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Abstract

Telecommunications is an important knowledge-based industry. The
importance of its productivity and efficiency can not only provide better
services but also promote the economic development through inter-industrial
relationships. Therefore, the current performance of our telecommunication
industry in terms of productivity and efficiency, as well as the underlying
factors which influence the productivity and efficiency become urgent tasks
needed to be carefully investigated. Telecommunications is a high-tech industry
based on huge knowledge inputs, especialy when facing the rising competition
after its liberalization; operators must accumulate more knowledge capital to
induce the quality improvement of outputs and inputs to promote operations
efficiency. This study thus tries to investigate the role of knowledge-based
economics and deregulation policies on the productivity and efficiency change
in Taiwan telecommunication. We employ stochastic frontier analysis(SFA)and
specify flexible transdlog production function to estimate the technical change
and technical efficiency of Chunghwa Telecom's(CHT) ; 1968-2002
fixed-network telephone and international telephone, local
telephone(1981-2002) and toll telephone(1981-2002). The SFA models also
take the factors which influence efficiency into account, and then construct
regression models to analyze the factors that effect the technical change.

The empirical results show that: 1) The percentage of digital switch,
optical fiber, international direct dial telephone has positive effects on the
technical change of fixed-network telephones. 2 ) Enhance the degree of
education, the investment of research and training equipment and working
experience can promote the technical progress of the local telephone. Increase
the investment of research and training equipment and the hire of research
labors can enhance the technical change of the toll telephone and the
international telephone respectively. 3)The deregulation policy in 1996 allowed
the introduction of competition in the mobile telephone which caused the
significant decrease of productivity in the toll telephone. 4) After performing
the price-cap regulation in 2000, CHT adopted the preferential price strategy in



international telephone in response to the deregulation of the fixed-network
which also caused the decreased of productivity in international telephone.

