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Development and Application of a Performance Prediction Model for Home Care Nursing Based
on a Balanced Scorecard using the Bayesian Belief Network

Noh, Wonjung' - Seomun, GyeongAe?

!College of Nursing, Gachon University, Incheon
“College of Nursing, Korea University, Seoul, Korea

Purpose: This study was conducted to develop key performance indicators (KPIs) for home care nursing (HCN) based on a balanced
scorecard, and to construct a performance prediction model of strategic objectives using the Bayesian Belief Network (BBN). Meth-
ods: This methodological study included four steps: establishment of KPIs, performance prediction modeling, development of a per-
formance prediction model using BBN, and simulation of a suggested nursing management strategy. An HCN expert group and a
staff group participated. The content validity index was analyzed using STATA 13.0, and BBN was analyzed using HUGIN 8.0. Results:
We generated a list of KPIs composed of 4 perspectives, 10 strategic objectives, and 31 KPIs. In the validity test of the performance
prediction model, the factor with the greatest variance for increasing profit was maximum cost reduction of HCN services. The fac-
tor with the smallest variance for increasing profit was a minimum image improvement for HCN. During sensitivity analysis, the
probability of the expert group did not affect the sensitivity. Furthermore, simulation of a 10% image improvement predicted the
most effective way to increase profit. Conclusion: KPIs of HCN can estimate financial and non-financial performance, The perfor-
mance prediction model for HCN will be useful to improve performance,

Key words: Hospital-based home care services, Task performance, Bayesian prediction
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Figure 1. Research process.
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Table 1. KPIs for HCN Based on a Balanced Scorecard

Perspectives Strategic objectives Key performance indicators
Financial Increasing profit of HCN Profit rates of HCN services
Omission rates of treatment prescription
Decrease rates of default
Cost reduction of HCN services Maintenance rates of proper inventory
Usage rates of proper supplies
Customer Increasing external customer satisfaction with HCN Education rates of HCN plans

Internal business process

Learning and growth

Increasing internal customer satisfaction with HCN

Image improvement for HCN

Improving quality of nursing services for HCN

Structural improvement of HCN

Establishing a safe environment for HCN
Improving home care nurses’ competency

Motivation of home care nurses

Number of HCN education and counseling sessions
Satisfaction level of HCN customers and care-givers
Number of external customers complaining

Satisfaction level of HCN-related department
Number of internal customers complaining
Job satisfaction level of home care nurses
Turnover rates of home care nurses

Internal customers” awareness of HCN
External customers” awareness of HCN
Number of HCN promotion activities

Provision rates for standard HCN services

Usage rates for standard HCN records

Application rates of nursing process in HCN services
Application rates of first HCN visit

Nursing malpractice rate for HCN services

Number of committee meetings for structural improvement
Number of suggestions for HCN’s structural improvement
Structural improvement rates for HCN

Accidents rates during HCN

Participation rate for HCN-related education
Participation rate for HCN-related research
Participation rate for HCN professional group
Performance score regarding HCN competency

Incentive system according to KPIs
Number of opportunities for self-development

HCN=Home care nursing; KPI=Key performance indicator.
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Figure 2. Performance prediction model for HCN.
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Table 2. Validity of Performance Prediction Model for HCN: Variance of
Increasing Profit of HCN according to Variations in Precedence Factors

Variance of increasing

Precedence factors profit of HCN (%)
Minimum Maximum
Cost reduction of HCN services -32.1 19.4
Increasing external customer satisfaction with -51.1 16.6
HCN
Increasing internal customer satisfaction with -39.0 10.6
HCN
Image improvement for HCN -553 16.1
Improving quality of nursing services for HCN -50.3 15.3
Structural improvement of HCN -50.1 12.3
Establishing a safe environment for HCN -35.2 9.3
Improving home care nurses competency -48.9 10.2
Motivation of home care nurses -44.5 1.1

HCN=Home care nursing.

