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Input

Number of Nursing Personnel

- Number of RNs
- Number of NAs
> Technical efficiency score
: t
Output
Socioeconomic and demographic factors
- Gross primary income per capita
Number of Visit Days

- Inpatient Visits - Employment rate
- Population density

- Outpatient Visits

\ / - Elderly population ratio

<Figure 1> Conceptual Framework of Study
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<Table 1> Input and Output Variables of Previous Studies

Author DMUs Input Variables Output Variables

e Number of physicians
e Number of nurses

e [npatient bed days

Shahhos— e ALOS
.. 12 e Number of other
eini et al. . . ® BOR rate
hospitals professional ) ..
(2011) . e Qutpatient visits
e Number of active )
e Number of surgeries
beds
e Number of physicians
. phy e Number of
Farzianp- 16 e Number of ) .
our et al. teachin racticing nurses inpatients bed days
. & b & ) e Number of outpatients
(2012) hospitals e Number of active
e ALOS
beds
19 e Number of doctors o Number of
Kirigia & public e Number of nurses . ..
L. outpatient visits
Asbu commu-— and midwives
. e Number of
(2013) nity e Number of labora- .
) .. discharges
hospitals tory physicians
_ 13 _
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Author

DMUs

Input Variables

Output Variables

Jat &
San
(2013)

40
district
hospitals

e Number
e Number
e Number

of doctors
of nurses
of beds

e Number of women
with completed 3
antenatal checkups

e Number of deliveries

e Number of C-section

e Number of women
receiving postnatal
care

e Number of medical
termination of
pregnancies

e Number of male and
female sterilizations

e Number of inpatient
admissions

e Number of outpatient
consultations

Applanai—
du et al
(2014)

9 public
district

hospitals

e Number
e Number
e Number

of doctors

of nurses
of beds

e Number of
outpatient visits

® Daily average num-—
ber of inpatient
admission

e Number of surgeries

e Number of deliveries

Samsudin
et al.

(2014)

25
public
hospitals

e Number
e Number
e Number

of doctors

of nurses
of beds

e Number of
outpatient visits

® Daily average num-
ber of inpatient
admission

e Number of surgeries

e Number of deliveries

_14_
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Author DMUs Input Variables Output Variables
e Number of e Number of
114 physicians outpatient and
Cheng et ..
Al (2015) county e Number of nurses emergency Vvisits
' hospitals e Number of open e Number of
beds discharged patients
e Total number of e Number of patient
full time medical days
54 doctors e Number of
Kalhor et ublic e Total number of outpatient visits
al. (2016) Eos als FTE nurses e Number of patients
P e Number of supporting recelving surgery
medical personnel e Average length of
e Number of beds stay
e Number of beds
e Number of
K
ay? & 29 physicians e Discharge rate
Cafri ) .
(2016) countries  ® Number of nurses e Infant survival rate
e Number of MRI
e Number of CT
Total
e Total expenditure ¢ lotal revenue
32 e Number of
e Number of doctors )
Wang et  county-— outpatient and
e Number of nurses ..
al. (2016) level emergency Visits
. e Number of open
hospitals e Number of
beds ) .
discharged patients
e 30days death risk
of acute myocardial
inf
Campan—- 50 e Number of doctors infarct case )
. e 30days death risk
ella et al. public e Number of nurses of congestive heart
(2017) hospitals @ Number of beds &

failure case
e 30days death risk
of pneumonia

_15_

A&t sk



Author DMUs Input Variables Output Variables
e Number of doctors
e Number of nurses e Number of
Jiang et 1,105 e Number of techni- outpatient and
al. (2017)  hospitals cilan emergency Visits
e Number of open e Days of inpatients
beds
e Number of doctors e Number of
Li et al. 12 e Number of nurses emergency Vvisits
(2017) hospitals e Number of beds e Inpatient discharged
e Total expenditure e Number of inpatients
o1 e Number of nursing
Lin et al senior personnel
' e Number of non- e Number of residents
(2017) care .
e nursing personnel
facilities
e Floor area
e Number of beds e Number of inpatients
e Number of e Number of outpatients
Hsiao et 182 physicians e Number of
al. (2018) hospitals e Number of nurses emergency Visits
e Number of other e Inpatient revenue
medical personnel e Qutpatient revenue
3 e Occupancy rate
.. ) e Number of doctors e Number of surgeries
Kiani et univer—
Al (2018)  sit e Number of nurses e Number of
' hoz als e Number of beds discharged patients
P e Admission per bed
17 e Number of admissions ® Average length of
Pirani et e Number of nurses stay
general
al. (2018) ) e Number of ® Bed turn-over
hospitals