Key Words: Telecommunication Industry, Productivity and Efficiency,
Stochastic Frontier Analysis (SFA).
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FiUR 1968-2002 | 1968-2002 | 1968-2002 | 1968-2002 | 1981-2002 | 1981-2002 | 1981-2002
P -1.81717 -1.60523 -9.78620 -9.77476 | -735.62092 | -218.57245 | -218.18619
0 (-0.051) (-1.532) (-9.986) (-10.059) | (-737.859) | (-4353.220) | (-207.419)
P 1.72159 1.81904 1. 63030 1.64068 -5.01859 -0.55483 -1.29145
t (1.743) (10.934) (10.073) (9.834) (-27.499) (-1.093) (-1.685)
P 29.86290 31.02914 13.29080 13.32147 | -48.90943 -3.13830 -0.38817
L (2.770) (14.726) (17.613) (21.201) (-56.466) (-4.235) (-0.510)
P -10.62382 | -11.54739 ] ] 51.95751 21.00397 25.48100
! (-1.334) (-8.089) (94.297) (27.345) (8.729)
P -7.73692 -7.71896 ] ] 71.89042 17.78510 12.11657
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P ] ] -10.76369 | -10.73596 ] ] ]
T (-12.207) (-5.863)
p -0.23377 -0.23576 0.16916 0.07940
B i i (-5.844) (-5.863) i (3.698) (2.377)
5 -0.11380 -0.12087 -0.03870 0.06767
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252 4A4SEF CHRRR I B RFF EF LR
E
# SV i s “F¥k
sex | ey | wex |
1968 - 0.3476 - -
1969 0.2386 0.3288 -0.0222 -0.0680
1970 0.3576 0.3046 0.0103 0.0427
1971 0.3055 0.2866 0.0003 0.0186
1972 0.2752 0.2652 0.0023 0.0076
1973 0.3599 0.2600 0.0129 0.0870
1974 0.0487 0.2400 -0.0897 -0.1016
1975 0.3692 0.2171 0.0779 0.0742
1976 0.1955 0.1961 -0.0053 0.0047
1977 0.2312 0.1769 0.0109 0.0434
1978 0.2225 0.1613 0.0047 0.0565 [ 1978 & M 43k R T 2 B IR TE
1979 0.1182 0.1422 -0.0061 -0.0180
1980 0.0750 0.1230 -0.0246 -0.0234
1981 £-1989 & (F[ T 2 ¢ fee k&% |0 B
1981 0.1645 0.1075 0.0048 0.0522
EHB TG RG Eiie BRI
1982 0.1552 0.1038 0.0160 0.0355
1983 0.1722 0.1030 0.0101 0.0591
1984 0.0503 0.1021 -0.0082 -0.0437
1985 0.1005 0.1037 -0.0009 -0.0022
1986 0.0822 0.1068 -0.0068 -0.0178
1987 0.1426 0.1129 0.0087 0.0210
1988 0.0657 0.1127 -0.0140 -0.0329
1989 0.1502 0.1115 0.0117 00270 J11989 & 6 » A A By H T E L
1990 0.1025 0.1038 -0.0008 -0.0006 f| 1990 # & x4 i * 4 ok
1991 0.0835 0.0929 -0.0069 -0.0024 | 1991 & i 7 £ £ 2 H M
1992 0.1218 0.0947 0.0073 0.0197
1993 0.1194 0.0977 0.0041 0.0176
