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Abstract

Healthcare service industry is facing the problems of high cost and insufficient
resource. In this highly competitive industry, how to evaluate and raise performance
becomes an important issue. In order to achieve better performance, Clayton M.
Christensen mentioned that healthcare service providers should be separated into three
business models, Solution Shop, Valued-adding Process Business and Facilitated
Networks, which depends on what kind of the healthcare service they provide, and each
model has its own management focus and performance evaluation indices.

Balance Scorecard (BSC) is a very.common.tool for performance evaluation
nowadays. However, BSC does not consider the effect.of time lag and does not consider
the interactions between key.perfarmance indices completely either. On the other hand,
System Dynamics has the ability to deal Wg;h these problems. By integrating BSC and
System Dynamics, performance evaluation yii\r/-éuld he more accurate and appropriate.

This study introduces the.three _busines;model Christensen mentioned, develops
BSC for each model, and finds. the interactions between'the key performance indices,
and develops the casual loop diagram in;System-Dynamics of each model. Based on the
casual loop diagram in System Dynamics, this study uses System Dynamics software
Vensim to build, test and verify model for National Taiwan University Hospital (NTUH)
Patient Controlled Analgesia (PCA) program. Finally, based on the results of simulation,

several policies for performance improvements are suggested for the NTUH PCA team.

Keywords : Healthcare Service Innovation, Balanced Scorecard, System Dynamics
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W- I RSN 2 RER T
Vensim i SeHichE & 4 P B (R A2 50 3K 2T

(01) change of NPS=(#F 3} NPS-Net Promoter Score)*j#sis 1+ & = 5 F*(5 48 = # F
/100)* & 5 & 5 253 #o s B
Units: **undefined**

(02) change of = [ /% & & =(100-= J & & &)*H s ol T%m e p = |
Units: **undefined**

(03) changeof = A2 A4 =(HpH A A A4 - 2 424 )R A
*O.5+(1/(1+EXP(-ek B3~ LR)))*0.25+p & £ 42 & *0.25)
Units: **undefined**

(04) change of 5 & @& * PCA v i|=IF THEN ELSE(JRi% & it <Js & 2 * PCA 1+ |
#4595 & & * PCA - &, ((IF THEN ELSE( & & * PCA +* 5]<100:AND:(J
B i¢ * PCA v *A.5)<=pRF* £ 55, (1005 & & * PCA - i)™ 5 % L3 &
F ,0))+(IF THEN ELSE(j & i % -PCAL" 5|<1O0/AND:(J5 & i@ * PCA v+ 5|
*4 5)<=PRi* A
it tAAND:(change of =t j& & /k=change of\f = f '&°% & )>0, (100-75 & i *
PCA v bl)*frgcdi & @ 7 5 IR THEN ELSE((change of = £ /% & & -change of
i B %3 A)<=0, (change of = ﬁ“,%,; R changeof A = Ei%3 2),0))
+(IF THEN ELSE(J5 B2 % PCA +* mj<100 AND:(jE & * PCA v 5]*4.5)<=
PRax A i, (IFTHEN ELSE(CR & @ * PCA B pl=ftwide B #E), 0, =4k
R -p ke PCAME))0))+URTHEN-ELSE(H & ¢ * PCA - &
<100:AND:(J5 & & * PCA " b*4.5)<=7K7% A it "AND:(change of NPS-change
of § NPS)>0,IF THEN ELSE(( =2 48 & * 5)*100>y% & i¢ * PCA v
],(100-75 & & * PCA - BI)*% = » J 2 * & , 0) IF THEN ELSE((change
of NPS-change of NPS)<=0:AND: 5 & i¢ * PCA +* ]>0,(change of
NPS-change of NPS) ,0))))*0.25)
Units: Month

(05) change of #%|4& & #& =IF THEN ELSE(F %4t & #ic g >=(H & £ % F 2
*100), 0, (H i FL % F =)*100-F &/ 4& & & )
Units: **undefined**

(06) change of § NPS=IF THEN ELSE(%?:),%: % #<=0.01, 0, (1-(1/(%1,%: Mk
*100)))*Net Promoter Score)
Units: **undefined**