available beds

interval
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Author DMUs Input Variables Output Variables
e Number of beds .
. 683 o Number of full time - umper of admi
Cinaroglu eneral doctors ssions
(2019) senel i e Number of inpatients
hospitals e Number of full-time )
. e Number of surgeries
nurses and midwives
e Number of
Park et e Number of doctors hospitalized patients
1,185
al. . e Number of nurses e Number of
hospitals )
(2019) e Number of beds operations
e Medical revenues
e Qutpatient visit
e Discharged patients
e Number of doctors * Iju;l;asgnc;f surgical
Alatawi 91 e Number of nurses . Nllamlber of radiolo-
et al. public e Number of beds ical investications
(2020) hospitals  ® Number of allied & &

health personnel

e Number of labora-
tory tests

e Hospital mortality
rate

2011 F5 20203 7bA] 104 3F s
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and San, 2013; Applanaidu et al., 2014, Samsudin et al.,, 2014; Cheng
et al., 2015; Kalhor et al., 2016; Kaya and Cafri, 2016; Wang et al.,
2016; Campanella et al., 2017; Jiang et al., 2017, Li et al., 2017; Hsiao
et al., 2018; Kiani et al, 2018; Pirani et al., 2018, Cinaroglu, 2019;
Park et al., 2019, Alatawi et al., 2020)oll4 WA A& WHE(E HA
T, 7HEAE, ol 8T §)E FHWgd e, 9y B
olelo] Abg¥ FJW S EE MRI CT % #v](Kaya and Cafri, 2016),
% o] E 4] (total expenditure)(Wang et al., 2016; Li et al, 2017), 44 #A
“(number of admissions)(Pirani et al., 2018) 5°] Ut} oo &4

oM BAguAMH= VEH 28 FSA o BAHo| MY '

8 AvRY, ARATAN b wol AHgH M
= 9 WYEYS(number of outpatient visits)®, & 13719 A
(Shahhoseini et al, 2011; Farzianpour et al., 2012; Kirigia and Asbu,
2013; Jat and San, 2013; Applanaidu et al., 2014;, Samsudin et al.,
2014; Cheng et al., 2015, Kalhor et al., 2016, Wang et al., 2016; Jiang
et al., 2017; Li et al., 2017; Hsiao et al., 2018; Alatawi et al., 2020)°l
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(number of admission, inpatient days)@®, 127} <1--(Shahhoseini et al,
et al., 2017, Lin et al, 2017; Hsiao et al., 2018, Cinaroglu, 2019;

2011; Farzianpour et al., 2012; Jat and San, 2013; Applanaidu et al.,
2014;, Samsudin et al., 2014; Kalhor et al., 2016; Jiang et al., 2017; Li

Toll A B e 8 A

B

Alatawi et al.,, 2020)°1 4 A& =3t =, o

N

1o

o
min
A

—

0
o

19=(average

[e)
=

2]

A

It

[©]

E|

3
= 7 Wol AR

A,
2

A4 (number of surgeries)(97] 74), H

AdATolA A&

T

T

Aol A

=R

(number of discharged patients)(77}

length of stay, ALOS)(47} €1)

By A7 AAlR gl

+

o
e

™

7

A Al el 71 A

o H]-§

Ho

=0

o

o

B

)

o
o

2020 9

CRRERTR

I
pud

AHgFhT

it
i+

—r

om AAFE BT AAR

To-

_19_



[e)
R

PREERE IR

s A

S

—_
10

ﬂo
py)l
il

i+
7

—_
10

I

X
il

To-

24
]

A9 E4o] u
£71(2005)9]) 7

70
il
~
Tor

3} Ao B4 F A3 A A A

A

ol
AL

d
P
R

)

il
"

=

..__HO

o)

o
Br

tel
27

S

=&
9

Samut and
J

BEA

t}. T3k Hadad

Pz
=

hva =] e}
AR EHEA S

2014).

