
Domestic Market 11,735 24,250 46,034
(Ratio) (5.2%) (7.2%) (9.3%)

Source: Korea Association for Photonics Industry Development

kg B A= Table 294 72o] 2001 oF
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[Table 2] Number of domestic photonics firms

Region Nn. of Industrial sector Nn. of
firms firms
G . 329 Optical 353
waneu (15.29%) Communication | (16.3%)
Other regions 1841 8? pggielsezl:rrgs; 988
& (84.8%) : (455%)
Devices
Seoul, 1,428 Optical Precision 267
Kyonggi (65.9%) Instruments (12.3%)
Gangwon, 167 Optical 239
Chungcheong (7.7%) Materials (11.0%)
Jeolla 63 Optical Information 219
(except Gwangju) | (3.1%) Instruments (10.1%)
Greongsan 178 Optical 104
VEonSSANE | (g19) Instruments (4.8%)
2,170 2,170
Total 100%) Total 100%)

Source: Korea Association for Photonics Industry Development
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T i) Hofoll A 353 oS AdlEte ofel AR FEAM| AME3 AR 7| dlolE e 719 AHEDB
o oHlEA RS AN AAES Fualn A A 3 Bed] BA AN B 9EH02 AABES 8
o= FAAHA) AAAYE B w, B 3 F 3800 BARIAE H)H (purposive
o WAESE FAFWHE ok Aquh £ 378 4 quota sampling)el oJs) EEOZ FEeich
=o] HlaA g2 $EE wolal glom, ante] AAlE
Nsd MAAAE S5 3548 A3|ete] nlaA = [Table 4] Distribution of the sample data used for
analysis
% 2= 0. ) o= ol == AL 3} &
TES HERT of= e 35 daksdel disk & Sector Sub-sector No. of firms
/3 Ao Aol 710% Aoz kst 4= 9l Optical Communication | 46
Optical Systems (11.9%) 93
Communication Optical Communication 47 (24.0%)
[Table 3] Competitiveness of Gwangju’s photonics Components (12.1%)
industry Optical Sources Optical Sources (35145;) 1%
Category i?jii$a1 Quality| Price 23111 l\lza?igf O%zjizs ome Opto-Electronic 18| (351%)
_ e b atenals Components (4.6%)
Whole region 3.39 3.57 | 330 354 3.25 12
- Optical Lasers o
Gwangiu 371 | 371 | 358 | 363 | 346 Precision (3.1%) | 50
Optical Instruments Optical Measurments 38 (12.9%)
ca 372 369 | 354 365 3.46 & Optical Sensor (9.8%)
Communication 18
Optical Sources Optical Optical Elements (46%) 50
& Optoelectronic|  3.70 372 | 367 361 346 Materials ] 32 (12.9%)
Devices Optical Components 829%)
Optical Ontical Optical Data Systems 10
Precision 3.50 367 | 333 3.58 3.33 InfOI[')maLion and Storage Media (2.6%) 39
Instruments . 29 (10.1%)
Instruments Displays
Optical (75%)
Materials 375 375 | 350 3.56 3.44 Optical Inspection 10
- Optical Instruments (2.6%) 20
Opt1c4 _ _ Instruments Photographic 10 (5.2%)
Ilnfonndmor{ 3.75 350 | 3.75 4.00 3.75 Ins ents 2.6%)
nstruments Total 388(100%)
Optical .
Instruments 4.33 400 | 367 367 3.67
EOo =EHA
Note: A five-point rating scale was used for all analyses. 3.2 "'|=I H IA—I'EﬁTgl tlg
Source: KIET, Photonics 2020 planning study, 2010. A(E ’ﬂ' }‘é B @' oﬂ (}}]\ 01 /\1 = 3—?:31' o Zﬂ—‘i = 0}:} ax q_ }\\l'
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[Table 5] Descriptive statistics of input and output MPIE TECI®} TCIZ &38)3lal, TECI= 4] PECI<:
variables SECIZ £33} u} Table 6614 TECI:= 41717k S
. Standard | Coefficient
Variables Mean | jeviation | of variation 4960] 7k HR1 WA, TCL= 3%9] 7= 5 =7k )l
N | oo | e | 0 Aoz ekt Bael A F7hs 7167 284
Gross capital Z7 ol 71918 RS & 4= At} ®Esk PECIZ}F SECIOl H]
Input e 24919.7 | 61,245.3 25 _
(million KRW) 3] =8 ZHS "ol QojA o]Eld 7=A g8l 3
R&D expenditures 900 18616 21 o (PSP o
(million KRW) ool ' FQlo] FREHEGE £58 84 Wl s
Output (n;?fjrl] SaK;\Sm 256102 | 687803 27 o = Qv wEbA 5 Fakgd el AtasA Alas 9l
A= &4 R&D FAE B3 7199 71«4l 9%
& 7alale QA H2e] o] & 3} 2= 9lt}
3.3 MAIM B3} 2 S Aslele A A2 sliade] Fasirtal & 4 9tk
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[Table 6] Malmquist productivity change index

