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Table 2 Parameters Values of Equation (9)

Z% B H 95% B {5 X A
o 20. 860 [20.280,21. 440]
B 0. 420 [0.417,0.423]
X1 0. 053 [0.049,0. 056 ]
a, 11.910 [10.200,13.630]
B, 0. 355 [0.353,0.358]
Xz 0. 030 [0.027,0.033]
o 12. 520 [12.050,12.990]
Bs 0. 595 [0.593,0. 596 ]
Xz 0. 053 [0.050,0.055]
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FLEE | SSE 4 12.900, R*40.873, 8 %% i R4 0. 870,
RMSE #70.258,,(10) X 1 B9 2 BB {E . 374,

®/4 (10)RNSHE
Table 4 Parameters Values of Equation (10)

23 Lrgicl 95% BAR X [F]
pa, 1.942 [1.845,2.039]
pB;  17.960 [16.590,19.330]
o 8,327 [3.664,12.990]
pe; 0. 850 [0.029,1.670]
pB: 7.340 [2.012,9.669]
e 5.248 [3.307,7.189]
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Heo A hERFaTE, QWA) N B EFFNIKE,
8 ~80~0y1~7; HEEL,

SHELBEML, ZU S RBAEARFHUE
FLEE, SSE k2425, R 0.709, 8% 5 R 4 0.692,
RMSE }34.148,, (16) X i) S B A W &S

x5 (160)NSHE
Table 5 Parameters Values of Equation (16)

S LIl 95% B 5 X 8]

8, 13. 700 [- 160. 900,188. 300 ]

a, 5.521 [0.812,10.230]

Ty 6. 218 [-27,39.440]

8, 10. 360 [~ 53.730,74. 440 ]

oy 13. 610 [7.345,19.870]

T2 4. 076 [-2.461,10.610]

8, 5.986e+15 [-2.345¢+20,2.345e+20]
o; 467. 400 [-5.343e+5,5.352e+5]
T3 78.050 [-4.668e +4,4.683e +4 ]

MBI, RESFHESRESHFAI K
EERNHNBE R, AL LG K EXE, Fi2
e (5] Bl 3 A 5038 1 8 (P o 2R AL R
X fi] ), 0 A 46 X ) U B (AR AR SR
@) . HEI0FM(16) XAl 5, BEBRFIE3 A8 AKX
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Table 6 Parameters Values of Equation (17)
B B fd

po, 877. 600

95% {7 X 8]

[-1.129e + 8,1.129¢ + 89]

el 7.716 [- 46.660,62.090]

X1 3. 694 [~ 325.000,332.400]

pa, - 875.700 [-1.129¢ +8,1.129% + 8]
PB: 7.715 [-46.730,62.160]

PXa 3. 689 [ —325.500,332.900]
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Table 7 Parameters Values of Equation (18)

SR LIl 95% B 5 X 8]
8, 21.610  [-238.500,281.700]
o, 14.240  [- 108. 800,137. 300 ]
T 5.644  [-158.600,169.900]
8, 7.371 [- 192,300,207 ]
(8} 6.346  [-21.040,33.730]
T2 3.503 [-24.670,31.680]
8, 6.243  [-9.707,22.190]
;3 2.267 [-1.048,3.486]
T3 2.048  [0.859,3.238]

W B2 5, o ERHT 2 0 B S5 T E R
BESFSHONIIREMEMEBHBE LK, EIIME
12358 B A BF 98 42 i A B 4 IR 95 %R - R E 1R BA S
KE-SHNEXREARMNMEPHRAEREN
R EEARERBEA —ENEEME,

52 E-MEARNRRUEBEIER

AWFEE T ERBREBE 1288 B A RS ROR
-BESHAFNRE - S EZEHERXE,
HEMXREARNEARERFAITRERE A

FIREEREK . MAKR B, MI\EAB RS, &
— N TELERRETENTEARERIT2MR
FERGEMERR TRFBRERERX RN SHHE
B, WE13,

1
1-1 W2 1 12 AR | aear 3
+ ol g
1-2 B R L—EE TR
i
1k
2 B
21 IR |2 W
! a e
— —| (A7 '
22 B BEEIIIKENE || %2
2
B13 —feEE

