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Analysis on Efficiency and Productivity Changes of Regional Public Hospitals
in Korea with Data Envelopment Analysis/Window and Global Malmquist

Indices Models

Dong Hyun Yang

Department of Management, Inje University, Gimhae, Korea

This study empirically analyze efficiency and productivity changes of public hospitals of Korea using data envelopment analysis/
Window model and global Malmquist indices model. We use the ten-year data from 2001 to 2010 of 30 regional public hospitals
listed database from the Association of Korean Regional Public Hospitals. The main focuses are to reveal whether the technical inef-
ficiency are improved as time goes by, and efficiency and productivity are affected by environmental factors. The results can be
summarized as follows. First, the efficiencies of public hospitals rise in trend as time passes. Second, regional public hospitals show
the different average efficiencies according to their regional type, hospital type, operational type, medicaid type, and demand and
supply conditions by Mann-Whitney U-tests. Third, technical efficiency changes mainly contribute to 4.4% annual average growth
rate of productivity of regional public hospitals during that period. Our findings have some policy implications. It is confirmed that
there exist some environmental inefficiencies, and those inefficiencies can not be overcome through just improving the inner man-
agement system. Thus, policy and institutional changes are necessary for regional public hospitals to improve efficiency and pro-

ductivity overall.
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(Korea Health Industry Development Institute, 2006). 274 291
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Table 1. Characteristical distribution of regional public hospitals
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Table 2. Basic statistics of inputs and outputs
) Year
Variable Average
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Beds 241 263 257 258 260 256 255 262 261 263 257
Medical personnel 90 91 %6 105 104 110 M 120 125 131 108
Inpatients 72,207 68,483 72,008 78,066 80,719 79,829 76,842 78,842 81,967 81,365 77,032
Outpatients 114,532 181,092 140,344 114,564 119,472 124,473 125,912 130,943 152,558 149,639 135,353
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=A% E017]% CCR B-848 Au]st 3= Table 33} ZT}. Table
304 &1 Hat E-EAL 2001-20054 0.625, 2002-2006 0.687,
2003-2007'd 0.743, 2004-2008'3 0.814, 2005-2009' 0.786, 2006-
2010 0. 8160]11} Table 30| 4] HX0] 2005-2009-S A 9|6} &
%"é% 37t F0l& Holal gtk o] & FAK O E 2RI st
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Table 3. Efficiencies change trends of public regional hospitals by data envelopment analysis/Window model

