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Abstract; Objective To analyze the changes in operational efficiency of secondary public general hospitals in Shan-
dong Province, compare the efficiency differences among hospitals in different regions (the Provincial Capital Economic
Circle, the Jiaodong Economic Circle, and the Lunan Economic Circle) of Shandong, and provide policy references for
the differentiated development of secondary public general hospitals. Methods Panel data of secondary public general
hospitals from 16 prefecture-level cities (Laiwu City was merged into Jinan City in 2019) and the three economic circles
(the Provincial Capital Economic Circle, the Jiaodong Economic Circle, and the Lunan Economic Circle) in Shandong
Province from 2014 to 2023 were collected. Input and output indicators were identified, and the Global-Malmquist index
model based on the super-efficiency SBM model was used to analyze efficiency changes. Results From 2014 to 2023,
the operational efficiency of secondary public general hospitals in Shandong Province increased from 0.948 to 1.320. The

efficiency differences among the provincial capital, Jiaodong, and Lunan economic circles were small from 2014 to
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2017 but became significant from 2018 to 2023. Among the 16 prefecture-level cities ( excluding Laiwu) , 15 showed an

upward trend in operational efficiency, accounting for 93.75% of the total. Conclusion The operational efficiency of

secondary public general hospitals in Shandong Province shows an upward trend but with large fluctuations. Efficiency is

more significantly affected by technological changes. There are problems such as unbalanced development of regional

technical efficiency and insufficient capacity in responding to major public health events. It is necessary to implement

differentiated development strategies such as technological and institutional innovation and scale adjustment to promote

the high-quality development of hospitals.

Key words: Secondary public general hospitals; Operational efficiency; Malmquist index model; Total factor produc-

tivity ; Regional differences; Shandong Province
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Table 1

Literature review of input and output indicators for hospital efficiency evaluation

) PSR BRI I i)

7 AR A AR R

AT AT R(13) Sl (BhEL) BRIR%(S) || k55

Yidy SA ROEER(22) (RE B (20) 2
Wy B (15) BRI A(S) FiA

BIZIF AR (21) TR AUKL(26) (HBEAK(27) SRR H]
H(15)

S (13) (BEITICA(10)

SEEIERE H (9)

F2 B IR AL S R R

Table 2 Screening of input and output indicators by coefficient of variation
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Table 3 TFP and its decomposition items of secondary public general hospitals in Shandong Province, 2014—2023

s} 4] TFP EC TC PEC SEC
2014—2015 0.948 1.000 0.948 1.000 1.000
2015—2016 1.033 1.000 1.033 1.000 1.000
2016—2017 0.976 1.000 0.976 1.000 1.000
2017—2018 0.988 1.000 0.988 1.000 1.000
2018—2019 1.008 1.000 1.008 1.000 1.000
2019—2020 0.762 1.000 0.762 1.000 1.000
2020—2021 1.304 1.000 1.304 1.000 1.000
2021—2022 0.791 1.000 0.791 1.000 1.000
2022—2023 1.320 1.000 1.320 1.000 1.000

R4 2014—2023 FFH 2L RN LRGP BE TP KoM A2 AR il
Table 4 TFP and its decomposition items of secondary public general hospitals in provincial capital economic circle, 2014—2023

i TFP EC TC PEC SEC
2014—2015 0.936 0.717 1.306 1.024 0.700
2015—2016 1.093 1.070 1.022 1.111 0.963
2016—2017 1.070 1.274 0.840 1.014 1.257
2017—2018 0.992 0.995 0.996 1.163 0.856
2018—2019 1.110 1.011 1.097 1.028 0.984
2019—2020 0.787 1.014 0.776 0.872 1.163
2020—2021 1.052 0.965 1.090 0.846 1.140
2021—2022 0.847 0.783 1.082 0.881 0.889
2022—2023 1.536 1.309 1.173 1.046 1.252