(07) change of f = B & & & =((EXP(PR#% f #*100/30)-1)/27)* = £ /& & & *0.3
Units: **undefined**
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(08) FINAL TIME = 24
Units: Month
The final time for the simulation.
(09) INITIAL TIME =0
Units: Month
The initial time for the simulation.
(10) Net Promoter Score= INTEG (change of NPS-change of j NPS,0)
Units: **undefined**
(11) SAVEPER = TIME STEP
Units: Month [0,7]
The frequency with which output is stored.
(12) SOP #4 7 == R & *
Units: **undefined**
(13) TIME STEP = 0.0625
Units: Month [0,7]
The time step for the simulation:
(14) * B4 5=/ o 4 Bc* 4 5 &
Units: **undefined** Yl
(15) @it &2 HF =2 L § 10T BRER
Units: **undefined** 7
(16) # i Frel ¥ T=(+ 4 s > & 2./10)*0. 24 & e 201+ @ 2o & 2 S *0.2
+DELAY1I(#* 7 3+ & #30. 1Hiais o g =~ 7 & *04 3,0)
Units: **undefined**
(17) = 4 > L= Bt £ 0.3
Units: **undefined**
(18) /| e 4 = INTEG (* F 47 % -#15 * #c,6)
Units: **undefined**
(19) = B# » R =(>* %% F 1100)*0.6+1/(L+EXP((-1)*(0.2* -2 = R
*100-10)))*0.4
Units: **undefined**
(20) = B /% & B =INTEG (change of = R /% & & -changeof # & f % & & ,50)
Units: **undefined**
(21) = B 4 # # = INTEG (change of = f # # # ,50)
Units: **undefined**
(22) = B iv 4 =% 7 ' R*0.6+F 7 3+ 4 #1704
Units: **undefined**
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(23) 4 % 5 =0.03
Units: **undefined**
(24) %7 3" 3=(1-1/(( & & * PCA »* ]/100+0.1)*10))/0.90909-0.5* ((EXP(PR 4% f
#130)-1)/27)
Units: **undefined**
(25) PR % A i =IF THEN ELSE(']: & % #<=0,0,min( -] & % #*90,450))
Units: **undefined** [0,7]
(26) PR3 f #=0.6%Cp & & * PCA v #]/100)+#" 3 3+ % #*0.1+0.3*(;p5 & & * PCA
b ’ou/lOO/ B A )+ A R 42 E*0.2
Units: **undefined**
(27) # % NPS=10
Units: **undefined**
(28) #p % = R # & 4 =100
Units: **undefined**
(29) i</ & £ =DELAY FIXED( 7 L@ * PCA +* 51*0,1,10,0)
Units: **undefined**
(30) s> e pb % A =IF THEN ELSECjcR: 2 £ >10, 9 &€ * PCA * &
/100%0.2+(1-1/i3/e p& £/10)*08,, )r% B -2 PCAW“/100%0.2)
Units: **undefined** T
(31) Jm & & * PCA - &)= INTEG (changesof 7 & @ % PCA Y 51,1)
Units: **undefined**
(32) s 5 & 242 & =(EXP(H gia % £*100/30)- 1)/27
Units: **undefined**
(33) s AL B F=H © PO ) f AT
Units: **undefined**
(34) # % ++ % B=DELAY3I(L/(1+EXP(-(0.2*(J5 & & * PCA +* £1/100)*100-10))), 6 ,
0)
Units: **undefined**
(35) #*%=|4t & # & = INTEG (change of # %[4& & #ic £ ,20)
Units: **undefined**
(36) % = = Jw g @ * F=DELAY3I(Net Promoter Score/10,3,0)
Units: **undefined**
@7) &m & 23 B F=(EXP(= | 2 2 4 /30)-1)/27
Units: **undefined**
(38) iis 2k 4 = # F=IF THEN ELSE(= f &t # >0.95,  (1-1/(0.95*10))/0.90909,
(1-2/((max(= A & # ,0.1))*10))/0.90909 )
Units: **undefined**
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(39) fFrskde it * == A&~ LR
Units: **undefined**

(40) %45 & 75 H=SOP #4 {7 % *0.5+% f 2 & 4 *05
Units: **undefined**

(41) %51,%‘:?‘ 4 %=0.35%(1-= B 3 » LFR)
Units: **undefined**

(42) F R ¥ =F fren 4 5+0.05
Units: **undefined**

(43) 3o A de=] fe A BRI
Units: **undefined**

(44) Hrmi 5 =change of f = i j& & & *0.01
Units: **undefined**
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