Hols Aoz yelhy, x99 A5
OECD =7}e] Rz 5 A

T

Cafri(2016)2} Afonso and St. Aubyn(2006)2] A-FolA %= 1919 GDP7}

OECD =7}e] B 8A~
et al.(2013)2] <A-Fol A

ol

g °]

-
o

AZ A3 7 7}

)

2(H71 29k s, 2005)

-

"o
;OU
2]

+
Goa)

)

oj
N

2 ATl sE g

AT,

H

IH

Tl

p—

0

gl
b

1
-

7
|

Tor

o}
ar

Afonso and St.

Aubyn(2006)¢] A7} 913, Zhang and Zheng(2007)¢] <oA= <l
AR t}= Cochrane et

A4 ol

_20_



= o
X]Q’] Ezigg}ﬂﬂ]}\

al.(1978) <]

o«
- ;M B
T A o] = =
= T ~ ToR Noox
L7l X o o r N S I W
RES: SPESEIEL
= 0 o [— Ty
o - Y iy Mg = W 8 X
o du o X o T o — X - B
= o x B © § % o ;W PH xR > o)
= 0T T wjr < o W g Y — o
S 2o ~ Z N £} — = o 8 %0
Y U] ‘ o I - Y X o
TN I W o | e S T |
ﬂ.,wi_ﬂl aﬁ?%aﬂmﬂ T T A il
o ) N JJ o o Bo " X e o ® i Mﬂ
T % ~ ¥ B BTG N Ho 5 9 B ©
i © o P . D W N g L T 9 <@ "
d%yﬁimyﬁgquﬂquq%g it T
o :ﬁ N Qhﬂo Ko | —_ ‘.I«Ww_ —_ ZA o
s B gﬂ%},ﬂlmﬂeﬂ%lx ™ N
e o) < T F TR I = = !
" N g o o T i = 5w o P " M
;%i%ﬂmﬂg(w1%§moaOW 2
) Mﬂ Mo AL Y o il X = g S B!
o M I 2o X i+ R o
¢ ®ow w & ooy e P = L o +
5 ooq X =) U ) N T S 2% i o fi
Li;onﬁi&; T .27 0w § o<
ifJ;jjofi;ff .
momop,omxﬂmﬂ1ﬂ%45mu} o i+
PR rETEa " RWEFE 2 "
w — W U ﬁg_ o e o = N T o X i ©
e T 2T A TR oA B pow A
— i) 0 Jl [ —_— - fi%e) OE r: HL\_
0 T, e R o D By - H - = do =T ~ LR
R row w do T = @ o o 2 ) o
il s X o - 5 ® o
) @ o 1 E#E ‘ﬂol Jl = ~ Jl ;o.._ K . jo
i ;g%1yaeag% s F
@ 0 ¢o 3 E T o MI ol WW X
@ ) ™ B A] wH o
o Wy - mm X
© A %
B <0
o ©

[Tl

1

!

T =

=]

i)

Al

- 21 -



9]

&

<Table 2> Operational Definition of Variables

| ® 90 T 60 =N ~ o] AR

Fler | ™ o ~ o = Mw H MW B
— 0 o

T UAT T M T M T N R

< T X T | < T o

o | M| = = < Njo o o

LIL ;O._ o o _IT _.E o

N ~ B o HO o oy M- _ ~N

o o — X ~o X B 0 O ,HO X

AR e T et = o

< = % ! <0 oy X o N

< g o | o o | = A = = x°

A - I S I T i

WA | T [T [z |l a N

LIS ERTERT|R|2E |5 2B B o3

00 | 20 | ©° M | 0° | 8 X | g|® X d r

Ald|ldwn|dwn|x|wx|2|ex| T
o

o Ak

d “ .

A N o ol G

< o r Ca "

< e ,m] p=t o X

I | R A = N Wl Lo

< | N o 7o i v 0 o- W

@ @ Mﬁ = o- % m' [ mm o

NN ot o —| M |9 B <

R

T A

ol A N A B AR I

w8 < TR B

—_

TN

T
T

Ol A

1.