Regio_nal . Average
public hospital 2001-2005 2002-2006 2003-2007 2004-2008 2005-2009 2006-2010
Gangneung 0518 0.587 0.678 0.746 0.747 0.757 0672
Gangjin 0.642 0618 0.608 071 0.781 0.781 0.69
Gongju 0636 0.647 0.675 0.749 0.741 077 0.703
Gunsan 0.745 0.78 0.795 0.836 0.78 0.817 0.792
Gimcheon 0.773 0.792 0.789 0.87 0.842 0.824 0815
Namwon 0523 0.584 0.627 0.702 0.685 0.736 0.643
Daegu 0.699 0.821 0.822 0.907 0.795 0.815 0.81
Masan 0.602 0.669 0.717 0.798 0.752 0.764 0.717
Mokpo 0.783 0.861 0.883 092 0.867 091 0.871
Busan 0577 0.668 0.71 0.778 0.75 0.758 0.707
Seogwipo 0.605 0.635 0.772 0.907 0.863 0.844 0.771
Seoul 057 0.62 0.677 0.816 0.705 0.734 0.687
Sokcho 0458 049 0.545 0.635 0.659 0.717 0.584
Suwon 0.600 0.656 0.864 0926 0.891 0.898 0.806
Suncheon 0.656 0.75 0.803 0872 0.875 0.941 0.816
Andong 0.64 0.765 0.853 0.955 0.916 0.929 0.843
Anseong 0.386 0.521 0.627 0.766 0.779 0.841 0.653
Yeongwol 0.726 0.807 0.812 0817 0.788 0911 0.81
Wonju 0.504 0.561 0.565 0673 0.695 0.689 0.608
Uijeongbu 0.686 0.761 0.746 0.822 0.793 0.788 0.766
Icheon 0.498 0.549 0.804 0.884 0.899 0.934 0.761
Incheon 0.546 0.651 0.694 0.768 0.703 0.716 0.68
Jinju 0572 0.677 0.692 0.777 0.705 0.744 0.694
Cheonan 0.627 0.736 0.812 0.832 0818 0.877 0.784
Cheongju 0.722 0.7 0.83 0872 0.838 0918 0813
Chungju 0.705 0.787 0.799 0.908 0.833 0.916 0.835
Paju 0473 0.541 0.668 0.657 0.637 0.699 0.612
Pocheon 0.564 0.641 0.644 0.72 0.684 0.657 0.652
Pohang 0.995 0.947 0913 0.872 0.829 0.862 0.903
Hongseong 0.722 0.78 0.862 0928 0917 0.942 0.859
Average 0.625 0.687 0.743 0814 0.786 0.816 0.745
Zro] W2 AAL FH= o] 9= F3A 2RI} AR e g E Table 4. Efficiency difference tests among the environmental factors
ek BES 7VYS 5 7] tRolck MBS AAATHE Table 4 WikoronW z pualie
of) e)lo] ick Table 40]4] Bo] Ao, Traeh, LGFee]  Fegon 3215 1500 0072
A BANOR fOI% BEA Aol e sleia, oz oIS o e .
A SR E SR T EEE i e ow
OfsHA] 3k, Demand condition 24,860 1,046 029
FHH GAP |7 2 = S oAl 7iE o8 e 2o, Supply condition 21433 -1526 0127
STHIH, LEFHE, mgo] T BIFE, 8097 Bl S
A agA Wee I L2 vuskith(Figures 1-6). A= A F7lsal Qlom FA4 0.2 {-ofgt Zfol & Hylrk

o
X Figure 1914 107F Al FAEAIX]Y 59| a-540]
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O 2 o7} QA VrElstT Figure 20|14 Hizo] ¥ om
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Figure 1. Efficiency changes by region.
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Figure 3. Efficiency changes by operation type.
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Figure 4. Efficiency changes by medicaid ratio.
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Figure 6. Efficiency changes by supply condition.
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Figure 7. Trends of productivity, efficiency, and technical change.
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H[gl A4 (@.9%)0] o, 7lsaaAe] o R il &
7¥sfaL Qlek =80 7io] 23t o m o] fefet okt A
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off, 2] 5] RAMS g2 e alle) osf kS WL gl
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Table 5. Global malmquist productivity index changes by environmental factors