Table 3. Validity of Performance Prediction Model for HCN: Variance
of Precedence Factors for a 10% Increase in Profit for HCN

Precedence factors Variance (%)

Cost reduction of HCN services 52
Increasing external customer satisfaction with HCN 5.4
Increasing internal customer satisfaction with HCN 3.6
Image improvement for HCN 54
Improving quality of nursing services for HCN 5.1
Structural improvement of HCN 43
Establishing a safe environment for HCN 32
Improving home care nurses’ competency 3.6
Motivation of home care nurses 38

HCN=Home care nursing.
4. 71PUS ALY a0 S2E &8

VBN Aol 5wl

x
of 2% W40l FHRIBAY 4]
ARBAY Sol50) B8] 13 e Ao dEst R AR
o 63 7PERIEAIY elnlx] 10% (T 1%kt A
¥e] AE ol w8 £F0 FPIEMpA Mol FPIEAYS
olmlxIE AMIAIE, olulx] Ak Bl ol BT} ot
HER O R FRISAR) S50 o|Rolle 458 4 9l
= o
—_

H A7+ Kaplandt Nortono| &St Fad/d3kaE 3PS 7]9te.

http://dx.doi.org/10.4040/jkan.2015.45.3.429

olelEt FgREEAN] RA2) B o wefe Al

S
T -
Q5 Qg Zlole e PN FYAE 9] Hwot B

= =h8s
o) eev} 2T ol 0] WL vlEIHE A Ang
HIR o2 5}0(24,25], HE7IRIE Y Al ARt e o
U, AR Hge) 9 A WAs ARkt

oft
o
1

£9e oz ARgr
= oM REIVITIA 80% o149
IR0 2 AVt RS B B A
Slstol HET} RO R o7l o] S B B

h=}
T S Hrgsto] dehE =Rek KRS s =

I
F

ok

HL )

0T T I
N
2,
o)
1
&

ﬁ“;rfhm
5%
i

> 2
2 o2
B
i 1
Sl
B o
N )
Yo
@ o
S
o 2
3

-'-&o}m
g £ 9
N B X
g o
lg_;;
do oF O%
&m&h%
LTI
o MM gy
o o >
- = ==
Q2 fu L

ol

-

rlr

Mo

r
S

SAL B, PREAEA e

N
oXl,
P
>
rl
&
19
olx
9,
i3]
%
feorle S
ofo
2
i)
rlr
N
o,
N,
to
>,
e
> o
)
2

=)
o[X ac)
o
o g
N
i
@ au)
-
= 8
o)
o 18
=)
X

3 g
=4
)
e
)
Mo
1o
)
2
R=)
i)
N
o K
m =)
it rEl
=
it
BRI o
)
o
=
oM ol
(L)
w2 o |r
>
i,
o

i
D o I
f
ol
ol
2
[0}

S
o
R
=
=)
1o

_IZ‘r ol
o
ox
r>~ mlo
5
2
—d
riy
o,
1o
N
N
oZl
)
it
R

o
>
>
rOl'
M
r
=
i)
o
B
2
=3
ik
j@
ftl
2
oxl
o,
Q.
=
—
jas)
ox,
i)
of
N
N

>
-
>
fiva)
‘

€
rel
oz
)
n
.
=

o o
N
N
)
N
e
o
<l
Iy
rio,
N
N
{0}
3
o2
1, I
2
o
e
&
19
ofM
jin)
s
N
N
ol
ah

Rl =

=4
r ot
S .
2 Jﬁa

o4l
w2
i
r P
— A
off
1o ™
o &
DN
13
> T
&
oL
32 oL
2
S
L Rl
-
N
R
[
2
—_
re A

ek
M

ox,
)
o,
N
>,
E
ofy
%
&
&
1o
i
e
ME
i
=2
jina)
&)
™
3
N
oZi,
A,
Hd
L

SAL ORI, B AN B W BU RS A4 LAY 2
oM wATEe] BEES S5 o] HY KR A}

2 M7gsIQicHIL 12], WRZ A2 THTSAL

www. kan.or.kr



436

AEl2o] A B BEE o7 Slek KE F PIUS BN
B AT, %

Ate l%ﬂﬂ oﬂﬁ A5, BE IPREEAMIA A P4 9 Tt

ﬁoP Klﬁﬂ% HEztel o vigo 2 st k2 Agsiei
Skt PR AR B TP B AT Ao
&8 IIRIES Y
o= stof F7} *d%’é}?i
e 7R %&6}45 01%?4 ks
ek

