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Background: We measured productivity changes of regional public hospitals using both global Malmquist productivity index—
based on global production possibility set over all the periods— and the traditional Malmquist productivity index and analyzed the

factors of productivity change.

Methods: The data used in this study is two annual inputs and two annual outputs of 32 regional public hospitals in Korea from
2005 to 2009 and the results such as distances and Malmquist productivity index and global Malmquist productivity index are ob-

tained by an R program written for this study.

Results: The results can be summarized as follows. Firstly, technical efficiencies of regional public hospitals are affected largely by
scale efficiency than pure technical efficiency. Second, productivity progressed and technological change has more significant in-
fluence on productivity advance over the period between 2005 and 2009. Third, the circularity problem of the traditional Malmquist
index is confirmed, and so the global Malmquist index without this problem are valid for the analysis.

Conclusion: Though this study also has some limitations with the data of regional public hospitals with a short time span, it is the
first study of hospitals using global Malmquist productivity index and later it can be expanded to private hospitals and longer time

periods.
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Table 1. Basic statistics of inputs and outputs of general public hospitals (unit: person, piece)

Year
2005 2006 2007 2008 2009
Beds 256+ 130 252+128 2524129 258+125 2574128
Physician, nurse 102458 10761 10963 11775 12174
Inpatient 79,066 + 44,204 78,514+44,206 75,842+ 42 466 77,520+ 40,744 86,719+48,677
Outpatient 114,853+ 59,504 120,123+61,952 120,880+60,448 125,819+61,333 143,111+£64,244
Values are presented as mean + standard deviation.
Table 2. Productivity index change of general public hospitals
Year

Public hospitals 20052006 2006-2007 2007-2008 2008-2009 Average

M_0 L M0 L M_0 L M_0 L M_0 L
Gangneung 0105 -0.052 0123 0.060 0158 -0.078 0.689 0.185 0.137 0.029
Gangjin 0.110 0.054 0.015 0.008 -0.004 -0.002 0.078 0.039 0.050 0.025
Gongju 0.032 0.016 0.014 0.007 -0.023 0.012 0.040 0.020 0.015 0.008
Gunsan 0.076 0.038 0141 -0.07 -0.01 -0.005 0.113 0.056 0.009 0.005
Gimcheon 0.048 0.024 -0.084 -0.042 0.035 0.017 0.069 0.034 0.017 0.009
Namwon 0.097 0.047 0.026 0.013 -0.032 -0.016 -0.005 -0.003 0.021 0.010
Daegu -0.045 -0.022 -0.078 -0.039 -0.003 -0.001 0.05 0.025 -0.019 -0.009
Masan -0.039 -0.019 -0.004 -0.002 0.04 0.02 0.005 0.003 0.000 0.000
Mokpo -0.005 -0.002 0.072 0.024 -0.162 -0.066 0.139 0.064 0.0M 0.005
Busan 0.062 0.031 011 -0.055 -0.015 -0.007 -0.003 -0.001 -0.016 -0.008
Segwipo 0.000 0.000 0.004 0.001 -0.105 0.05 -0.063 -0.031 0.041 -0.020
Seoul 0.005 0.003 0.007 0.003 0.015 0.008 0.027 0013 0013 0.006
Suwon 0121 0.058 0.070 0.034 0.014 0.007 0.068 0.034 0.068 0.033
Sokcho -0.036 -0.01 0.063 0.017 -0.105 -0.042 0.372 0.078 0.073 0.010
Suncheon -0.008 -0.004 -0.045 -0.014 -0.146 -0.068 0.051 0.025 -0.037 -0.015
Andong 0.028 0.003 -0.036 -0.002 0.001 0.000 -0.086 -0.043 -0.023 -0.011
Anseong -0.037 -0.018 0.134 0.066 0.041 0.021 0.047 0.023 0.046 0.023
Yeongwol 0.051 0.026 -0.025 0.000 -0.103 -0.028 0.033 0.008 0.01 0.001
Uljin 0202 -0.100 0.0% 0.047 0.043 0.021 0.105 0.052 0.010 0.005
Wonju -0.400 019 0.059 0.027 0.437 0210 0.020 0.010 0.029 0.013
Uijeongbu 0.097 0.048 -0.066 -0.033 -0.049 0.024 0.033 0.016 0.004 0.002
Icheon 0.131 0.025 0.146 0.034 -0.135 -0.019 0.19% 0.032 0.085 0.018
Incheon -0.002 -0.001 -0.031 -0.015 -0.022 -0.01 -0.088 -0.043 -0.036 0018
Cheju 0.074 0.037 -0.019 -0.003 -0.021 -0.003 -0.048 -0.012 -0.003 0.004
Jinju 0.028 0014 -0.106 -0.052 -0.039 -0.019 0.105 0.051 -0.003 -0.002
Cheonan 0.037 0.019 -0.085 -0.042 -0.072 -0.036 0.087 0.043 -0.008 -0.004
Cheongju -0.006 0.01 -0.089 -0.02 0.008 0.001 -0.083 -0.041 -0.042 -0.013
Chungju 0014 -0.007 0.037 0.018 -0.073 -0.036 0.047 0.023 -0.001 0.000
Paju 0.449 0217 -0.053 -0.026 -0.102 0.05 0.167 0.082 0.115 0.056
Pocheon -0.084 -0.042 -0.304 -0.146 0.266 0.127 0.165 0.082 0.011 0.005
Pohang -0.263 -0.048 -0.067 -0.026 -0.154 -0.077 0.118 0.059 -0.091 -0.023
Hongseong -0.075 -0.019 0.019 0.007 -0.023 -0.004 0013 0.000 -0.016 -0.004
Average 0.004 0.004 -0.014 -0.007 0.02 -0.007 0.077 0.028 0.012 0.004