Year
2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2003 2008-2009 Average
Total Me 1.059 1.138 1.010 1.055 0.983 0.959 1.086 1.059 1.055 1.044
EC 1.007 1.193 1.146 1.031 1.056 0.976 1.029 0.990 1.003 1.046
TC 1.052 0.954 0.881 1.023 0.931 0.983 1.055 1.070 1.052 0.998
Region Metropolis ME 0979 1.056 1.030 1.031 1.014 0.950 0.970 0.962 1.042 1.003
EC 1.077 1.027 1.197 1.01 1.045 0.980 0.981 0916 1.095 1.034
TC 0913 1.030 0.861 1.020 0.977 0.969 0.991 1.051 0.955 0972
Mediumcities Me 1.071 1.150 1.007 1.059 0978 0.960 1.104 1.074 1.057 1.050
EC 0.996 1219 1.139 1.034 1.058 0.976 1.037 1.001 0.989 1.047
TC 1.069 0.945 0.891 1.023 0.923 0.978 1.038 1.066 1.066 0.998
Hospital type General hospital ~ M°® 1.054 1.182 1.000 1.019 0.99 0.951 1.107 1.056 1.048 1.044
EC 1.022 1220 1129 1.025 1.053 0.974 1.040 0.982 1.007 1.048
TC 1.027 0.976 0.893 0.995 0.946 0.971 1.037 1.068 1.040 0.993
Hospital Me 1.083 0916 1.061 1232 0915 0.998 0.980 1.077 1.087 1.035
EC 0.933 1.061 1.235 1.060 1.073 0.990 0.975 1.028 0.982 1.034
TC 1.154 0.855 0.856 1.162 0.852 1.007 1.004 1.046 1.104 0.997
Operationtype ~ Direct Me 1.285 1.017 0.993 1.030 1.055 0.927 1227 1.043 1.065 1.066
EC 1.012 1.150 1.091 1.045 1.082 0.963 1.076 0978 1.014 1.044
TC 1.238 0.891 0.921 0.989 0979 0.945 1.088 1.068 1.051 1.014
Charging Me 0.976 1.181 1.017 1.064 0.956 0.971 1.034 1.065 1.051 1.033
EC 1.005 1.209 1.167 1.026 1.047 0.981 1.013 0.9%4 0.999 1.046
TC 0.979 0.980 0875 1.035 0912 0.989 1.011 1.063 1.051 0.987
Medicaid ratio ~ High ME 1.073 1273 1.011 1.024 1.000 0.978 0.988 1.067 1.054 1.049
EC 1.020 1.297 1.144 1.025 1.050 1.000 0.991 0992 1.012 1.055
TC 1.036 0.990 0.887 1.001 0.957 0.976 0.997 1.064 1.039 0.993
Low ME 1.040 0.961 1.009 1.095 0.960 0.934 1214 1.049 1.056 1.032
EC 0.990 1.058 1.149 1.039 1.065 0.945 1.080 0.987 0992 1.032
TC 1.064 0912 0.888 1.051 0.8% 0.978 1.077 1.064 1.066 0.996
Dmand condition  Good ME 0.947 1.347 1.022 1.019 0.946 0.932 1.069 1.011 1.103 1.038
EC 1.016 1.370 1.144 1.008 1.034 0.958 1.029 0975 1.039 1.058
TC 0.941 0.997 0.896 1.013 0914 0.974 1.024 1.038 1.065 0.983
Bad Me 1.156 0.954 1.000 1.086 1.014 0.982 1.100 1.102 1.013 1.043
EC 0.999 1.039 1.149 1.052 1.076 0.993 1.029 1.003 0972 1.033
TC 1.142 0.920 0879 1.031 0.944 0.979 1.038 1.087 1.038 1.003
Supply condition  Good ME 1.172 0931 1.000 1.088 1.023 0.969 1.113 1.078 1.056 1.045
EC 1.010 1.014 1.151 1.048 1.086 0.985 1.039 1.021 1.008 1.039
TC 1.147 0.922 0878 1.036 0.943 0.973 1.040 1.056 1.054 1.002
Bad Me 0.946 1.344 1.021 1.022 0.942 0.949 1.058 1.091 1.054 1.042
EC 1.005 1.373 1.142 1.014 1.027 0.967 1.020 1.007 0.998 1.056
TC 0.949 0.990 0.896 1.010 0.916 0.981 1.023 1.072 1.048 0.986
M, global Mamquist; EC, efficiency change; TC, technical change.
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TRAo] ofmFo] B} HlFo] W wele] Hl3) oLt [} A
ZFgte] whet 21 g Apol= A glglen, AR E &
ofgk ato| 5 Hol#| oFQhtt =a0fzio] Ee|7h o 2] Aa4o]
Sl )RRt B&A0] Lgkort Ahs o] nfe} 1 ol
o] QoL BAM O R E |20l Zfo] Ho|x| ekorrk. Eat
BaRA0| Bl o|ngle] wg Aol Bzl Saldt 0wy

et gAo] E9kont oA Alzke] Ao mret 1 Zfoli= ¢19)

o EAR O 2% §0J51A] 9k,

Al X’H Ao 21 0] 1007t Aot A 4.4% e
ol= == 7| EColl 71918kl QAT th=Ale]l 27t o Zlo]

