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ABSTRACT Objective: To evaluate the comprehensive technical efficiency of the tertiary public hospi-
tals in Beijing between 2006 and 2015 and explore its influencing factors, so as to propose corresponding
policy suggestions. Methods: The data envelopment analysis was employed to evaluate the comprehen-
sive technical efficiency, pure technical efficiency and scale efficiency of the tertiary public hospitals in
Beijing. Malmquist index model was used to analyze the changes of the above three dynamic efficiencies.
Finally, random-effect panel tobit model was utilized to analyze the influencing factors of the comprehen-
sive technical efficiency. Results: The average comprehensive technical efficiency and pure technical ef-
ficiency of the tertiary public hospitals in Beijing were relatively high, and they had respectively increased
from 0.44 and 0.51 in 2006 to 0.62 and 0. 68 in 2015, and the highest proportion of two kinds of effi-
ciency values was between 0.5 and 0. 8. Most of the scale efficiency values distributed between 0. 8 and
1.0, and the majority of hospitals were in a state of decreasing returns to scale. The total factor produc-
tivity of hospitals had been increasing at an average rate of 5.78% per year due to the double progress of
technical efficiency and technology at annual rates of 3. 77% and 1.94% respectively, further decompo-
sing technological efficiency change, and the pure technical efficiency change increased at the speed of
3.21% per year, and the annual average rate of progress in scale efficiency was only 0.53% . The com-
prehensive technical efficiency was positively correlated with the turnover rate of beds, annual visits per
doctor, the ratio of doctors to nurses, and negatively correlated with the number of beds, the ratio of out-
patients to inpatients, the proportion of medical technical personnel, and the proportion of drugs.
Conclusion; Future health policies should strictly control the scale of tertiary public hospitals, pay atten-
tion to the innovation and application of hospital technology, change the hospital internal management le-
vel and management model, promote refined management, and achieve sustainable development.

KEY WORDS Tertiary public hospitals; Efficiency; Data envelopment analysis; Influencing factors

HEE&WHE: ERARBIE4S (71774006 ,71373013) ¥ 1)) Supported by National Natural Science Foundation of China (71774006, 71373013 )
A Corresponding author’ s e-mail, hfang@ hsc. pku. edu. ecn
4% HARRT 18] :2018-5-8  9:21:43  RIL& AR HE : hitp . //www. enki. net/kems/detail/11. 4691. R.20180508. 0921.018. html



g SR | SN T GARVALS U3 € S BN AL S

- 409 -

2009 4 H [ T 46 AT 37— 56 BE 7 AR TR i e
E N SNV VY O SO e U U sl N S o
PN R e 2 7 BE e AR AE B, DAL IR 55 i 7R
R A5 A ST I It 0 IR 45 5 ek AR S S I e
Hh ST TR IR 5 R 2R R BRI A ST B BERK
RN TG i e B B 1) A %
o AbmHASIE R E R, R =g
5%, T ARk 24 M I el B 1) AL ] P, 38 P25 4 [
B B EEMEZSE B IR YT , 0T LA b 50T = 00 37 I By
BORPATRT TR A N BB, et st B ko
HIRIFFE A2 2 B R 0 X R B A IX T A
45 vt (3 ) L 118 A R o B B B AT T OB
FE T AR TR R AL BT = S EE BRI RR
PEATHAS (BN AN 4 8 23 ke, T LAAS B e 0 b 5 i
ZYRNSLIEBE 2006—2015 AERIRCRHEATITEMY , 30
FMA R R IEAT T , DS AL A 57 BE B RCR IR
Wi , A5 S B R AR B B

1 ARSRE

L1 BERPkIE

BRI T 2006—2015 4EJb 50T AR ARl
AH 2 Do g i (b st AR AR AR SRR
BE) , BORMUAE L 5 T BE B £ 2006—2015 4EFEAC K
Ol AR SR G O A N 718 100 B B2 9 e 5517 L
S ARBETE A AR AE 1) =G R B N ESE
X BR AR E R 5 , 3T 47 K, Hp LR s
BB 25 K ERHERE 15 5 R R EERE (45 b
LA BEREMREERERE) 7 Ko i T JE Xk =
PN BEBE o> il X R e (AL T3 B AR F 5
MEVE AT PUI) GBI BERE (AL T B R%
J L W SC G M) I AR X B BE (AT k3 R
B PAER) .
1.2 Bt skt

