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| _ [ | | [
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2007 2010

RD_E / 2827 2297 602| 501 131.9 | 618 339 RD_E / 10 658 | 4204 343 | 903 037.3 |1 104 188.2

RD_P/ 114 | 106 561 |23 996.6 | 24 402 RD_P/ 603 212 585 | 39 362.4 | 47 889.1
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PRO_NP / 41 14767 | 3745.6 | 3828.1 || PRO_NP / 83 24 443 | 5321.2 | 6075.9
ECO_LE / 558 | 5375 | 1750.7 | 1156.5 ECO_LE / 856 6605 | 2467.1 | 1420.6
RD_CLUS ( %) 0.003 2| 0.6126 | 0.1883 | 0.163 5 RD_CLUS ( %) 0.0100 | 0.5637 | 0.1779 | 0.146 1
FUN_STR ( %) 0.004 0| 0.1834 | 0.0425 | 0.034 3 || FUN_STR ( %) 0.0204 | 0.1762 | 0.0555 | 0.0356
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( PAP_APP) ( PRO_NP) . ( FUN_STR)
3 SFA
Table 3 Estimated results by SFA
( ) ( )
PR
RD_E RD_P PAT_APP PRO_NP
2001
-35.570™ | (15.090) - 10.400™ | (1.342) -0.374 (14.054) - 13.481™ | (1.125)
ECO-LEVEL 6.081° (2.303) 1.200™* (0.170) 0.465 (1.276) 1788 (0.173)
RD_CLUS -2.577 (5.981) 1.701* (0.748) -3.332 (3.471) - 1.451 (2.437)
FUN_STR 35.101 (25.599) 21.125™* (0.909) 15.610 (13.914) 16.091™* (1.079)
o’ 18.937 ™ (4.860) 38.863™ (1.083) 6.8817 (1.775) 20.727 (0.826)
y 8.4 x107° (0.011) 0.999™ (1.1 x 10™°) 2.9 x10°* (0.101) 0.999° (7.0 x 10°°)
Log-ikelihood function - 86.684 - 77.532 - 71.497 - 67.842
2004
- 34.859™ | (2.351) - 12.243™ | (1.379) 6.671 (11.449) 0.849 (8.640)
ECO-LEVEL 4,892 (0.319) 1.443™* (0.206) - 0.294 (11.408) 0.468 (1.284)
RD_CLUS - 8.662™ (2.286) - 3.094™ (0.784) -3.819 (3.643) - 4.327 (3.419)
FUN_STR 8.983 (1.567) 32.815™ (0.993) 18.473" (10.406) 19.813* (9.696)
o’ 31.065™* (0.958) 38.979 ™ (1.313) 7.790 (2.002) 6.865™ (1.778)
y 0.999™  |(5.9x 10°°) | 1.000™ |(1.7 x 107) 1.8 x 107° (0.008) 22x107° (0.028)
Log-ikelihood function - 76.860 - 76.414 - 73.361 - 71.464
2007
- 11.029 (11.037) - 6.816 (16.717) - 7.350 (23.236) 4.956 (12.334)
ECO-LEVEL 1.555 (1.134) 1.745 (1.525) 1.642 (1.304) 0.119 (1.373)
RD_CLUS - 10.875 (8.269) - 11.026™ | (5.087) -9.192* (4.093) - 8.300 (4.454)
FUN_STR -5.195 (3.865) 10.759 (17.047) 7.852 (13.017) - 1.453 (13.731)
o’ 61.369™ (0.985) 13.788™ (3.505) 9.994 (11.395) 10.243 ™ (2.602)
y 0.999™  |(6.3x107°)| 8.6 x 107° (0.057) 0.009 (1.738) 8.6 x 107° (0.056)
Logdikelihood function - 82.941 - 81.924 - 77.010 - 77.466
2010
- 26.395 (23.485) 11.197™ (0.189) -2.304 (14.142) 6.912 (11.312)
ECO_LE 3.146 (3.202) - 1.781™ (0.036) 0.928 (1.162) -0.262 (1.137)
RD_CLUS -9.770" (5.640) - 1.413™ (0.134) - 11.510™ (4.194) - 11.040™ | (3.752)
FUN_STR 24.110° (12.236) 17.338™ (0.765) 28.225™ (11.675) 17.561° (10.288)
o’ 56.010™* (0.767) 28.165 (0.951) 8.997 (2.296) 7.738 (2.046)
y 0.999** (0.010) 0.999™ | 2.8 x 1077 12x107° (0.021) 1.0x 107" (0.036)
Log-ikelihood function - 81.642 - 71.284 - 75.521 - 73.259
L T 10% 5% 1% ;2.
RAM

30 ) ( 4) 4
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4
N 3
3 .
2001 2004
4
Table 4 Technological R&D efficiency scores of provincedevel regions before and after adjustment
2001 2004 2007 2010
® @ ® )