H3] %iE*]OH 2Ag o) ml o] AYibdo] wom AT o] wh
2} AYAbg wste] Zpol= =LA] bl e Q= ol vl F7
w2 mo) Aol om, AlrhHstof| whe} Bl ol wd
O A W0l TRHUH ABYETt ¥E Fo] & Hollrk
Qe 2 Skolm ol vl 2Felm o) Aitdo] wom Ak
o] afol= Aaxsiar UGITE TP A5 o) HFo] w2
O] Elo] b ol mlof Hlgl] AYAH o] ot ARto] o] whet
Aol & HolA] ghgtet =a0i7io] EefRt o m o] 23t o &
Y At Bad@3%)0] wom Fgofzdo] felgt owd
o] =23t o] YR Aol okt eyt awroldd A
WO E0] a5/d9] Apoli= ARPHSte] whef 11 Afol= AA] ¢
Py

HAEA S 2 Ao 2dS ARPHS | up2t aa4do] 7=,
o|2 olalo] AAGL FFAFE| T 919l uq AAA SFAFS. TCHE}

| £/g0) 2221 53] A

i

fu

=G} ek BB 2 2ol B lo] a8 Al A
A B SleiA et AR EA O] AR A teefo] a-E

Ql, 3] 2o, AT AR, LA 5-& 7Htsto] A
2 wpapo] AAElojok 3 Zlofek. ol g Sol, AN AfelR
71 A3LE vigko 2 AR 242 5h= 7% o]9t
of ol 7aA 0. 2 AR ] B A HE

S A A7) Sl e ARl B b

o] o
B ‘—l 1._ =
Foto] AHHE SPA S ol Belat Beke ek 3t
BHE WA ) 20tE 2 5 ek

2 ATEEY TR 7]%”&-5 e 2 A5t el

Qo] i ok gl A Aol 4.5} o]
T AR WEIHSA, B8 AERA o=io] 840 u]F
(AR A0 5)0] T #A) 52 B AT e
2 34 St ek ARzbstel T AT AT wehE
sl aqlz Tolgto 24 7ol B4 ] Fol

HZIREIS|X| 2013;23(1):78-89



7t EANE S g sl ek AR EA 2 A7 1A e
ot | 71229 FRE AAERITE A, e 7)E P
B&4 249 g 9F 7]E Malmquist AHIA4=0] A=

o e P02 Aol el madu ALY WekE

A

[e]
=
T

JEEA 14

A
=
1=}
jLs

REFERENCES

Ahn TS, Park JS. Productivity evaluation and comparison of Korean provin-
cial hospitals. Korean ] Hosp Manag 1997;2(1):22-47.

Asmild M, Tam E Estimating global frontier shifts and global Malmquist in-
dices. ] Prod Anal 2007;27:137-148.

Avkiran, NK, Rowlands T. How to better identify the true managerial perfor-
mance: state of the art using DEA. Omega 2008;36(2):317-324.

Banker RD, Charnes A, Cooper WW. Some models for the estimating tech-
nical and scale inefficiencies in data envelopment analysis. Manag Sci
1984;30(9):1078-1092.

Banker RD, Conrad RE, Strauss RP. A comparative application of data envel-
opment analysis and translog methods: an illustrative study of hospital
production. Manag Sci 1986;32(1):30-44.

Caves DW, Christensen LR, Diewert WE. The economic theory of index
numbers and the measurement of input, output, and productivity. Econo-
metrica 1982;50(6):1393-1414.

Chang YJ, Yang DH. Analysis on global Malmquist productivity index change
of regional public hospitals. Korean ] Health Econ Policy 2011;17(4):89-
107.

Charnes A, Cooper WW. Preface to topics in data envelopment analysis.
Ann Oper Res 1985;2:59-94.

Charnes A, Cooper WW, Rhodes E. Measuring the efficiency of decision
making units. European ] Oper Res 1978;2(6):429-444.

Charnes A, Cooper WW, Rhodes E. Evaluating program and managerial ef-
ficiency: an application of data envelopment analysis to program follow
through. Manag Sci 1981;27(6):668-697.

Chilingerian JA. Evaluating physician efficiency in hospitals: a multivariate
analysis of best practices. European ] Oper Res 1995;80(3):548-574.

Fare R. Grosskopf S, Norris M, Zhang Z. Productivity growth, technical
progress, and efficiency change in industrialized countries. Am Econ Rev
1994;84(1):66-83.