K5 2014—2023 AR AR TE B " RNNLER G BEBE TRP Ko Iz A il
Table 5 TFP and its decomposition items of secondary public general hospitals in Jiaodong economic circle, 2014—2023

s} 4] TFP EC TC PEC SEC
2014—2015 1.115 1.015 1.098 0.995 1.020
2015—2016 1.010 0.989 1.022 1.034 0.957
2016—2017 0.999 0.997 1.002 1.064 0.937
2017—2018 0.993 1.000 0.992 0.987 1.014
2018—2019 0.835 0.956 0.874 1.098 0.871
2019—2020 0.695 0.796 0.872 0.861 0.925
2020—2021 1.242 0.967 1.285 0.962 1.005
2021—2022 0.884 0.986 0.897 1.207 0.816
2022—2023 1.240 1.217 1.019 1.150 1.059

6 2014—2023 FE R AT AL LR G BB TFP KoM s A1 il
Table 6 TFP and its decomposition items of secondary public general hospitals in Lunan economic circle, 2014—2023

iy 35 TFP EC TC PEC SEC
2014—2015 1.197 1.178 1.016 1.103 1.068
2015—2016 1.004 1.101 0.912 1.058 1.040
2016—2017 0.971 0.939 1.034 0.926 1.013
2017—2018 0.901 1.047 0.860 1.048 0.999
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iy 35 TFP EC TC PEC SEC
2018—2019 1.111 0.978 1.136 0.995 0.983
2019—2020 0.738 0.798 0.925 0.832 0.960
2020—2021 1.351 1.252 1.079 1.239 1.010
2021—2022 0.833 1.064 0.783 1.012 1.051
2022—2023 1.254 0.907 1.383 1.041 0.871
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Table 7 TFP and its decomposition items of secondary public general hospitals in prefecture-level cities, 2014—2023

% 2014—2015 2015—2016 2016—2017
TFP TC EC PEC SEC TFP TC EC PEC SEC TFP TC EC PEC SEC
HEx 0.936 1.306 0.717 1.024 0.700 1.093 1.022 1.070 1.111 0.963 1.070 0.840 1.274 1.014 1.257
Vi 1.044 1.420 0.735 0.738 0.997 1.209 0.884 1.368 1.452 0.942 1.169 1.136 1.029 1.036 0.993
WHE 0984 0914 1.076 1.085 0.991 1.069 1.169 0.914 1.001 0.913 1.072 0.848 1.264 1.057 1.197
<8 1.040 1.035 1.005 1.038 0.969 1.286 1.228 1.048 1.080 0.970 1.097 1.088 1.008 0.987 1.022
EM 0904 0.973 0.929 0.963 0.965 1.094 1.076 1.017 1.073 0.948 1.135 0.982 1.155 1.143 1.011
EH 0734 0.786 0.934 0.895 1.044 1.003 1.014 0.990 0.990 1.000 0.959 1.060 0.905 0.905 1.000
Wik 0.994 0.733 1.356 1.336 1.015 1.016 1.461 0.695 0.704 0.988 0.997 0.864 1.155 1.140 1.013
Z&4 0.659 0.699 0.942 0.949 0.993 0.953 1.465 0.650 0.658 0.989 0.932 0.886 1.051 1.031 1.020
3¥FE 1.039 0.755 1.376 1.178 1.168 1.249 1.196 1.044 1.060 0.985 0.990 0.988 1.003 1.017 0.986
7R 1.115 1.098 1.015 0.995 1.020 1.010 1.022 0.989 1.034 0.957 0.999 1.002 0.997 1.064 0.937
Hi o 1.029 1.004 1.026 0.958 1.071 0.969 1.039 0.932 0.934 0.998 1.006 0.994 1.012 1.008 1.004
B 0.655 0.694 0.944 0.932 1.013 1.448 1.454 0.996 1.014 0.982 0.972 0.983 0.989 0.987 1.002
fME 1.134 1.131 1.002 1.003 1.000 1.020 1.019 1.001 1.002 0.999 0.965 1.076 0.896 0.907 0.988
M5 1.110 0.817 1.360 0.923 1.474 1.053 1.307 0.805 0.817 0.985 0.792 0.894 0.886 0.865 1.024
HHR 0745 0.942 0.790 0.962 0.822 1.333 1.043 1.277 1.062 1.202 1.003 1.039 0.965 1.003 0.963
= 1.197 1.016 1.178 1.103 1.068 1.004 0.912 1.101 1.058 1.040 0.971 1.034 0.939 0.926 1.013
I 0902 0.896 1.007 0.981 1.026 0.870 0.961 0.906 0.917 0.988 0.955 0.939 1.017 1.141 0.892
¥ 1.110 0.882 1.258 0.957 1.315 1.196 1.168 1.024 1.024 1.000 1.024 0.884 1.158 1.178 0.983
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. 2014—2015 2015—2016 2016—2017
TFP TC EC PEC SEC TFP TC EC PEC SEC TFP TC EC PEC SEC
A 0791 0.843 0.939 0.943 0.995 0912 1.199 0.761 0.959 0.793 0.862 0.892 0.967 0.737 1.311
¥ 0.918 0.913 1.005 1.091 0.921 1.158 1.045 1.108 1.188 0.933 0.978 1.007 0.971 0.837 1.161
P 0929 0.908 1.040 0.996 1.046 1.108 1.160 0.973 0.996 0.977 0.995 0.974 1.025 0.999 1.034