_22_



Farrell(1957)¢] 7§

[e)

T

(Data envelopment analysis, DEA)

TR

Al 4

T N L = L B B ™ W ok W B W R
%%ﬂgfﬁmiuﬂwﬂ@ %W_ENr%ﬂoh
% of (= O 1 e B I
17! El ET Wﬁ o m m B Lﬂl u.mo il s %_/l H.Al
B T # oF N o 5 2o WD m_ T urm wu © oo
0 o 'K ol WK = = = °° NE o~ X T 5
Nr = o NS 3 I wWow o)
| w_urm mv_m o)) N m L 1) Yy E 8 wm o s K
ny . X m o o) oy o My o] Iwa o B o )
=) o) w il JEl o T N — T =F oTn o
O F BT g B 7 & F % = = o ‘J_. S ™
AU = o L o - N AL
I o BB L m T o 5 R oo R W Hﬂ =
C s WOE o o W ome oo i
OFE aﬁ ,n__/lA \WC : m LIL — _AO - o ) ) WI < J ‘ul XO o
= = BMCA I TR T MW o owom N g
s AEEE TS e® %I by o on
S o noS N P g X0 _
5} o X0 . xX yio — _ —
5 on X Mg I o W ol ﬂ B o o1 TN w o
S ou — T = o T w2 g
3, 0 L S R = - 7 X 3
oLt sl rrs zERER® ST
Efysrwg L ®re TAETeLE
g -3 SIS 5P g g o 3
N/ m : ~ . =0 ﬂw_l ‘mﬂ TO e . O o_...a ‘mﬂ
- ﬂl R ‘UI ~X = © KO o= ,Ax_ OE
J»AI.O + —_ —~ mn_u E]_ o — .~ © ;OL HWO
L % W R = E = N & 9 iod
Boom g MM EDEP 2T Ewy F
Cm e T OEE o,k  BE 25
X _‘ s il X Uwﬂ . s s = | TO
w L EFREREET s oy EF 5
- T b ° TR g oF A N ofy
~ o ) G B N R S T R i
I . B R N - X %0 o W
L) T W 5 a1 A5 ok T W o
W o T W T E R AR EOolg T R P oF

]

T

=9

J

A
ful

7}

=
%9

Ql

a

pS
&

o
=

sl 7Hd =

74 Al (production possibility frontier)2} L
[e}

_23_

o

T

DREE EDE

=

T

at=dl, o

Al (efficient frontier)@, A AF7}
[e)

s
a1



=
=

‘FETQ/] J'IE"?:} -9——/1\—-(1'1, 1'2)

= =z
T 5

o719 sl

T
s

= ys

}1\_]_.

%o

To-

o S5

o <Figure 2>°] 4] SS’

[e)

(@)e] 89" 919 AHellA A

p s

SR

==

o 7 #
(unit-isoquant curve)©] il ©]

T

T

]_

S

A

1

;01_
e

A

2]

"

"]

. %, o

=

oj

]
|

k3
9

i)

A -

A BR 0Q/OPoltt. 71&H o=

_24_

=

==

x2q x2p x2qr

s 7HAA dd
<Figure 2> Technical Efficiency

X14
xlp
xlq,

WE (0@ )] H](ratio) &
xlq

=
%9



BT OM oM E 3T ITEFTITRT OTET DR T H R
—~ ™ T 0 ~0 ul T ) =0
{2%gy FEELEEIT EELEIET U
Er e R =Tz *y Raezg T .
o = = T T T _
g% ECergiaf fFIical ¢
o OE O_ | ‘Ul ~ T X o} N ~0 ﬂ_ol ~ 7T 1 g o ,Dl O“H HT._
WP > <~ W X0 i et ol QX AU
X R 288 o P oa S X g MM ™ X =5 gy
~ S X o) X A bhom oo A 0
~N o 2 >~ Q # —_— — M e I 0 xX ) T O%
> KB > Nf % X o o < B ) 4 o g\ I S 0
RIS - SO = B S e N
. R oF | o wo o oF T
%uoxmﬂwmuﬁum%mm%wmﬂu%%ﬂ%%%%gg O
W o o o NI I IR Tog o o B R
Of N E_E . %H_ o)) m N ‘M.Icm 0 % ﬁE ‘Ul o ‘_Iryl JI fuy 5 | ) o 17_Al m
N e T o > & T h X o) mﬁ MM mm N Ko o B 1) ™
s =f8¢isgTecer s R 2 B
" . E N S T I T A T i
) ~ ) — oLu = va ze) — _ )
g o o MO M oz T MM MM Ml _MT o B Q - > L o W w
3 S @ W o L N m_m T A - 2B oy KA g =
A N O BN WX R WW _@ do o W o Mo ﬂ
SIS AN R T W o A oo iy W o ~om S
3} <~ do © X o e o~ B EOW R b WS
S -~ X ORI = > = & 9 O 4 s e n s oy o & e .oy
Z T % = 2 W T o E HoT L oW N T C x B ow
N = = ~e X g =3 T oo BN
Tom o o X E T o= 2 : ° ]
ojo o k3 = RO o © Y A T F g O of
ooz e ) ﬂ\M = = RS W S O G o oy T
o To Qo T T 8 T ® i~ o B x o< 0 NV _ =y
o T T OE X ° 7 N B o, o= o Jl = o B
i 20 & T g LT o A e Ho
T I o w5 m 2o w1 2 We xe L
g o 8 o w B g & Doy X T R
< ;&B OHE T — S H,An I A—l ~ O_E o ‘UI Ov.c ) ..mﬂ m«m._ _io o —_—
I o S ERSERT L a e rw oo o
= o HY T T O w0 A AR op X o a T
o e m o o W M o ok % o o o N M % KT o