Figure 13 General Model

BB H — B TR R 2 N3 B3R O S
BEWNBRE QELUE -IIIXRELH, ORI
ERRIIZCAZHBEEENERYR. £BLEE
MERYEN , TEREWRENSHRS RE, IF o6
ERRBETRERLEMM IR GCRFHOL: ERE
SERCER - BAI R R R MR, R BT & B B iR
55 RO W B T 3 R R K RS BB K BE B Oy
B EALRFEEERGRAETHFLEE LR,
BT 5 I ik oA BOR B0 BA Y BR B, AT LR 38 A (]
RN AR R, ELEERRRE, EEME R
LA E R R RS B B e R GRS A&
E. BTHPRAESHREMARMNBER, ZER
BRI BRAB R0 2, T 2R BUK JOHR 4 38 4
ARIFKIERERITEFEREN.

6 BERBUANZEEERIL

2 BF 5 B B 0 SRR SR BROBOHE BR B 1Y 07 3L B
BBt 122 B B R 5 S R AT R 00 W B, 9F % 8
BEMRNTRE, HFTMFBER G ITFMAHART
AR NERRRE REMRMAP TR T Braoaie
Bl  AAERMHELE N, AN, AHRESE L
FTEHEENIBRPREERNNTCRAGEZELRE
R A SR B B AT A AT X AR B R, F 48
KW
6.1 Big RN

251 5 38 o 1R R O o B O ik R BB A R 5
M - BEFFIFIRE - %5580 8 2 B 1 E fit %
&, BB A R 57 303 B A B S R BA B K BE H 3% n T
", BESEHFANIIAR —ERKE)E, BERSBE
W& B E SRS B A9 I8 o FEfIR, EE UE X
5 BBE 09 S5 i (5] BE <5y BA B A BE A4 3 b i 4
EHRHEEK, BER NI EPHBKERERE



82 B R ( Journal of Management Science)

2019 4£ 11 A

PeahtE  EFFUIRT—EREG, S EEH
SRR MBS . A0 i ) B B R 5T R 6
WEoE o, B A oh 2 B (LS A B IR 5 AR AT I
FREBERRE WS BRGNS, WS
RO B B E RCR B9 3 hn 2 B0 NJE B9 3 il £
EMRAEWREXERERSNERARNTLCESR, o
HroF R AU R IR R B e, it — PR HAE
FRAFIKE -SBEZBRHBE#EEXR, ER
BEUEMBHEXRRM R, VERRERT2EE
BRETHHEEER TRTEREHEEBERS
ERHERAREMLMAEE, B R 68 E 5 i &
TRERRF ARG ERZE, hEHEF AR
EEREBPHNMARBETEESS,
BURXRE W ERBT B4 MRS58+ R
G M TR EEL & WEE, THETETF
MOBRE TR, 78 B B AT 8 55 M R SEIETF R
BEEW™ BT S R R R H SRR BB K B
BRNERHEANEWAFEREETLEEXR, EUE
RBTEXSIFENEN—FRR RS, KRS
B E 5 R 55 B R A — N R, X
AT E R RR BT E N A S S T B R
M RZGn, TR R EBRBERFSALRS R
BHESR
B AR RBEFEARBERRAN—TERR
R BREBEAT EER -, A R & RS
RAUBR TEANRREAREBREKETE, EXEFILD
FTEHBENEBERSELERFUENRERE, F
AARERBI R IER T2 R G IR 57 S0 77 i, &
GX RN BERY AT R REEATE, X
2 X5 R P9 B 9T B UK BT X e 3 R AR 55 A 3R
1248 H BB B B SR A o
6.2 12 F £) 5 B8 89 SC 56
SAPE-ERBERFHEERRBAH]
LR, EABHERI MRS HES T, R
CRATHELT , AR EZMEMRT ERREE
SHBERNGHNRE, BLOTEEES HANERFHN
6o WABFFRALAE W, X F X3 T EREN]
LRGE,RERSBEET OES K HAF R,
HAIARUEREN L B HAEFFHESR
It R %5 B R K AEA
CIENERTAEERESHEN/NERE
EHRFEANEAESR LT EREEKXY
RS, BT EREEFRS FRAESRE, ]
CREHEENH/NE TR BERNITSEL.
% B Br iy TR N B A BR B B9 B BN ROF R B2 3 H
M2ETHERRN THERENFREMR. AEHRE,
BRX—-AZWEEATRERERRE —EEH
PR F e, S BOBR B B TR 45 3R AR, T 2 Y
> %45 2 B (6] B R e AR B3, B E L B R B
EHFEERFBETREREZERNRNET
EXHERT, —HE, REERSEESRER
/Mg T R B o B AP 4T 3 E R AN e A,