Sector Sub-sector | Period | TECI [LBUB] | PECI [LBUB] | SECI [LBUBI | TCI [LBUBI | MPI [LBUBI
A T1 | 095 1 [092,098] | 096 | [0.84,1.12] | 097 [0.79.1.061 | 103 | 10,1071 | 0.98 | [098,099]
Com?nrgrllciilation T (112 103133 [ 115 [11128] | 096 [0881] | 088 [074095) | 097 096,099
- 112 e8] | 108 1102121 [ 103 0981121 | 088 10820911 | 098 | [097,099]
Optical Mean | 106 [101,115] | 106 1098121 | 1,00 0881061 | 093 10850971 | 098 [097,099]
Communication , TI | 103 | [087,L07) | 101 | [08L,108] | 102 [0.99.1.23] | 105 [L02,L.14] | 108 | [097,L.11]
Comgﬁi von | T2 101 0891320 | 104 (0981261 | 094 10790991 | 059 10721011 | 059 0s7.1]
oo |3 LT 0181 125 1098141 | 094 10881241 | 090 (080971 | 106" T1031.14]
Mean | 107 10951231 [ 109" 10921241 | 098 T0.881.141 | 094" [0841.04] | 101 [095,1.08]
T1 093 [09097] | 091 | [051,1.03] | 104 | [0.87,184] | 104  [L0L,109] | 097 | [096,1]
Optical T [ 108 10970320 [ 101 10881161 | 106 | (0921211 | 085 [0.7,093] | 091 [0.90.94]
Optical Sources T3 1137 11081221 | 098 [0851.16] | 115 [0.961.361 | 093 10860981 | 105 | [1.04107]
Sources & Mean | 104" [098,116] | 096 1072111 | 109 0921451 | 094 [0841] | 098 [0971]
Optoelectronic T1 | 121 [098,156] | 126 | [0991.44] | 092 [0.77,1.171 | 130 | (1141521 | 157 | [1.25,204]
Devices Opto-Electronic | T2 | 087 [068,125] | 087 | 10.76,0.05 | 098 © 0811111 | 072 10520921 | 062 [0560.7]
Components | T3 | 076 [066097] | 087 107511 | 090 | 082,101 | 133 [1121471 | 102 [0.95,1.12]
Mean | 093 10761241 | 098~ 10821151 | 094 108109 | 108 10871271 | .00 [087,117)
TI | 090 | [083091] | 101 | [084,1.12] | 089 [0.79,1.06] | 103 . [LOL,106] | 092 | [092,093]
Lo 1237 1161381 | 105 10971181 | 116 1041281 | 086 [0.7609] | 105 | [1.05,1.06]
, 106 Troat11] | 101 10841171 [ 106 1091291 | 097 10940991 | 104 1 [1.03,1.04]
P?epcti‘:‘;n Mean | 105 [102,112] | 101 10881161 | 1047 109112 | 095 [09098] | 1.01 " [1.0,1.01]
pson vt TU | 110 (104113 | L5 [10312] | 09 @ [0921] | 104 [L02107] | L.14  [L11,115]
Veaopeal 112 T 213110 1105121 099 (0961061 | 081 10710921 | 095 1095305
Ontenl Sy | T3 | L1 1071171 | 094 T087.1021 | 117 (1141221 | 104 (0961081 | 115 112110
Mean | 111 (1041211 | 106 10981141 | 104 [10,108] | 097 10881021 | 107 | [1.05,1.08]
T1 092 [086098) | 061 | [0510.72] | 150 | (1341681 | 106 [10,1.14] | 097 | [095,1]
Optical 182 1522331 | 136 11961500 | 133 [1L121511 | 087 10671051 | 157 | [138,1.69]
Elements 095 10821081 | 103 10931131 [ 091 [0831.021 | 123 [1.0614] | 116 [111,124]
Optical Mean | 117 | 1102135 | 095 10841001 | 123 11071371 | 104 1089,0191 | 121 [113,1.28]
Materials T1 | 095  [091,097] | 096 | [086,1] | 098 [0.961.02] | 105  [LO2109] | 099  [0.99.1]
Optical 1067 10801271 | 109 1105121 [ 097 109411 | 089 10741041 | 094 | [092,095]
Components | 13| 108 1031281 | 098 10921081 | 109" T1071.121 | 091 1080961 | 099 [0981.1]
Mean | 103" 1094117 [ 101 10941001 | 1027 [099.1.05] | 095 [085,1.03] | 097 1096,1.02]
, T1 | 099 [092,105] | 097 | (0751081 | 099 [0.951.05] | 105 [098,1.13] | 104 | [1.02,1.08]
Data(;f;t;ijms o |2 0% TosLia | 104 [0s813] | 098 (0921020 [ 096 10691111 | 094 [089,101]
, ) ™S S 107 1099121 | 104 081,131 [ 100 0981131 | 084 [0.7509] | 090 | [088,093]