0.971 | 0.950 1 0.948 | 0.859 ! 0.919 | 0.932 1 0.956 | 0.981 1
0.993 | 0.962 | 1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 -
0.975 | 0.938 ! 0.959 | 0.889 1 0.922 | 0.925 1 0.979 | 0.947 !
0981 | 0.950 | 0.978 | 0.872 | 0.969 | 0.931 | 0931 | 0.945 |
1.000 | 1.000 - 0.986 | 0.967 1 0.989 | 0.962 ! 0.984 | 0.969 !
0915 | 0.843 ! 0.874 | 0.755 ! 0.764 | 0.881 - 0.838 | 0.927 !
0.962 | 0.941 1 0.987 | 0.944 - 0.987 | 0.970 - 0.982 | 0.973 !
0923 | 0.893 - 0922 | 0.875 1 0.962 | 0.923 ! 0.956 | 0.959 1
0.987 | 0.976 - 0.895 | 0.906 1 1.000 | 1.000 - 0.784 | 0.957 1
0.961 | 0.917 | 0.807 | 0.887 1 0.634 | 0.849 - 1.000 | 1.000 -
0.984 | 0.972 1 1.000 | 1.000 - 0.976 | 0.979 1 1.000 | 1.000 -
0973 | 0.952 1 0.998 | 0.905 | 1.000 | 1.000 - 1.000 | 1.000 -
1.000 | 0.997 - 0.981 | 0.873 ! 0.935 | 0.933 1 0.976 | 0.954 !
0961 | 0.932 - 0.986 | 0.874 | 0.968 | 0.951 1 0973 | 0.967 1
1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 -
0955 | 0.924 | 0.908 | 0.885 1 0.920 | 0.924 1 0918 | 0.931 |
0952 | 0.912 ! 0.947 | 0.860 ! 0.943 | 0.922 ! 0.989 | 0.958 !
0.945 | 0.926 1 0.970 | 0.875 ! 0.979 | 0.945 ! 0.974 | 0.975 1
1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 1 1.000 | 1.000 -
1.000 | 1.000 - 0.992 | 0.947 - 0.998 | 0.987 ! 1.000 | 1.000 -
1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 -
1.000 | 1.000 - 1.000 | 1.000 - 1.000 | 1.000 - 0.995 | 0.990 -
1.000 | 1.000 - 0.896 | 0.863 1 1.000 | 1.000 - 1.000 | 1.000 -
1.000 | 1.000 - 0.996 | 0.954 ! 1.000 | 1.000 - 0.999 | 0.997 -
0.990 | 0.986 1 0.992 | 0.976 1 0.999 | 0.988 | 0989 | 0.991 1
0.908 | 0.854 1 0.914 | 0.806 ! 1.000 | 1.000 - 0.966 | 0.975 1
0.955 | 0.940 1 0.957 | 0.942 1 0.993 | 0.974 ! 0.983 | 0.987 1
0.997 | 0.996 - 1.000 | 0.986 - 0.998 | 0.995 1 0.997 | 0.995 -
1.000 | 1.000 - 1.000 | 1.000 - 0.996 | 0.993 1 0.999 | 0.997 -
0.986 | 0.980 1 1.000 | 0.991 - 0.998 | 0.983 ! 0.996 | 0.988 !

0.976 | 0.958 0.963 | 0.923 0.962 | 0.965 0.972 | 0.979

® = “r “v
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Enhanced hybrid three-stage model for efficiency measure with application to
technological R&D efficiency

CHEN Kai-hua' WANG Shou—yang” KOU Minging’

1. Institute of Policy and Management Chinese Academy of Sciences Beijing 100190 China;
2. Academy of Mathematics and Systems Science Chinese Academy of Sciences Beijing 100190 China;
3. School of Management University of Chinese Academy of Sciences Beijing 100190 China

Abstract: This paper proposes a flexible and enhanced hybrid three-stage model for efficiency measure RAM-
SFA-RAM without the mandatory adjustment of the effects of environment factors and statistical noise which
is based on the comprehensive discussions and review of extant hybrid three-stage models for efficiency
measure with adjustments for the effects of contextual environment and statistical noise. In contrast to the exist—
ing models our hybrid model not only obeys the non-inear productive functional relationship between the en—
vironmental factors and slacks in estimating slacks and in adjusting the inputs and outputs to reduce the bias of
efficiency estimation but also takes advantage of the RAM which can present a new approach of adjusting the
different effects of environmental factors and statistic noise based on both inputs and outputs. More
importantly our model takes full advantage of the translation invariance of the RAM to deal with the non—posi—
tive values which can only work for existing models by arbitrary positive adjustments in virtue of the maximum
or minimum of estimated slack datasets and avoids the bias of efficiency estimation. In the empirical study
this article applies this new model to measure the research and development efficiency of large-and medium—
sized industrial enterprises at China’s provincial level to show that our method presents a feasible modelling
approach of objectively comparing efficiency scores.
Key words: data envelopment analysis ( DEA) ; hybrid three-stage model for efficiency measure; range-ad—
justed measure ( RAM) ; stochastic frontier analysis ( SFA) ; technological research and develop—

ment efficiency; China’ s large and medium-sized industrial enterprises