1 B HE O B A 35k BURE o B, o OR 4% R [ R
BIRAE: B —FmE, % TR HEMSFADARE
Be, BT EEIHENZEER FESBERK
MIERHE FRFEHHRER.
6.4 ERR SR 1212 [ 8 E i TP

FECEEEH TE T ERETMERF B
B ERESIMEX - 3B REMELEMN 2
HMAEENSERLFRAEANERFRERE. HEHE
“HEM+ "Bt E"SFERAER U L&Y
ARE R, KB B L T Bh & A 5L T A R R A
EEBRAZE MFVRIAHSRE RERASR
BEHRES A - LEERBEFRESAHNREAA
BHESI EESGRERNSRETONSE. X&EF
BRANBR#HEE M BRE, BE LT RMEF KB
TR RS . XFE— R BRI T EBRMAN R
WA (B[] 3 26 B B A LB T X LRI Y
MRoEME, REAFRER, ERINEAEE
Bl or BB M R R T T —Br BB & AWt
T, BB B RS BERI A —-EHRRL
BURFUENRA. WERFARZBRUE, TR
B T B M A, 2 IR 55 3 3R 4R T A9 Bir B R A
[ X 18]

EXMER T, KEEREELFRLTFER
Fr 5 26 B BE AR 95 20 R 6 /] i, A 0 0l 5 X B B R
RS, NRABANTT2 RAE KRS MR
MAKE, 2HhEBE AEAMTEMHRNERREMNR
&, LIEE A B RS AN R R A S RS
MR EE,

7 &ie
AMAENBREEIORALER, AL REE
B, USRI RRA, REEE X RS B
ENBEMABERITZAEMFARSBER KR
HGHE. MRGRRA ELENRSFBEERE
R ANBHZ P BAEBEB MR, BFEREXT
—ERER BEEMMFEARTRE, 2HUEXR.
RTX—RA - S REBEFHNIRESH
fof iF 1B 2 (6] ) B BB TR 56 2R, AT 348 7 1 BR 4R IR 55 3K
R -BEFFAIIKE - S0 A =& Z B E it
KR HFHERETHALRXARBEERSUEN
Hiko
FHANEEBTAKERN RS REHGEME,
TE J5 2T 55 o T LA E & 4 BE B 5RO i 5 R AR R
FRHRAEAXLHEAR AN EY RAARH
I RFHE , 855 FH 5 5 F0 7 S22 W B, 12 8
TIORs of B H A BE AR IR S5 SR MR o 8 W] LA 4R
WHOEE , 2@ EBERMNTZRALN AR B &L &
MEHEFHENRSRE, FEEEMLBAZ
AAARERRAHEL, RABERUAELHE
BRIT2RGZE SR, £ KE RLBIE T ME
HEH R L BT ASEZAVHREESITHER
B, BTHER,ETUFES AL EEHE, T



4 6

SRS R OR s 9 K BB B 1112 R G0 MR 95 2808 5 [ 3 52 83

RERMNZEZEEHN LA RRTH TH,

SEXR:

(1]

R, STl BT IR MBS - E A S ROE. A&
B3R ,2010,17(9) ;108-112.