1994 0.1246 0.1036 0.0033 00178 | € & ¢ 221 o )32 100%
1995 0.0534 0.1085 -0.0120 -0.0431
1996 0.1465 0.1084 0.0092 00289 1996 & 7% ¢ 7z
1997 & 17" B 7d %
1997 0.0474 0.1138 -0.0201 00464 N\ T
B FEHC e B 100%
1998 0.1398 0.1164 0.0100 0.0134
1999 0.2116 0.1147 0.0165 0.0804
2000 0.0172 0.1133 -0.0159 -0.0802 /2000 # 3 7 B E S HF v L TE 4
2001 0.1008 0.1155 -0.0043 -0.0103 2001 & ¢ rie Al ¥ E 4 > 5 ¥
2002 0.1526 0.1234 0.0105 0.0186 '
T iaiE
1969-2002 0.1559 0.1549 -0.0002 0.0013
1996-2002 0.1116 0.1162 -0.0005 -0.0041
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252 2 A4 XEF HFEHFF TR F 5225
e
# EW- 3 i | B tEE
sex | wes | ges | T
1968 - 0.4286 - -
1969 0.3189 0.4026 -0.0485 -0.0352
1970 0.2443 0.3690 0.0327 -0.1574
1971 0.1664 0.3442 0.0019 -0.1797
1972 0.2611 0.3146 0.0019 -0.0554
1973 0.2748 0.3083 0.0183 -0.0518
1974 -0.1794 0.2807 -0.1421 -0.3180
1975 0.1671 0.2489 0.1181 -0.1999
1976 -0.0260 0.2198 -0.0029 -0.2429
1977 0.1234 0.1933 0.0138 -0.0837
1978 -0.0671 0.1721 0.0139 -0.2530 [ 1978 & B hodk RS T L E BIRTE
1979 -0.0895 0.1458 -0.0200 -0.2153
1980 -0.1934 0.1193 -0.0711 -0.2416
1981 £-1989 R [T i ¢ fead k3 H > P
1981 -0.4213 0.0982 0.0448 -0.5642
B kg Bt s kgL
1982 0.0254 0.0940 0.0244 -0.0930
1983 0.0669 0.0940 0.0204 -0.0475
1984 0.0119 0.0940 -0.0118 -0.0703
1985 0.0424 0.0974 -0.0059 -0.0490
1986 0.0526 0.1030 -0.0197 -0.0307
1987 0.1181 0.1131 0.0213 -0.0163
1988 0.0305 0.1139 -0.0505 -0.0328
1989 0.1651 0.1133 0.0593 00075 J11989 &£ 6 " B xs A B yEAH TS ER
1990 0.0671 0.1035 -0.0078 -0.0286 || 1990 # & x4k i * 4 ek
1991 -0.1043 0.0889 -0.0178 -01754 11991 & i 5 2 £ ER
1992 0.0312 0.0927 0.0161 -0.0776
1993 0.0342 0.0982 0.0092 -0.0731
1994 0.0682 0.1079 0.0057 00454 | £ i 7 dc it i 100%
1995 -0.0289 0.1161 -0.0276 -0.1174
1996 0.0863 0.1171 0.0168 00476 1996 & 7 ¢ BT a1
1997 -0.0063 0.1261 -0.0850 -0.0474 1997 & 17 Baefrde T g4
g i )i 100%
1998 0.1037 0.1311 0.0162 -0.0435
1999 0.1567 0.1298 0.0676 -0.0407
2000 -0.0253 0.1289 -0.0936 -0.0606 /2000 & 3 7 B E S HF v L T 4
2001 -0.0243 0.1332 -0.1109 -0.0466 [ 2001 & ¢ Tt A ¥ E 4 2 5 Y
2002 0.0607 0.1459 -0.0470 -0.0383 | '
T iaiE
1969-2002 0.0445 0.1711 -0.0076 -0.1190 |
1996-2002 0.0442 0.1325 -0.0421 -0.0462