M_0, Malmquist productivity index; L, Luenberger productivity index.

HZIHESHS|X| 2015;25(2):118—128 https://kshpa.jams.or.kr/co/main/jmMain.kci 123



Park HS, et al. * The Theoretical Comparison of Malmquist and Luenberg Productivity Indices & Empirical Analysis

7k A7) el FJRSE ARekGa1317), O)Rele 4k
w50 g o2 A2 BxjolA) A Algshe ol
AFE 591 9 S0k 1] BRAE 7R Qlglo]m 2 Bouds

2 A5FATH13,18-20]. AFE R Fela 4] o5 JEHHV\
S Al o] Satol Rz oA} ot fFjeiAt E 4
3Tk

e W59 72 $A|72 Table 13} Tk Table 104 2]

27 o] glovt, omelzi(eltet 1k
Rk 83 QIR 45 el 494 T SRk ol
Alolck SIRQIR - 59 59 18.6% I, YU S

24.6% 57+ A1 Bol 1 QJck WA 4, 9l

Table 3. Technical efficiency change of general public hospitals
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1) MALSRIS Bl

£ 7 ol 71459151520] Malmquist A9} L
enberger 4413 7|5>5 1]8}7] 15} Shephardo] AF27]% 7]
a]gtol] 7|23 Debreu—Farrell-J A5(eff1)1} Luenberger A 2]
Shaeo] 7123 A8 (eff2) S Z245to] YAA W3l 7|sasA

i 7lEL§}% AFEBIIT T12|AL 5 A4S Hlasly| 213t

Year
Public hospitals 2005-2006 2006-2007 2007-2008 2008-2009 Average
TECy TEC, TECw TEC, TECw TEC, TECw TEC, TECw TEC,