Fried HO, Schmidt SS, Yaisawarng S. Incorporating the operating environ-
ment into a nonparametric measure of technical efficiency. J Product
Anal 1999;12(3):249-267.

Grosskopf S, Valdmanis V. Measuring hospital performance: a non-paramet-
ric approach. ] Health Econ 1987;6(2):89-107.

Kim CB. Analysis on static, dynamic efficiency of service industry related to
transportation. ] Ind Econ Bus 2009;22(4):1715-1728.

Kim JK, Jeon JW. Static and dynamic analysis of efficiency of Korean regional
public hospitals. ] Hosp Manag 2010;15(1):28-48.

Kim YH, Cho WH, An DH, Park SW, Chung WJ. Medical care environment

HZIHSHS|X| 2013;23(1):78-89

and the productivity change in Korean tertiary hospitals. Korean ] Hosp
Manag 2005;10(4):51-74.

Kim YT. An exploration on changes in productivity index of local public
medical centers by management system. ] Ind Econ Bus 2010;23(3):1159-
1184.

Korea Association of Regional Public Hospitals. The Korea Association of
Regional Public Hospitals database 2001-2010. Seoul: The Korea Associ-
ation of Regional Public Hospitals; 2011.

Korea Health Industry Development Institute. A study on plan for promoting
the public service and efficiency of public hospitals as district base hospi-
tals. Cheongwon: Korea Health Industry Development Institute; 2006.

Lee MH. The effect of IT investment and dynamic efficiency test in manufac-
turing industries. ] Econ Theory Econom 2009;20(4):27-49.

Linna M, Hakkinen U, Magnussen ]. Comparing hospital cost efficiency be-
tween Norway and Finland. Health Policy 2006;77(3):268-278.

Liu J, Tone K. A multistage method to measure efficiency and its application
to Japanese banking industry. Socio-Econ Plan Sci 2008;42(2):75-91.
Nayar P, Ozcan YA. Data envelopment analysis comparison of hospital effi-

ciency and quality. ] Med Syst 2008;32:193-199.

Oh D, Lee J. A metafrontier approach for measuring Malmquist productivity
index. Empir Econ 2010;38:47-64.

Oh DW, Lee JH, Min IS, Analysis on efficiency and productivity of Korean
Regional Public Hospital between before and after the separation of dis-
pensary from medical practice: using parametric and non-parametric
statistical approaches. Korean ] Health Econ Policy 2007;13(1):173-198.

Park CJ. Measuring production efficiency using data envelopment analysis:
the case of public corporation medical centers. Korean ] Health Policy
Adm 1996;6(2):91-114.

Park GS, Kim YT, Chung HS. Assessing hospital efficiency and profit dynam-
ics using DEA and DEA Window analysis. Korean Manag Rev 2005;
34(1):267-287.

Pastor JT, Lovell CA. A global Malmquist productivity index. Econ Lett 2005;
88(2):266-271.

Seo JN, Kim DH. Analyzing the dynamic productive efficiency of large purse
seine fishery in Korea. ] Fish Bus Adm 2012;43(1):11-18.

Sherman HD. Hospital efficiency measurement and evaluation: empirical
test of a new technique. Med Care 1984;22(10):922-938.

Shin CG. An analysis on the efficiency and productivity changes of the na-
tional university hospitals in the Republic of Korea. Korean Soc Sec Stud
2006;22(4):49-78.

Thoraneenitiyan N, Avikiran NK. Measuring the impact of restructuring and
country-specific factors on the efficiency of post-crisis East Asian bank-
ing systems: intergrating DEA with SFA. Socio-Econ Plan Sci 2009;43(4):
240-252.

Tulken H, Eeckaut PV. Non-parametric efficiency, progress and regress mea-
sures for panel data: methodological aspects. European ] Oper Res 1995;
80(3):474-499.

Yoo T, Yim ], Zi H. Measuring efficiency and productivity of the Korean pub-
lic hospitals. ] Korean Oper Res Manag Sci 2004;29(3):79-98.

Yoon K]J. Using DEA to measure the efficiency of local health centers. Korean
Policy Stud Rev 1996;5(1):80-109.

www.kshpa.org 89