1957 4 Farrell 41 1y T 2053 #1876 H 3L il
I, Charnes 27 1 g T ¥R A2 2% 4397 ( data envelop-
ment analysis, DEA) , B J&—F i F I AE S BT HT L
ROk S EAZRA Z7 NI E R RS
RV A Bar 0 SE I . DEA K 803 1 il
FEXT SRR R P 3K 0.0 ( decision making unit, DMU ) |
PEA[A] — I A ) DMU 8 ] DEA F8S rpi) CCR
RUFN BCC BLRY 5i i E 45 4 nT LI TR 25 A H R
%% (technical efficiency, TE) | B4l £ R ZCR (pure
technical efficiency , PTE ) FIFAR SR (scale efficien-
ey, SE) " BRSO R J— > DMU ARk
A R, BEAREE RS DL, BORBER ™ th ok

e, 7 I BEE RITEOL T, BOARBCR i A/ ME
el . MU AR YA P BT E— E MR bz
Frmy A P BT ik B AFI B R FE 3, 2
REPRBAT R T, 2 S Bullces TR a0
PR IZAT RN TIZ AN, IR 1% 42 7 B JT
T REEME, A5 CCR BRI ok
LR BRI A BRI Z B 5 O T 15
R AY , (HR A BE S v S I S 28 Ak, BT LA
A5 BORBCR B AL & A 45 87 Y o 7 BCC A5
R B SIS a5 AT AR, BT LAAS: H R Y B Al AR 2K
R E B ) o

Xt F AR s3] Y DMU 0GR AR Ak iR I 5, % F
DEA-Malmquist 45§ $0 855, Fire %% 75 1994 4F %
i DEA J7 353158 Malmquist 540, FH 7R PIAS
HIIN 2 ZEZE H: 72 3 (total factor productivity, TFP) [
A, Malmquist F5ECATHE—2 73 A A J5 T 7S
b — 2 ITH DMU 723 N B BORZOR 748
1k (technical efficiency change, EC), — ZA: P4 AR 1
754k, (technological change, TC) ,7E DEA H1 J A= 7=
RV GRS o EC AT gE—b o0 o B alif R o as
Zfj(pure technical efficiency change, PTEC ) F1 #4554
RASH (scale efficiency change,SEC) .

A5 F) F Excel 2010  Stata 13. 0 #5434 74%
P S AFIAEH 551 2006—2015 4F [ |58 52 i 14 T Al
Bl i Max DEA 2452 i DEA , H b FJ ] DEA
R CCR BEAYUFN BCC LAY 43 Hr b 5 ot 4 8] =
N 7 R B 1 RS AR A, A DEA-Malmquist
TEECBAL S 1 2006—2015 44 [] Bisf 9 15 e 3 25 44
x,

BT MR 55 i A P s B R Be i ok A P BER A
RSB, AW FEHE T D8R (Marshall ) X Az 7= B2
(R FEAS S RFR XTI T = A ST BERE R A B R
BT, BIERIFEER, B e e R WX Jr
TS A2 AR N DB HUGE AR,
FEBE e T2 SR B A AR, X 5 T iy AR ME R AR
JESLAIRNBEL . 381, AR A SCHR £k AU (1 W] 45
PE AFTER SEA RO A FoAR N 5B E A
FEbR 1202 AU BE N BRI 55 WO A S 7
TEAR , RO 22 S A TR PR 04 TR LR 1
1.3 FHLAV TE AR Tobit &A1

Tobit [a] A HY fiz 7 (5 DL IR & 55 7 AR &
James Tobin > 1958 442 1}, 2 J& T A 7% it 52 3| IR
il B — TSRS ASBIFSE T 455 RS 23 A U
TR O ~ 1 fF7EAE T 1 #0R [R) 8, 753X A1 L
T R R/ N e, AN REAE B — By Ak Tt X



| A~

PN S O
- 410 - JOURNAL OF PEKING UNIVERSITY (HEALTH SCIENCES)

BEo R )
Vol.50 No.3 Jun. 2018

Tobit #ERY gl Ji S il T 81 090 R B iy — > B ik
XY R A TR A 55 PSRy, — e R

N PYRRAF R T R, 5 — R L AR OR

PRI E S A I R BBy ", = v B +
i+ &y, FH T AR, AR, &, AR
I, X F AR , {5 J& Tobit BEHLAN AR

R AT =R EB B SRR LT

Table 1 Basic information and statistics result of input and output indicators of the tertiary public hospitals in Beijing