82




252 2 A4 SRS HpERR S o R85 58 ()
HEw#1
# EW- 3 i | B tEE
sex | wes | ges | T
1968 - 0.1681 - -
1969 -0.0488 0.1487 -0.1679 -0.0296
1970 0.3302 0.1399 0.1572 0.0331
1971 0.1938 0.1151 0.0246 0.0541
1972 -0.0755 0.1018 -0.1208 -0.0565
1973 0.2125 0.0730 0.1005 0.0390
1974 -0.1017 0.0148 -0.1186 0.0021
1975 0.1398 0.0079 0.1086 0.0233
1976 -0.0144 0.0102 -0.0169 -0.0077
1977 0.0627 0.0176 0.0311 0.0140
1978 0.0456 0.0181 0.0105 0.0170 [ 1978 & B 453k BB T 3 B BRI
1979 -0.1892 0.0129 -0.1536 -0.0485
1980 0.1618 0.0161 0.1263 0.0194
1981 £-1989 R [T i ¢ fead k3 H > P
1981 -0.0613 0.0026 -0.0579 -0.0060
B kg Bt s kgL
1982 0.0820 0.0050 0.0629 0.0141
1983 -0.0237 0.0179 -0.0256 -0.0161
1984 0.0608 0.0081 0.0329 0.0197
1985 -0.0490 0.0185 -0.0449 -0.0226
1986 0.0471 0.0292 0.0193 -0.0014
1987 -0.0404 0.0396 -0.0645 -0.0156
1988 -0.0209 0.0488 -0.0578 -0.0118
1989 0.2914 0.0475 0.1696 00743 1989 & 6 " B A Al 5 B yRiTH TSR
1990 0.0121 0.0394 -0.0076 -0.0197 J| 1990 # fs 4§ * 4 Wk
1991 0.0084 0.0414 -0.0130 -0.0200 | 1991 & i 5 2 £ ER
1992 -0.0188 0.0553 -0.0484 -0.0257
1993 0.0755 0.0655 0.0129 -0.0029
1994 0.0837 0.0765 0.0102 00031 | £ 7 mHcr it )i 100%
1995 0.0881 0.0891 0.0042 -0.0051
1996 0.0720 0.1053 -0.0200 00133 1996 & 7 ¥ EF a0
1997 0.1417 0.1237 0.0217 -0.0037 1997 & 17 Baefrde T g4
g i )i 100%
1998 0.1692 0.1404 0.0225 0.0063
1999 0.1922 0.1566 0.0149 0.0207
2000 -0.1248 0.1689 -0.2176 -0.0761 2000 & 3 7 B E S HF v L T 4
2001 0.2694 0.2236 0.0652 -00195 [ 2001 & ¢ 7ie Al ¥ E 4 > 5 ¥
2002 0.4267 0.2661 0.1425 0.0180 | '
T iaiE
1969-2002 0.0705 0.0719 0.0001 -0.0015 |
1996-2002 0.1638 0.1692 0.0042 -0.0097
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252 2 A4 SRS HpERR S o R85 58 ()
F'ER#2
# EW- 3 i | B tEE
sex | wes | ges | T
1968 - 0.1675 - -
1969 -0.0439 0.1494 -0.1593 -0.0339
1970 0.3358 0.1419 0.1538 0.0402
1971 0.2059 0.1183 0.0223 0.0653
1972 -0.0661 0.1064 -0.1002 -0.0723
1973 0.2295 0.0787 0.0914 0.0594
1974 -0.0842 0.0215 -0.0890 -0.0167
1975 0.1457 0.0160 0.0868 0.0430
1976 -0.0064 0.0197 -0.0098 -0.0163
1977 0.0660 0.0287 0.0149 0.0225
1978 0.0587 0.0306 0.0057 0.0224 § 1978 & B 43k BB T 3 B BRI
1979 -0.1770 0.0267 -0.1252 -0.0786
1980 0.1692 0.0314 0.1072 0.0307
1981 £-1989 R [T i ¢ fead k3 H > P
1981 -0.0477 0.0193 -0.0494 -0.0175
B kg Bt s kgL
1982 0.0941 0.0231 0.0494 0.0217
1983 -0.0061 0.0376 -0.0209 -0.0228
1984 0.0765 0.0291 0.0238 0.0236
1985 -0.0299 0.0410 -0.0402 -0.0307
1986 0.0665 0.0532 0.0147 -0.0014
1987 -0.0128 0.0652 -0.0593 -0.0187
1988 0.0020 0.0759 -0.0593 -0.0145
1989 0.3114 0.0761 0.1577 00776 [ 1989 # 6 * B A A 2 EyFEH T L0t
1990 0.0649 0.0693 -0.0015 -0.0030 || 1990 # & x4 i * 4 ek
1991 0.0469 0.0727 -0.0061 -0.0198 | 1991 # 4 7 28 £ M
1992 0.0231 0.0882 -0.0279 -0.0373
1993 0.1186 0.1000 0.0146 0.0040
1994 0.1057 0.1124 -0.0003 00064 | £ 23 dc it )i 100%
1995 0.1272 0.1266 0.0037 -0.0031
1996 0.0915 0.1444 -0.0271 00259 1996 & 7 ¢ EE a0
1997 0.1824 0.1644 0.0186 -0.0006 1007 & 1% oeimd LR id
R g )i 100%
1998 0.1841 0.1827 0.0057 -0.0042
1999 0.2071 0.2005 0.0069 -0.0003
2000 -0.1006 0.2143 -0.2840 -0.0309 [/ 2000 # 3 1 B g H B F 5 e rLE
2001 0.3126 0.2709 0.0605 -0.0188 || 2001 i ¢ irie Fpe E E b » 5
2002 0.4638 0.3152 0.1477 0.0009 '
T pniE
1969-2002 0.0916 0.0956 -0.0022 -0.0018
1996-2002 0.1916 0.2132 -0.0102 -0.0114