%3 Niven[26]2 w3/t ejo] HET 4 = WA= 2

WHE N olste] A Fx= 79 AR 1074 ofste] A=A

mE
ol'
ol
= N
v
1o
M
ro
=,
X
=,
>
x &
i)
_\::l‘
]

etz 2 4t

230} 2070 olstel Y IE A sk s & A
Sole RU B BT 50 B B BT ASE
Niven©] AAIe 575 Hlol] Hgsht, ogrixEe] 35 =74
H9IRT Be 20] X|E7H o] ARAE Al ool g et

ZQ3st Ao 2 AlRHch

7P e AR AT Jq.oq]xual(o}) o] A5}
SALIY] 40] =) wistE A
AN oI5 A W

o] UeRir}. oleft Zohe

o RS
S Qo] ool W 39l Fefeit e A
0], & cHEPBEoIM rlol sigsh Aarle] 8BS B3 Wi
HEZ 5 501 P HAs] FPRISAY SIS 9B
ABTOIA A3 A7bazol Fastchs Ang SR,
oleh= Wik, Solo] A BHBo| VY ¥ Ao ASE A

2
)

1o off _Tm
N
P~

r2 d
-

ful
>
52
1
fu
ol

bt 4
(L
2
[T
B

ek ASs ol Bashe AKiE
718 Siek Aimacle] st
5 2%, S0 ik she A

-.E, 7}%73;/\}04 o]u];:] AL 7};:3

e o N rlo o
A N N
whofoh X
O
Lo I g g
o to e =
R @& g
A
Mo & o~ o,

1= He -lu‘, ﬂ. 01){
2o BN L
FE lo 1= 9 ot
ll NE 1o
ol
06-1;:, :91;“ §
B4 2 ©
[‘_‘1 ol

ol

H‘ e
d
% %
S
% HU
é 2
X A
_\; jﬁ
5
o
i L
3 )

of
ool
o
N
Ral}
rir
2
o
W

o
o
rfe
@‘:
1o
ne
Dall

[Eyaes °1E1§ @ﬂ—t— 7]

www.kan.or. kr

’“3119}94 3’*741% 2 ?i—_rLOﬂHE 317—'1‘?_—’%55-‘2} Y ozt 4o
BUAAE HA & A7 2HE
/\43!,}—01]5__51_&“94 H=LS o -a-H :":7:1

j=NeRr=1

& &0to] o]FoARl] wige, ©f

1o
j{L it
oZ:
ok
T
il
do
:Iog
>
x o
4
ji7a)
it

ﬂrl

&
o
)..
mlo
glé
N
N
oz,
™
By

o
it
)
g
o
o
re
re
4
2
R
rr
=
_>£
R
[>
1o
i1}
o
)
o
™~
}Ol'

thel —4—47} °‘E} 1%

stk Az Qg 2 =9
aoowe:mw AR B2AAS) 25, S o))

oiol Ao Solob] g Amsic
7}@1 AR g0l ol b e Aoz S AV
SAS) el B8 A 2 A2 gt 2 P
EATL AL 5 ATk ST PRI TS 7
PR S Aok, AT s L
Ve A 4 itk URE AT O AL o 2%

http://dx.doi.org/10.4040/jkan.2015.45.3.429



Bayesian Belief Network 285t #3428 7|8t 7187t ALY St

SARR IS oww # 19} Ze FEo YRTE S
ST 2A912) he 2 T AHONE AN B 49 2 B
g AT 4 et w3 {@HHVQ o IS el 39 A
8, g T B T AR Sl o B SIS
BIE A 4 Qi DA RaA SR 21 ¢
S TFT 40l ANE €9 3 8718 s ket 2 37
528 4 9n, BeRie HEe AL dRnES 548
F Qe NS 29 59 BES $UT 4 Uk B NS
PN 4 gl TFT 74 D 850 et oiRlE 263 52
3 X 243 A 3R] 50| B 49T 4 Yk