Indicators 2006 2007 2008 2009 2010
Input
The number of beds 729 +384 740 +392 761 +397 786 +414 818 £433
Total health technicians 1 036 692 1 161 £765 1 184 781 1204 +778 1323 816
Output
?‘i‘i‘gicﬁ;‘:’;gzﬁ‘;’fc““ visits/ 73.33£67.44  78.06 611 157  86.87 £66.70  92.92+69.34  107.36 +81.40
?iiclhgfg;:o;’f‘:)‘m/ 1.47 £1.20 1.58 +1.25 1.76 +1.38 1.94+1.53 2.13+1.70
Business income /( x 10* yuan) 44378 +37 268 48324 39703 52493 +41 851 61 547 +48 475 65 103 51 156
Indicators 2011 2012 2013 2014 2015
Input
The number of beds 821 +434 841 +448 863 +459 894 484 911 £494
Total health technicians 1390 +841 1510 +889 1 552 £969 1571 £951 1 645 £999

Output

Outpatient and emergency visits/
( x10* person-time )

Discharged patients/
( x10* people)

115.47 +85.10

2.36 +18 588

73 885 +56 989

131.83 +£95.01

2.67£2.07

86 473 +64 902

144.12 =1 02.51

2.99 £2.34

95 064 +70 964

153.45 +107. 80

3.27 £2.54

110 085 £92 437

156.53 +108.58

3.40 £2.67

118 039 +87 705

Business income /( x 10* yuan)
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Table 2  Assignment table of explanatory variable

Factor type

Variables

The environment and policy

Location; Urban hospital =0 ( control) , suburban hospital =1, outer suburban hospital =2; Health reform: Before

health reform =0 ( control) , after health reform =1

Hospital characteristics

Type: General hospital =0 (control) , special hospital =1, Chinese medicine hospital =2 ; Management systems: Com-

mission hospital =0 (control ) , municipal hospital =1, district hospital =2, other hospital =3

Management factor

Hospital scale The number of beds
Health service The ratio of outpatients to inpatients
Hospital productivity
Health staff structure

Health expenses

Average length of stay; Bed occupancy rate; Turnover rate of beds; Annual visits per each doctor
The number of health personnel; The proportion of medical technical personnel; The ratio of doctors to nurses

Average outpatient costs ( Yuan) ; Per capita hospitalization cost ( Yuan) ; The proportion of drugs

®£3  JLatil 2006—2015 4F =LA SL B BER 55 B0
Table 3 Service efficiency status of tertiary public hospitals of Beijing in 2006 —2015

Items 2006 2007 2008 2009 2011 2012 2013 2014 2015
TE 0.44 0.58 0.58 0.52 0.61 0.66 0.65 0.57 0.62
PTE 0.51 0.64 0.61 0.57 0.65 0.68 0.68 0.64 0.68
SE 0.87 0.89 0.94 0.90 0.94 0.97 0.96 0.89 0.91

TE, technical efficiency; PTE, pure technical efficiency; SE, scale efficiency.
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Table 4 The distribution of comprehensive technical efficiency, pure technical efficiency and scale
efficiency of tertiary public hospitals of Beijing in 2006 —2015

2006 2007 2008 2009 2010
Ttems
n  Constitute ratio/% n  Constitute ratio/% n  Constitute ratio/% n  Constitute ratio/% n  Constitute ratio/ %

TE

0- 24 51.06 13 27.66 14 29.79 17 36.17 11 23.40

0.5 - 18 38.30 24 51.06 20 42.55 19 40.43 28 59.57

0.8 - 2 4.26 6 12.77 6 12.77 5 10. 64 4 8.51

1.0 3 6.38 4 8.51 7 14.89 6 12.77 4 8.51
PTE

0- 18 38.30 10 21.23 12 25.53 13 27.56 11 23.40

0.5 - 24 51.06 27 57.45 22 46.81 23 48.94 28 59.57

0.8 - 2 4.26 6 12.77 6 12.77 5 10. 64 4 8.51

1.0 3 6.38 4 8.51 7 14.89 6 12.77 4 8.51
SE

0.5 - 9 19.15 7 14.89 5 10. 64 8 17.02 8 8.51

0.8 - 35 74.47 36 76.60 35 74.47 33 70.21 35 74.47

1.0 3 6.38 4 8.51 7 14.89 6 12.77 4 8.51

2011 2012 2013 2014 2015
Ttems
n  Constitute ratio/% n  Constitute ratio/% n  Constitute ratio/% n  Constitute ratio/% n  Constitute ratio/ %

TE

0- 12 25.53 8 17.02 8 17.02 15 31.91 11 23.40

0.5 - 20 42.55 19 40.43 20 42.55 20 42.55 23 48.94

0.8 - 9 19.15 13 27.66 12 25.53 7 14.89 14.89

1.0 3 6.38 4 8.51 7 14.89 6 12.77 4 8.51
PTE

0- 11 23.40 8 17.02 8 17.02 13 27.66 9 19.15

0.5 - 21 44.68 19 40.43 20 42.55 22 46.81 25 53.19

0.8 - 9 19.15 13 27.66 12 25.53 7 14.89 7 14.89

1.0 6 12.77 7 14.89 7 14.89 5 10. 64 6 12.77
SE

0.5 - 9 19.15 7 14.89 5 10. 64 8 17.02 8 8.51

0.8 - 35 74.47 36 76.60 35 74.47 33 70.21 35 74.47

1.0 3 6.38 4 8.51 7 14.89 6 12.77 4 8.51

Abbreviations as in Table 3.