Gangneung 0121 -0.06 0.094 0.047 0133 -0.065 0.332 0.165 0.043 0.022
Gangjin 0.121 0.060 -0.004 -0.002 0.028 0.014 0.020 0.010 0.041 0.020
Gongju 0.036 0.018 0.075 0.037 -0.018 -0.009 0.008 0.004 0.025 0.012
Gunsan 0.035 0.017 -0.170 -0.084 0.016 0.008 -0.079 -0.039 -0.050 -0.024
Gimcheon 0.059 0.029 0.178 -0.089 0113 0.056 -0.048 -0.024 -0.014 -0.007
Namwon 0.111 0.054 0.079 0.039 -0.033 -0.016 -0.039 -0.019 0.030 0014
Daegu -0.054 -0.027 -0.036 -0.018 0.005 0.003 -0.016 -0.008 -0.025 0.013
Masan -0.054 -0.027 0014 -0.007 0.046 0.023 -0.053 -0.026 -0.019 -0.009
Mokpo -0.037 -0.019 0.057 0.028 0118 -0.059 0.118 0.059 0.005 0.002
Busan 0.069 0.034 -0.059 -0.029 -0.013 -0.007 0,044 -0.021 -0.012 -0.006
Segwipo -0.003 -0.001 -0.057 -0.028 -0.020 -0.010 0.29% -0.145 -0.093 -0.046
Seoul -0.030 0015 -0.028 0.014 0.052 0.026 0463 0222 0.117 -0.056
Suwon 0.135 0.065 0.056 0.028 0.040 0.020 0.027 0.013 0.065 0.031
Sokcho -0.017 -0.008 -0.057 -0.028 0.025 0.012 0.049 0.024 0.000 0.000
Suncheon 0125 0.062 0.012 0.006 0133 -0.066 0.016 0.008 0.005 0.002
Andong 0.000 0.000 0.000 0.000 0.000 0.000 0.116 -0.058 -0.029 0014
Anseong -0.057 -0.028 0.109 0.054 0.079 0.040 -0.051 -0.025 0.020 0.010
Yeongwol 0.110 0.055 0.022 0.011 -0.013 -0.007 0.013 0.007 0.033 0.016
Uljin 0234 0.116 -0.009 -0.004 0.109 0.054 -0.028 0014 -0.040 -0.020
Wonju 0431 -0.209 -0.082 -0.038 0.482 0.231 -0.009 -0.004 -0.010 -0.005
Uijeongbu 0.068 0.034 -0.044 -0.022 -0.029 -0.014 -0.032 -0.016 -0.009 -0.005
Icheon 0.031 0.016 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.004
Incheon 0.0 -0.020 -0.007 -0.003 -0.008 -0.004 014 -0.069 -0.049 -0.024
Cheju 0.203 0.101 0.045 0.022 0.000 0.000 0.000 0.000 0.062 0.031
Jinju 0.053 0.026 -0.0% -0.047 -0.006 -0.003 -0.053 -0.026 -0.025 0.012
Cheonan 0.085 0.043 -0.059 -0.030 -0.047 -0.023 0.040 0.020 0.005 0.002
Cheongju 0.123 0.061 -0.004 -0.002 0.004 0.002 -0.097 -0.048 0.007 0.003
Chungju 0.001 0.000 0.090 0.045 -0.070 -0.035 -0.062 -0.031 -0.010 -0.005
Paju 0.447 0.216 -0.135 -0.067 0.007 0.004 -0.092 -0.045 0.057 0.027
Pocheon -0.077 -0.038 -0.426 -0.203 0.371 0.176 -0.023 -0.011 -0.039 -0.019
Pohang 0.000 0.000 -0.044 -0.022 0122 -0.061 0.106 0.053 -0.015 -0.008
Hongseong -0.021 0.01 0.021 0.011 0.000 0.000 0.000 0.000 0.000 0.000
Average 0.020 0.010 -0.026 -0.013 0019 0.009 -0.032 -0.015 -0.005 -0.002
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Figure 1. Malmquist and Luenberger productivity index ratio of gen-
eral public hospitals.
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Figure 2. Technical efficiency change ratio of general public hospi-
tals.
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Table 4. Technical change of general public hospitals

Malmquist AJAHA|4=2] 737} 2,284 A 7% Qlk.
Olg Y At F 7|k HIE-2 Figure 35 B, ¢Hs9| &
A(7.7), oFHA(7.0), FLE(.8), T HHU@44), ==
4.1), 23539, THYEHG.9), AFI=HG.6), FF=
HLY)Z AlQlsiar 71 A27)7} 28 o & YAl Qlet. A%t
7lEagrd HahH|Eo] 20 7HA| WE o] QA1 REHe 7]
<L BlE0] ME2 1004 770 EQHet R Holal gtk
A=t o5 Shephard®] Az|g=ol| oJ3t 7|5 H3te} Luen-
berger®] B2 2] A2|ghpo] of3h 7] Hatol thgh Bl &0] 25
HE, 73} Hlgo] 1.9 ofsiel o7 471, 2.0-2,1 ARelof| Sl=
o7 9571, 2.2-2.5 Alo)o] Q= Q= 47l o7 Y, 2.6-2.9 Afo]