X 2017—2018 2018—2019 2019—2020
TFP TC EC PEC SEC TFP TC EC PEC SEC TFP TC EC PEC SEC
B 0.992 0.996 0.995 1.163 0.856 1.110 1.097 1.011 1.028 0.984 0.787 0.776 1.014 0.872 1.163
FE o 0979 0.979 1.001 0.953 1.050 1.054 0.962 1.095 1.195 0.916 0.943 0.935 1.009 0.977 1.032
I 1.063 1.049 1.013 1.008 1.005 0.982 1.028 0.955 0.947 1.009 0.789 0.795 0.992 1.027 0.966
KE 0727 0763 0952 0.920 1.035 1.013 1.022 0.991 1.005 0.986 0.685 0.672 1.020 1.085 0.939
M 1.039 0763 1.362 1.259 1.082 0.798 0.810 0.984 0.974 1.011 0.791 1.053 0.752 1.025 0.733
M 1.120 0.978 1.144 1.178 0.972 0.796 1.016 0.784 0.763 1.027 0.894 0.861 1.039 1.241 0.837
I 0.960 0.974 0.986 0.996 0.991 0922 1.071 0.861 0.836 1.031 0.884 0.881 1.003 1.029 0.974
&% 1.010 0.947 1.066 1.062 1.004 1.022 1.056 0.968 0.975 0.993 0.900 0.901 0.987 0.999 0.988
¥ 1.195 0.956 1.250 0.676 1.850 — — — — — — — — — —
7R 0.993 0.992 1.000 0.987 1.014 0.835 0.874 0.956 1.098 0.871 0.695 0.872 0.796 0.861 0.925
HE O 0.828 0.832 0.996 1.009 0.986 1.002 1.061 0.944 0.968 0.975 0.558 0.715 0.780 0.955 0.817
BiE 0.624 0.638 0.980 0.971 1.009 1.036 1.436 0.721 0.762 0.947 0.842 0.797 1.056 1.716 0.616
W& 0982 0.870 1.128 1.115 1.012 1.207 1.205 1.001 1.000 1.001 0.804 0.931 0.863 0.923 0.935
Y5 1.004 0933 1.076 1.070 1.005 1.001 1.055 0.948 0.953 0.995 0.716 0.875 0.819 0.926 0.884
A 0.761 0.756 1.006 1.054 0.954 1.007 1.006 1.001 0.854 1.172 0.601 0.762 0.789 0.777 1.015
M 0.901 0.860 1.047 1.048 0.999 1.111 1.136 0.978 0.995 0.983 0.738 0.925 0.798 0.832 0.960
W 1.008 0.820 1.229 1.099 1.118 0.948 0.985 0.962 0.956 1.006 0.832 0.733 1.135 1.223 0.928
FT 0926 1.062 0.872 0.932 0.935 1.030 0.982 1.048 1.041 1.006 0.663 0.687 0.966 1.025 0.942
HE 0987 0925 1.068 1.066 1.002 1.045 1.045 0.960 0.989 0.971 0.843 0.620 1.360 1.080 1.260
U7 0.790 0.859 0.920 0.942 0.977 1.063 0.989 1.075 1.069 1.006 0.585 0.692 0.845 0.812 1.041
¥IfH 0.941 0.888 1.062 1.018 1.058 0.995 1.046 0.956 0.955 1.003 0.771 0.807 0.963 1.051 0.932