RS ALHTI = BE B 2006—2015 45 [H] LB IHF L
Table 5 The scale of return of tertiary public hospitals in Beijing in 2006 —2015

Items 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

CRS 3 4 7 6 6 7 7 5 6

DRS 38 35 31 37 30 19 29 39 37

IRS 6 8 9 4 11 21 11 3 4

CRS, constant returns to scale; DRS, decreasing returns to scale; IRS, increasing returns to scale.
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Table 6 The total factor productivity change status of tertiary public hospitals of Beijing in 2006 —2015

Year TFPC EC PTEC SEC TC
2006 -2007 0.949 1.299 1.264 1.028 0.731
2007 -2008 1.058 1.002 0.951 1.054 1.056
2008 -2009 1.114 0.900 0.938 0.959 1.238
2009 -2010 1.040 1.050 1.030 1.019 0.991
2010 -2011 1.069 1.125 1.095 1.027 0.950
2011 -2012 1.093 1.084 1.054 1.028 1.008
2012 -2013 1.098 0.978 0.990 0.987 1.123
2013 -2014 1.079 0.879 0.945 0.931 1.227
2014 -2015 1.031 1.083 1.061 1.021 0.952

Total 1.058 1.038 1.032 1.005 1.019

TFPC, total factor productivity change; EC, technical efficiency change; PTEC, pure technical efficiency change; SEC, scale efficiency change;

TC, technological change. TFPC = EC x TC; EC = PTCE x SEC.

Lar — TFPC — EC TC
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Figure 1 The trend chart of total change productivity
of Beijing in 2006 —2015
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Table 7 Tobit model results of tertiary public hospitals of Beijing

Variables B SE VA P 95% CI

Health reform policy ( control group: before health reform) 0.032 0.015 2.19 0.028 (0.003 4, 0.061)
Location ( control group: urban hospital )

Suburban hospital -0.38 0.10 -3.79 <0.001 (-0.58, -0.18)

Outer suburban hospital -0.083 0.15 -0.54 0.592 (-0.39,0.22)
Hospital type (control group: general hospital )

Special hospital 0. 066 0.058 1.14 0.256 (-0.048, 0.18)

Chinese medicine hospital -0.083 0.071 -1.17 0.243 (-0.23,0.056)
Management systems ( control group: commission hospital )

Municipal hospital -0.002 6 0.048 -0.05 0.957 (-0.097, 0.092)

District hospital -0.12 0.11 -1.06 0.290 (-0.33,0.098)

Other hospital -0.079 0. 060 -1.31 0.189 (-0.20, 0.039)
The number of beds -1.2x107* 5.6 x107° -2.22 0.026 (-2.3x107%, —-1.5x107%)
The ratio of outpatients to inpatients -6.7x107* 3.1x107* -2.17 0.030 (-0.0013, - 6.5x107%)
Average length of stay -4.6x107° 7.3x1073 -0.62 0.533 (-1.9x107%,1.0x107%)
Bed occupancy rate 4.8x107% 3.6x107* 1.30 0.192 (-2.4x107*,0.001 2)
Turnover rate of beds 0.0019 6.1x107* 3.17 0.002 (7.4x107%,0.003 1)
Annual visits per doctor 7.9%x1075 1.1x107° 6.91 <0.001 (5.7x107°, 1.0x107%)
The number of health personnel 2.5x107% 2.7x1073 0.95 0.341 (-2.7x107%,7.7x107%)
The proportion of medical technical personnel -0.57 0.10 -5.72  <0.001 (-0.76, -0.37)
The ratio of doctors Lo nurses 0.084 0.029 2.85 0. 004 (0.026, 0.14)
Average outpatient cost (yuan) 1.2x107* 1.1x107°* 1.09 0.277 (-9.6x107%,3.4x107*)
Per capita hospitalization cost (yuan) 4.9%x1077 1.1x107¢ 0.43 0.667 (-1.8x107%,2.7x107%)
The proportion of drugs -0.19 0.11 -1.77 0.076 (-0.40, 0.020)
Constant 0.89 0.12 7.40  <0.001 (0.68,1.1)
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