DAl Yingzi. Study on the allocation of medical resources in
cities ; disequilibrium and correction. Urban Studies , 2010,
17(9) :108-112.

(2] dbst b e e AR b . B H S B e 4 34 F 5 BT 24 A

[3]

[4]

(5]

(6]

[7]

[8]

[9]

[10]

(2015 4P BE ob [ i BE B 4 A HE AT R D < b BB A R
B e - 6 UG . VR EE 3, 2017 ,8(1) 3.
Propaganda Department of Peking Union Medical College Hos-
pital. Fudan University Hospital Management Institute an-
nounces “2015 China's best overall hospital ranking™ ; the
Peking Union Medical College Hospital topped the top of the
list for seven consecutive years. Medical Journal of Peking
Union Medical College Hospital ,2017,8(1) 3.

Bl SR, SR R A A R RS BT AR L
Wiz B Kk RS EERE,2017,30(1) :83-94.
LU Xinyi , ZHANG Runtong, ZHU Xiaomin. A study on the
relationship between patient preference coefficient and treat-
ment tate of medical and health institutions. Journal of
Management Science ,2017,30(1) :83-94.

HRIEA, akme e, XSS, AF . BN YK B0 Y L B R
FEBUR RS RYE. BERNF,2017,30(1):3-
14.

GUO Xitong , ZHANG Xiaofei , LIU Xiaoxiao, et al. eHealth
service management research in the big data era; challenges
and future directions. Journal of Management Science
2017,30(1) :3-14.

e, FERE, FEE N E LN EAESNERS
B PEEREERE, 2010,26(2) :90-93.

ZHANG Zhigiang , L1 Qingfeng, FANG Zhihua. Practice and
review on real-time hospital booking registration. Chinese
Journal of Hospital Administration ,2010,26(2) .90-93,
B, N . FEA RIS R E A2
AWK TR RETEEL S5XRK,2017,37(4) 928
936.

CAO Pingping , TANG Jiafu. A decision-making method for
outpatient appointment with multiple doctors considering no-
shows. Systems Engineering - Theory & Practice ,2017,37
(4):928-936.

fA#F BRNOZCAHAGHREIT-BFEARKX
BEBAVS. &0 o ER S H AR K, 2017:1-51.
ZHOU Qi. Optimization analysis of hospital clinic appoint-
ment system :a study based on a large hospital in China.
Hefei : University of Science and Technology of China, 2017
1-51.

HARRIS S L, MAY | H, VARGAS L G. Predictive analytics
model for healthcare planning and scheduling. European
Journal of Operational Research ,2016,253(1).121-131.
RIISE A, MANNINO C, BURKE E K. Modelling and solving
generalised operational surgery scheduling problems. Comput-
ers & Operations Research ,2016,66:1-11.

HARPER P R, SHAHANI A K. Modelling for the planning

and management of bed capacities in hospitals. Journal of

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

g

[21]

[22]

[23]

[24]

[25]

[26]

the Operational Research Society ,2002,53(1):11-18.
HE, PR, . B B B A e 07 55 3R It
AR . EEBIEIE,2011,23(1) :121-128.

BAI Xue, LUO Li, LI Rongmei. Operating room scheduling -
research overview and prospect. Management Review ,2011,
23(1):121-128.

LI F, GUPTA D, POTTHOFF S. Improving operating room
schedules. Health Care Management Science ,2016,19(3) .
261-278.

ABUALENAIN J, FROHNA W ], SHESSER R, et al. Emer-
gency department physician-level and hospital -level variation
in admission rates. Annals of Emergency Medicine ,2013 ,61
(6) :638-643.