.- 2020—2021 2021—2022 2022—2023
TFP TC EC PEC SEC TFP TC EC PEC SEC TFP TC EC PEC SEC
Hes 1.052 1.090 0.965 0.846 1.140 0.847 1.082 0.783 0.881 0.889 1.536 1.173 1.309 1.046 1.252
BEE 0994 1.057 0.941 0.871 1.080 0.600 0.645 0.930 0.935 0.995 1.696 1.664 1.019 1.016 1.003
I 1432 1.294 1.107 1.167 0.948 0.752 0.823 0.914 0.930 0.982 1.382 1.157 1.194 1.151 1.038
ZRE 1467 1.438 1.020 0.981 1.040 0.680 0.681 0.999 0.998 1.002 1.478 1.425 1.037 1.047 0.991
M 0994 1.051 0.946 0.989 0.956 0.905 1.016 0.891 0.979 0.910 1.381 1.135 1.217 1.009 1.206
0951 1.166 0.816 0.681 1.198 0.977 0.934 1.047 1.061 0.987 1.186 1.150 1.031 1.048 0.984
Wi, 0.896 1.040 0.861 0.837 1.028 0.996 0.916 1.087 1.127 0.965 1.078 1.211 0.890 0.872 1.020
Z&4¢ 1.108 1.001 1.111 1.106 1.004 0.926 0.941 1.005 0.984 1.021 1.079 1.121 1.263 0.963 1.312
S - - = = = — - - = = — - - = —
WA 1.242 1.285 0.967 0.962 1.005 0.884 0.897 0.986 1.207 0.816 1.240 1.019 1.217 1.150 1.059
FE 1,107 1.247 0888 0.729 1.219 0.912 0.614 1.485 1.440 1.031 1.749 1.752 0.999 1.015 0.984
B 1,199 1.121 1.069 0.876 1.221 0.913 1.001 0.912 0.901 1.012 1.099 1.158 0.949 1.035 0.918
A 1110 1,192 0.931 0.873 1.067 0.941 0.906 1.039 1.242 0.836 1.126 1.186 0.949 0.909 1.045
DG 1.218 1.039 1.172 1.051 1.116 0.916 0.940 0.975 0.955 1.021 1.162 1.195 0.972 1.031 0.943
AR 1.146 0.897 1.277 1.022 1.250 0.951 1.254 0.758 1.182 0.641 1.048 1.166 0.899 0.914 0.983
ol 1.351 1.079 1.252 1.239 1.010 0.833 0.783 1.064 1.012 1.051 1.254 1.383 0.907 1.041 0.871
W 0.863 1.066 0.809 0.782 1.035 0.850 0.928 0.915 0.877 1.043 1.207 1.505 0.801 0.794 1.009
BT 1458 1426 1.023 1.080 0.946 0.769 0.775 0.991 0.818 1212 1.325 1.379 0.961 0.965 0.996
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X 2020—2021 2021—2022 2022—2023
TFP TC EC PEC SEC TFP TC EC PEC SEC TFP TC EC PEC SEC
T 1.071 1.116 0.960 0.926 1.037 0.821 1.195 0.687 0.966 0.711 1.095 1.218 0.899 1.033 0.870
¥y 1.531 1.494 1.024 1.021 1.004 0.935 0.891 1.049 1.164 0.902 1.099 1.132 0.970 1.117 0.869
YH 1.159 1.165 0.997 0.937 1.072 0.865 0.904 0.980 1.035 0.954 1.262 1.285 1.003 0.995 1.011
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