%52 2424 3EF PR F S TR F L EED)
WP R
+# i A By g — ~ ¥ %
£ F R $# 5
1981 £-1989 & 7[R 5 @ AR | P
1981 - -0.0269 - -
LR ST !
1982 0.0260 0.0159 0.0315 -0.0214
1983 0.1166 0.0498 0.0838 -0.0170
1984 0.1407 0.0719 0.0798 -0.0111
1985 0.0846 0.0933 0.0020 -0.0107
1986 0.0395 0.1078 -0.0610 -0.0073
1987 0.1207 0.1212 0.0063 -0.0067
1988 0.1115 0.1347 -0.0165 -0.0067
1989 0.2125 0.1520 0.0691 -0.0086 1989 & 6 % B3xd Bl BB EFH T E LR
1990 0.0330 0.1669 -0.1265 -0.0075 1990 & ts g * £ Kok
1991 0.2103 0.2339 0.0099 -0.0335 1991 # %ig BEELEESR
1992 0.3329 0.2686 0.0816 -0.0173
1993 0.2703 0.3020 -0.0150 -0.0166
1994 0.2477 0.3261 -0.0664 00120 | £ i § :mlci it 53 100%
1995 0.1805 0.3610 -0.1631 -0.0174
1996 0.4964 0.3828 0.1245 -00108 [ 1996 & 7 ® ¢ % ; P
1997 0.4932 0.4044 0.0995 -0.0107 1997 & 17 Boeim e i 3 ar
GAS R LTI 4 100%
1998 0.4008 0.4250 -0.0140 -0.0102
1999 0.5026 0.4503 0.0649 -0.0126
2000 0.3959 0.4699 -0.0642 -0.0097 2000 & 3 * @ ’%tﬂﬁ}ta"* Bgow et T 41
2001 0.5559 0.4932 0.0740 -00113 [ 2001 & ¥ 7 A ¥ K p i~ 0
2002 0.2076 0.5070 -0.2924 -0.0071
T
1982-2002 0.2466 0.2637 -0.0044 -0.0127
1996-2002 0.4361 0.4475 -0.0011 -0.0103

85




252 4 A4 S EF PR S  HmTF $60 5 5358 % ()
LRl
# ié 4 Bl | e P TR E
* & K EHh 5 R F
1981 £-1989 # 4 {7[T 7 ¢ AR X H |0 P
1981 - 0.2540 - -
AR S |
1982 0.1426 0.2428 -0.0965 -0.0038
1983 0.2591 0.2424 0.0196 -0.0029
1984 0.3817 0.2448 0.1359 0.0010
1985 0.1271 0.2246 -0.1118 0.0143
1986 0.2538 0.2044 0.0305 0.0189
1987 0.2823 0.1753 0.0820 0.0251
1988 -0.0505 0.1460 -0.2189 0.0224
1989 0.2515 0.1310 0.1041 00165 J/1989 & 6 » B cA Al 2 B yRiTH T E L ir
1990 0.0539 0.1160 -0.0773 00152 J/ 1990 & (s H4F g+ 4 Kok
1991 0.1747 0.0927 0.0608 0.0212 | 1991 i 337 28 £ 2 FHR
1992 0.0950 0.0714 0.0011 0.0225
1993 0.1197 0.0484 0.0445 0.0268
1994 0.1282 0.0243 0.0740 0.0299 [ £ & T 21t v b 100%
1995 0.0069 0.0078 -0.0301 0.0292
1996 0.0558 -0.0182 0.0367 0.0373 [ 1996 # 7 * ¢ = ; A
1997 -0.3394 -0.0350 -0.3386 0.0342 1997 & 1% Bocimd Lie ki
GAS R LTI 4 100%
1998 0.0555 -0.0355 0.0602 0.0308
1999 0.2395 -0.0587 0.2542 0.0440
2000 -0.0102 -0.0871 0.0309 0.0459 [ 2000 # 3 * B %zrwm T gt g A
2001 -0.3318 -0.1164 -0.2584 00430 §12001 & ¢ Atie Fe ¥ F e » G4
2002 0.0696 -0.1857 0.1869 0.0683
T iaE
1969-2002 0.0936 0.0683 -0.0005 0.0257
1996-2002 -0.0373 -0.0767 -0.0040 0.0434
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252 4 A4 S EF PR S  HmTF $60 5 5358 % ()
iR 2
# ié 4 Bl | e P TR E
* & K EHh 5 R F
1981 £-1989 # 4 {7[T 7 ¢ AR X H |0 P
1981 - 0.1247 - -
AR S |
1982 0.1113 0.0992 -0.0001 0.0121
1983 0.0848 0.0990 -0.0020 -0.0121
1984 0.1065 0.0951 0.0014 0.0100
1985 0.0775 0.0888 -0.0023 -0.0090
1986 0.1132 0.0759 0.0042 0.0331
1987 0.1131 0.0919 0.0023 0.0189
1988 -0.0197 0.0824 -0.0208 -0.0814
1989 0.0923 0.1090 -0.0384 00217 J/1989 & 6 » B cA Al B yRiTH T E LI
1990 0.0145 0.1091 -0.0885 -0.0060 [ 1990 # s FkHF i * A ek
1991 0.2542 0.1104 0.1252 0.0186 | 1991 i i 7 ;28 £ 2 FH
1992 0.0451 0.0983 -0.0448 -0.0084
1993 0.1487 0.0915 0.0420 0.0151
1994 0.1517 0.0862 0.0201 0.0454 [ £ & T 281t b 100%
1995 -0.0277 0.0749 -0.0541 -0.0486
1996 0.0668 0.0705 -0.0052 0.0015 [ 1996 # 7 * ¢ % ; A
1997 -0.3887 0.0623 -0.4689 0.0179 1997 & 1% Bocimd Lie ki
GAS R LTI 4 100%
1998 -0.0939 0.0640 -0.1480 -0.0099
1999 0.2395 0.0734 0.1613 0.0048
2000 0.0815 0.0860 0.0019 -0.0064 || 2000 # 3 * B %zrwm T gt g A
2001 -0.2589 0.0764 -0.3208 -00146 | 2001 # ¢ ATie Fle F F pE A b » G Y
2002 0.3330 0.0434 0.2579 0.0317
T iaE
1982-1995 0.0593 0.0851 -0.0275 0.0016
1996-2002 -0.0146 0.0676 -0.0861 0.0039
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7253 BHHuFET 244 1R