Year
Public hospitals 2005-2006 2006-2007 2007-2008 2008-2009 Average
TCu TG TCw G TCu G TCu TG TCu 1C

Gangneung 0.016 0.008 0.028 0.014 -0.026 0.013 0.357 0.020 0.094 0.007
Gangjin 0.01 -0.005 0.019 0.009 -0.032 -0.016 0.058 0.029 0.009 0.004
Gongju -0.005 -0.002 -0.061 -0.030 -0.006 -0.003 0.032 0.016 -0.010 -0.005
Gunsan 0.041 0.021 0.029 0.014 -0.027 0013 0.192 0.094 0.059 0.029
Gimcheon 0.0M -0.005 0.095 0.047 -0.078 -0.039 0.118 0.058 0.031 0.015
Namwon 0014 -0.007 -0.053 -0.026 0.001 0.001 0.034 0.017 -0.008 -0.004
Daegu 0.008 0.005 -0.042 -0.021 -0.008 -0.004 0.066 0.033 0.006 0.003
Masan 0.015 0.007 0.009 0.005 -0.006 -0.003 0.059 0.029 0.019 0.009
Mokpo 0.033 0.016 0.016 -0.004 -0.044 -0.007 0.021 0.005 0.006 0.002
Busan -0.007 -0.003 -0.052 -0.025 -0.001 -0.001 0.041 0.02 -0.005 -0.002
Segwipo 0.003 0.001 0.061 0.029 -0.085 0.04 0.232 0114 0.053 0.026
Seoul 0.035 0.017 0.034 0.017 -0.037 0.018 0.49 0.234 0.131 0.063
Suwon 0014 -0.007 0.014 0.007 -0.026 -0.013 0.041 0.020 0.004 0.002
Sokcho -0.019 -0.003 0.120 0.045 -0.130 -0.055 0.323 0.054 0.073 0.010
Suncheon 0133 -0.066 -0.058 -0.020 0.013 -0.001 0.035 0.017 -0.042 -0.018
Andong 0.028 0.003 -0.036 -0.002 0.001 0.000 0.03 0.015 0.006 0.004
Anseong 0.020 0.010 0.025 0.012 -0.038 -0.019 0.098 0.049 0.026 0.013
Yeongwol -0.058 -0.029 -0.047 -0.011 -0.09 0.022 0.020 0.002 -0.044 -0.015
Uljin 0.032 0.016 0.104 0.051 -0.066 0032 0.133 0.066 0.051 0.025
Wonju 0.031 0.015 0.141 0.065 -0.046 0.021 0.029 0.014 0.039 0.018
Uijeongbu 0.029 0.015 0.022 -0.01 -0.020 -0.010 0.065 0.032 0.013 0.006
Icheon 0.100 0.010 0.146 0.034 0135 0.019 0.196 0.032 0.077 0.014
Incheon 0.039 0.019 -0.025 -0.012 -0.014 -0.007 0.053 0.026 0.013 0.007
Cheju 0.129 -0.064 -0.063 -0.026 -0.021 -0.003 -0.048 -0.012 -0.065 -0.026
Jinju -0.025 0.012 0.01 -0.006 -0.033 -0.016 0.158 0.077 0.022 0.011
Cheonan -0.048 -0.024 -0.025 0013 -0.025 0012 0.046 0.023 0013 -0.006
Cheongju 0.129 -0.052 -0.085 -0.018 0.005 -0.001 0014 0.007 -0.049 -0.016
Chungju -0.015 -0.008 -0.053 -0.026 -0.003 -0.001 0.109 0.054 0.010 0.005
Paju 0.002 0.001 0.082 0.041 0.110 -0.054 0.259 0127 0.058 0.029
Pocheon -0.008 -0.004 0.121 0.057 -0.105 -0.049 0.188 0.093 0.049 0.024
Pohang -0.263 -0.048 0.023 -0.004 -0.032 0.016 0.013 0.006 -0.076 -0.015
Hongseong -0.053 -0.008 -0.003 -0.003 -0.023 -0.004 0.013 0.000 -0.016 -0.004
Average -0.016 -0.006 0.012 0.006 -0.040 -0.016 0.108 0.043 0.016 0.007
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Figure 3. Technical change ratio of general public hospitals.
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