LUSCOMBE R, KOZAN E. Dynamic resource allocation to
improve emergency department efficiency in real time. Euro-
pean Journal of Operational Research ,2016,255(2) ;593
603.

BATT R J, TERWIESCH C. Waiting patiently : an empirical
study of queue abandonment in an emergency department.
Management Science ,2015,61(1) ;39-59.

BEN-TOVIM D, FILAR J, HAKENDORF P, et al. Hospital
event simulation model ; arrivals to discharge - design , develop-
ment and application. Simulation Modelling Practice and
Theory ,2016 ,68 :80-94.

YANKOVIC N, GREEN L V. Identifying good nursing levels
a queuing approach. Operations Research ,2011,59(4) :942
—~0355.

ZACHARIAS C, ARMONY M. Joint panel sizing and appoint-
ment scheduling in outpatient care. Management Science ,
2016,63(11) :3531-3997.

SHI P Y,CHOU M C,DAI J G, et al. Models and insights
for hospital inpatient operations : time -dependent ED boarding
time. Management Science ,2016,62(1) .1-28.

ARMONY M, ISRAELIT S, MANDELBAUM A , et al. On pa-
tient flow in hospitals ; a data-based queueing-science per-
spective. Stochastic Systems ,2015,5(1) :146-194.
ROHLEDER T R, LEWKONIA P, BISCHAK D P, et al. U-
sing simulation modeling to improve patient flow at an outpa-
tient orthopedic clinic. Health Care Management Science ,
2011,14(2) :135-145.

QU X L,PENG Y D,KONG N, et al. A two-phase approach
to scheduling multi - category outpatient appointments : a case
study of a women's clinic. Health Care Management Sci-
ence ,2013,16(3) :197-216.

BARON O, BERMAN O, KRASS D, et al. Using strategic i-
dleness to improve customer service experience in service net-
works. Operations Research ,2014 62(1) :123-140.

JIANG L X, GIACHETTI R E. A queueing network model to
analyze the impact of parallelization of care on patient cycle
time. Health Care Management Science ,2008 ,11(3) ;248
-261.

BRAHIMI M, WORTHINGTON D J. Queueing models for
out-patient appointment systems : a case study. Journal of
the Operational Research Society ,1991 ,42(9) .733-746.
GREEN L V,KOLESAR P J, WHITT W. Coping with time-

varying demand when setting staffing requirements for a serv-



B R (Journal of Management Science)

2019 4£ 11 A

[27]

[28]

[29]

[30]

[31]

[32]

[34]

[35]

t,2007,16

ice system. Production & Operati
(1).13-39,
MARDIAH F P, BASRI M H. The analysis of appointment

system to reduce outpatient waiting time at Indonesia’s public

Manag

hospital. Human Resource Management Research ,2013,3
(1):27-33.

ALLON G,DEO S, LIN W, The impact of size and occupan-
¢y of hospital on the extent of ambulance diversion : theory
and evidence. Operations Research ,2013 ,61(3) :544-562.
DAI'J G,SHI P Y. A two-time-scale approach to time-var-
ying queues in hospital inpatient flow management. Opera-
tions Research ,2017 ,65(2) :514-536.

KC D S, TERWIESCH €. Impact of workload on service time
and patient safety : an econometric analysis of hospital opera-
tions. Management Science ,2009,55(9) :1486-1498.

KC D S, TERWIESCH C. An econometric analysis of patient
flows in the cardiac Intensive Care Unit. Manufacturing &
Service Operations Management ,2012,14(1) :50-65.
FINDLAY M, GRANT H. An application of discrete-event
simulation to an outpatient healthcare clinic with batch armi-
vals // Proceedings of the 2011 Winter Simulation Confer-
ence. Phoenix , AZ ,2011;1166-1177.