it W LAY FEF
#2£(1992)—= A e | 1976-1990 & 1.9%
b ¥ e (1995)—= & S | 1977-1993 & 5.0%
e 1977-1993 41 6.0%
1994-1998 i 9.9%
1969-1993 & 4.5%
##7 3 (2003)—SFA 2 1994-1998 i 4.5%
1999-2002 & 4.2%

%54 HEZZAA B

[y Heriel F T2 RETw 1 R% 25 2
B | 2| FR | FH || FR i # TR TR TR
2 A4 | AAEA |2 A4 |(2A4 244|244 244 |(AA4| 244 (244

1969-2002 # | 434 | 3378 | 1.172 | 399 | 3.001 | 0.914 | 2187 | 6744 | 1839 | 6882
1996-2002 # | 5972 | 0.148 | 0.211 | 4475 | 0.336 | 0.069 | 47467 | 2895 | 47551 | 2883
B R A RRE gl BRI 2
EN Fheo| | B O| FE || FR FE || R
2 A4 |2 AA |2 AA |2 A4 |2 A4 |2 A4 | A AEA (2A4| 2 AEA

1969-2002 = | 464 9.045 | 0.191 |-12864| 1189 | 336 5806 1756 209

1996-2002 & | 4224 | 1.259 | 0.111 |-11006| 404 378 11284 627 234
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£55 - gmFritss

i - A K F%Z T MR R T
Py 1968-2002 & | 1968-2002 # | 1981-2002 & | 1981-2002 i
¥ o7 0.3943 0.0429 -0.2463 0.0861
‘ (20.679) (1.042) (-5.038) (12.615)
5 = 0.0227
A 4 P (5.723)
T A BE R 0.0619
(% 1) (1.103)
bl I 1.1792
M) (0.730)
ek E NP S 1.7621
A S (2.292)
EES =PRI 0.5215
P ERE 3 3 (0.846)
R 0.1827 0.0250
e Hi L G (4.077) (1.886)
) B 40.6349 0.1511 2.3965
] o AT (9.136) (3.003) (2.4780)
L L e s -48.2230 -0.2281 -1.1009
RS (-3.296) (-2.730) (-4.001)
. 0.22120E-07
B (1.630)
s £ 02810602
WA T g L -0.3179E-02 -0.4800
RrmR A (-2.660) (-1.323)
TR Y -0.0406 -0.1103
1991-96 #=1> # # =0 (-2.015) (-3.995)
R® 0.896 0.739 0.995 0.597
Adj- R 0.873 0.682 0.994 0.526
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