Optical Storage Media - o = N
e Mean | 102 1091220 | 101 1081122 | 100 10951071 | 095 0791041 | 096 = [0931]
ormation T1 | 098 [081,102] | 101 | [085107) | 097 [0.93.1.041 | 105 [101,1.15] | 103 | [092,1.05]
Displase 130 a7 | 18 37 [ 108 o214l | 077 10590911 | 099 [097,1.11]
T3 (099 10841131 [ 151 112917 | 067 1 106308 | 119 [102142] | 118" [1.11.21]
Mean | 108~ 091,126] | 121 11061361 | 089 | [0.840981 | 099 [085,1.14] | 1.06 " 1099,112]
, T1 | 073 [071,081] | 073 | [06084] | 100 [0841.22] | 102 [1.0,L06] | 0.75 | [0.73,083]
In‘z%?in 1207 14141 | 1187 [1061441 | 101 (0851151 | 086 10750921 | 105 [1.04,1.06]
et 3| 119 11161251 | 102 0881211 | 118 (0991361 | 091 [086093] | 108 [107,108]
Optical Mean | 102 1098,112] | 095 10821131 | 107 10891241 | 093" [086,097] | 094" [093,098]
Instruments T1 | 089 [086092) | 095 | [08,109] | 093 | [082,11] | 104 [LOL,108] | 093  [092,095]
Photographic | T2 | 109 [101,128] | 118" 1107148 | 091 (0781011 | 088 10750941 | 095 | [0.95,096]
Instruments | T3 | 089 [087095] | 072 [066084] | 123 11081341 | 088 © [08309] | 078" [0.77,0.79]
Mean | 095 [091,104] | 093" [083,111] | 103 [0.881.141 | 093 10860971 | 088 [0.8709]
T1 | 096  [088,102) | 096  [0.761.05] | 100 | [09,118) | 106 [1L02,113] | 1.02 . [097,107]
Total photonice incustry 1147 01421 | 110 1101281 [ 102 0911111 | 085 10690961 | 097 | [093,1.01]
104 10971150 | 102 1089117 | 102 10931151 | 099 10891061 | 103 [1.0,1.07]
Mean | 104 1095,119] | 103" 10881161 | 101 10921151 | 097 1086,1.05] | 101 [097.1.05]

Note: LB denotes the lower bound of the 95% confidence

interval and UB denotes its upper bound.
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[Table 7] Results of Mann-Whitney U test

. . Mean Z
Grouping variable Mean Rank U (p-value)
Government Recipient 1.07 | 2259 -1.82

R&D Support | Non-recipient | 1.01 | 191.1 (0.07)

Firm Gwangju 1.08 | 2321 -2.33
Location Other regions | 1.01 | 189.9 (0.02)
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