JAEKER ] B, TUCKER A L. Past the point of speeding up :
the negative effects of workload saturation on efficiency and
patient severity, Management Science ,2017,63(4).1042-
1062,

WIEWICKRAMA A K A, TAKAKUWA S. Simulation analy-
sis of an outpatient department of internal medicine in a uni-
versity hospital // Proceedings of the 2006 Winter Simula-
tion Conference. Monterey , CA ,2006:425-432.

BARIL C, GASCON V ,MILLER I, et al. Use of a discrete-

event simulation in a Kaizen event;a case study in health-

[36]

[37]

[38]

[39]

[40]

care. European Journal of Operational Research ,2016,249
(1):327-339,

BEaEW], B . BEBETT 2 R 9 AR ST GPSS/H Al 1L &
HERI BEAFXR(BRVIESEER),
2002,23(1) :60-65.

XUE Xueming , XUE Shengjia. Simulation with GPSS/H for a
hospital clinic service system and its result analysis. Jouwrnal
of Jinan University ( Natural Science & Medicine Edi-
tion) ,2002,23(1) :60-65.

KR, F A, BEE. ETIFHAMSNER] 2
ks ek E. TWTES5EE,2016,21(5):129-
133, 140.

ZHU Mingzhu , QI Ershi, YANG Fuqin. The resource optimi-
zation of service desks in the outpatient based on the open
queuing network . Industrial Engineering and Management ,
2016,21(5) :129-133,140.

AR, HEBERS , B 5 4. B T MedModel Y B B £ 5 I 72
a5k TUTESEE,2006,11(6) :59-63.

SU Qiang, YAO Xiaoyun , SHI Jinghua. MedModel based hos-
pital registration process simulation and optimization. Indus-
trial Engineering and Management ,2006,11(6) ;59-63.
PR, T, 0 . BRI 2 2 D IS5 AR A i AT
5. PEER BB R, 2007,23(3) :158-160.

CHEN Tong , WANG Lizi , LIU Zixian. Study on the design of
service system of hospital outpatient pharmacy. Chinese Jour-
nal of Hospital Administration ,2007,23(3) :158-160.
PR BRI, F AR SRR i CT Rz 75 Tl
A RSk TWITE58E,2015,20(1) :77-84.
LUO Li, SHEN Xiaojun, YAN Xueyong, et al. Simulation
and optimization in CT examination appoiniment considering
the situation of unpunctual patients. Industrial Engineering
and Management ,2015,20(1) .77-84.

Relationship between Service Efficiency and Patient Flow in Large Hospital
Outpatient System: A Data Driven Perspective
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1 School of Economics and Management, Beijing Jiaotong University, Beijing 100044, China
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Abstract ; Existing studies on hospital management mainly focus on the resource optimization for inpatient system, as well as the

outpatient system with patient appointment mode. Few researches have been done on the outpatient system without patient ap-

pointment made in advance, especially concerning the featured operational procedures hidden in outpatient system with walk-in

service mode.

In the scenario of heavy load outpatient system, exploratory data analysis, regression fitting and correlation analysis are a-

dopted in this study. Using real time stamp data of the hospital information system generated for the patient hospital visits, this

study mines the relationship between service efficiency and patient flows to identify the relationship among “service efficiency -

length of patient queue — and waiting time”. Based on this, a general mode on outpatient flows with multi-service-stages of outpa-

tient system is designed to mine the operational procedures for outpatient service system.

Data experiment indicates that with the increasing of service efficiency, the length of waiting queue increase and then goes
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down, as an inverted “U shape”. Meanwhile, with the increasing length of waiting queue, the waiting time increases periodically
like a “stair shape”. Results of this exploratory data analysis show that the service efficiency has potential relationships with the
patient flow. This relationship feature can be used to adjust the patient flow and service efficiency in different stages.

The study results also indicates hospital management with multi-service-stages of outpatient system from informationalized
perspective is of vital importance to increase service efficiency for outpatients and mitigate the hospital services resources.

Keywords ;service efficiency ; patient flow;data driven;length of queue;waiting time
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