2 a7o] AR theat 2o AW, B Tt 2@nES
PO VIZENYY WEE, WA HotE SJA] AN
o2 FpsAlle] ot e|R ] Klelat olo] W A3t %
B Bal VA B Tusl] 8 AoR s
A%i9) sHE 14611 %ﬁ@ A=A, AR Swe mejEx gt

J

0 AT RS el sl el K ol o
529] A=A, PR xlgo] B
3} ARRpge] ofe PPRRIEAR: SR ZIRke] 7P
oA Mg Xﬂ%ﬁ}% A2 RSl e s

1k

bo
_(‘)L
o
gﬁ:
re
2
E
5,
N
)
o

A 2
T ———

oM FRHOE HHL Sl ﬁxﬂ Amﬂ xﬂow] 28 4 9
o A2l

T
@
N o
=)
)

2 07 2 e sl A4 As 59 4808
A4 sk ZVIEEARIO) Wk Aot B ohjel, wiRiRA
o 2 ER A 3 BB THse AAlslel ojg)
A0 FPRRIEAR) KI90) Yol ek AR B8E
% 9% Role

2 79 20 Erlz vhest 2ol Alasith B, 2 ATl
VIRENY et E Rl B WOl s o
8 37 W4 ES 800l JelERae PN AS AR
o w3 B gstelSude] 7 Heby BE 20E 918 A ug
3} 25 Weel A S0l Tgsle] HnolERde AL A
& AletRiT, el 9 ZVIESAR Aol Tt welelelofe]
g Bal W) AAew e 2 HrolErdstel A3}
g vashs 37E ST AS AN

http://dx.doi.org/10.4040/jkan.2015.45.3.429

I
o

ne

437

4
Ao
0=}
X
ol

2 E

v
470) ol ek 10709) Fieks) B} 3] AVBAY 4
PYRES AL, 107he] A BEZ 217Re] At
7498 B384 U @Mé %—% eﬂ_wu}. 2% 7

| 7VISARY Aol SR

Kaplan®} Norton®] #3ATEE /& 71E2 519

é
>
rl:ln
[?)L
N rulo Y
1-01'
it
_\;
N
-~
o,

N
%0,
o
A
N
b
1o
ey
ogh
ox
)
=5
)
I
re
-4
et
=2
>
X,
>,
o)
)
El-%
3

)
ro

E
©
z
El
et
4
%0
|
N

Z5 npEsiich w3k e Rt 7} 7S AL AT
sto] ggste FAEERE AMskaL AFE ket vl /g
& Ao 2 SRR autE o7l ZBARtA AMAlshe
71gto] & Aot

or, it
H

REFERENCES

1. Korea Institute for Health and Social Affairs. Research for devel—
opment and basic investigation for demonstration project of home
care nursing in general hospital. Seoul: Author; 1994,

2. Song C. Home care services: Crisis and prospects. Perspectives in
Nursing Science. 2009;6(1):55—-65.

3. Chin YR, Hong WL. Changes on hospital-based home care ser—
vices utilization after long—term care insurance launch. Journal of
the Korean Gerontological Society. 2011;31(2):371-380.

4. College of Nursing in Seoul National University, Korea Institute for
Health and Social Affairs, Ministry of Health and Welfare, Policy
directions for establishment and expansion of home nursing care in
Korea, Seoul: Ministry of Health and Welfare; 2001.

5. Ryu H, Jung K, Lim J. Test on the cost and development on the
payment system of home health care nursing. Journal of Korean
Academy of Nursing. 2006;36(3):503-513.

6. Kaplan RS, Norton DP. The balanced scorecard—measures that drive
performance. Harvard Business Review. 1992;70(1): 70-79.

7. Park SA, Kim JH, Park KO, Kim MS, Kim SY. Development a
tool for evaluating nurses’ performance in hospital units. Journal of
Korean Clinical Nursing Research. 2009;15(2) :5-21.

8. Kang KH, Han YH. A study on performance measurement indica—
tors of nursing department in a hospital. Journal of Korean Acad—
emy of Nursing Administration. 2009;15(1):106-115.

9. Kang KH, Kim IS. Development of performance measure indica—
tors in hospital nursing units. Journal of Korean Academy of Nurs—
ing. 2005; 35(3):451-460.

www. kan.or.kr



438

10. Kim JH. Development of prediction model for the management
performance of profit nursing facility using bayesian network [dis—
sertation]. Seoul: Ewha Womans University; 2005.

11. Choi YJ, Lim JY, Lee YW, Kim HS. Development of nursing key
performance indicators for an intensive care unit by using a bal—
anced scorecard. Journal of Korean Academy of Nursing.
2008;38(5) :656-666.
http://dx. doi. org/10. 4040/jkan. 2008. 38. 5. 656

12. Yoo JI. Development of a performance measurement system for
the perioperative nursing unit using the balanced scorecard (BSC)
[master’s thesis]. Seoul: Yonsei University; 2001.

13. Yoon WS, Lee HK, Maeng SJ, Song JH. Development of key per—
formance indicators (KPI) for the nursing department in the military
hospital, Journal of Military Nursing Research. 2012;30(1): 5-24.

14. Hong Y, Hwang KJ, Kim MJ, Park CG. Balanced scorecard for
performance measurement of a nursing organization in a Korean
hospital. Journal of Korean Academy of Nursing. 2008;38(1):
45-54. http://dx. doi. org/10. 4040/jkan. 2008. 38. 1. 45

15. Kaplan RS, Norton DP, Using the balanced scorecard as a strategic
management system. Harvard Business Review. 1996;74(1):
75-85.

16. Heckerman D. A bayesian approach to learning causal networks.
San Francisco, CA: Morgan Kaufmann Publishers, 1995. Report
No. : TechReport MSR-TR-95-04.

17. Lee SM. Applying bayesian network approaches to study health out—
comes [dissertation]. Baltimore, MD: University of Maryland; 2003.

18. Lynn MR. Determination and quantification of content validity.
Nursing Research. 1986;35(6) :382-385.

19. Shin HS. Development of an outcome indicator of hospital based
home health care using the balanced scorecard framework [disser—
tation]. Seoul: Yonsei University; 2013.

20. History Compilation Committee of Home Health Care. 20—years his—
tory and perspective on home health care. Seoul: HN Science; 2014.

21, Hamid S, Malik AU, Kamran I, Ramzan M. Job satisfaction among

www.kan.or.kr

nurses working in the private and public sectors: A qualitative
study in tertiary care hospitals in Pakistan., Journal of Multidisci—
plinary Healthcare. 2013;7:25-35.

http://dx. doi. org/10. 2147/imdh. s55077

22. Japan Management Association Research Institute Inc. The bal—
anced scorecard for healthcare organizations. Nam SY, translator.
Tokyo, JP: Medical Publications; 2005.

23.Eun HJ, Kim JY. The effects of management control systems
through behavior traits of personnels on managerial performances
in hospital organizations, Korean Journal of Business Administra—
tion. 2011;24(6): 3551-3580.

24. Naranjo—Gil D. Strategic performance in hospitals: The use of the
balanced scorecard by nurse managers. Health Care Management
Review. 2009;34(2):161-170.
http://dx. doi. org/10. 1097/HMR. 0b013e31819e8fd0

25. Suh JR, Lee NJ. Mediation effects of BSC use between the cultural
traits and corporate performance. Korean Academic Society of
Accounting. 2008;13(1):71-100.

26. Niven PR. Balanced scorecard step—by—step: Maximizing perfor—
mance and maintaining results. New York, NY: John Wiley & Sons,
Inc. ; 2002.

27. Chung MJ, Lee SC, Yoon K. A case study on activity—based cost—
ing system in hospital management. Korean Journal of Manage—
ment Accounting Research. 2014;14(1):109-144.

28.Kim W. A study on the effect of hotel image upon hotel revenue
[master’s thesis]. Seongnam: Kyungwon University; 2003,

29. Jo HY, Bae ES. The effects of non—financial measures on the hos—
pital’s revenue. Journal of Finance and Accounting Information.
2005;5(1):19-49.

30. Chung HT, Kim YS, Kwak SM, Lee YK. The system dynamics
model development for management performance forecasting of
small and medium hospital. Korean System Dynamics Review.
2007;8(2):209-234.

http://dx.doi.org/10.4040/jkan.2015.45.3.429