Charnes, Cooper and Rhodes(1978)¢] 7j¥tal R o
_ 25 _

o

T

tl CCR =¥

T

T



o 32 o

o

43

[e)

=

2 EWfR g9 (constant returns to scale, CRS)

ZFell w2}

=
S

)

|

KR

22X

| A A & 91 (DMU) ¢

Tor

22

o[

No

<
ey

o oz theh}

21082 YebWWH <Formula 1>3 2t} = kHA A}

al

=

=

™, o]

A
_&0

ol

No

1

Z Uy Yri;
r=1

m

Z VikLiy;

i

Moz E, =

<1 (¢hj=1,2,.,n)

1
1

Z Uik

2 UpY, j

r
2

s.t.

o W7t ),

<Formula 1> CRS(constant returns to scale) Model

=

=

am)

L,2,.

= € (ch 4

}

A
vl

_26_




710]) wkal Banker, Charnes and Cooper (1984)7} 7§43t BCC =& -&

CCR E¥9 EWHRFY 248 ¢3ts] 7MW 249 (variable returns

to scale, VRS)S 71#A 3 Ao w VRS Ryolgtnx B}, 7PHgFRS
e RO AAY FRe BEAAI HA = Ao w R AA=
T4 FUtRY AbEe S o 2 AL gy, R EAA =

2>7F ¥, olu] u, = AW 4(free variable)®, o]® oA} A A Q] k)
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<Formula 2> VRS(variable returns to scale) Model
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<Figure 3> CRS and VRS Model
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1 if efficiency score
0 if efficiency score < 1

Bi B Xy B35 +...

Y

(f(z)
where, Y

<Formula 3> Logit Model

Mﬂ
e

rvze)

eyl
o}

o
T
o
o]

o
v
%0

W
o}

o
N
ofy
o
7o
o

o

]

p—

K

<Formula 4> %}

B, +5,X,+ 3, X, +...+€ for the data £<1
_ 32 _

F7hR 2 A el 199 A

=
where € 1s usual disturbance term

Ln(F)

A

<Formula 4> Truncated Regression Model

3} v}

(truncated regression model)S A&

S|
ax



o
i
ol
By
ilte

A

)
J-

i
mﬂ
v

AR MEg ol

ojn

_33_

i 1_” -'l':.'-lr' ]_]-r_

O
1
=

A -



A5 AT A%

FEQWgol EAS WA Aury 20199 427 71E $-2dE 1670

o] rTAMSE Hat 11,1047 01, Aol 47848 o2 b wal
AF7F 2410 0.2 7HF AL Aoz yeEbgth FERFANEE 167 A
o] Hito] 7210Wolg o, AHY|7F 24052W 0w s wa, AF7)
1,081 o7 714 At 167] A% 7FEANFES HE AL A=
7}z} 177,656 115362 0.2 A&7 477 DA 13AE9] 269%
o} 180% FtEZFAFFC 198%¢F 208%F AA ko] A FEARS]
449%, A rFZ ALY 40.6%7F A= Aol EEs= Aom
EFStTh oo RE3] AFedl= WA FoAEO 14%, S EFARE S
0.9%%wto] 3T,

AERG e 20199 V1 1670 A9 dddaeE Wt 489%F 5
Adoln, A&o] 15807 4 4= 71 @ekar, A|F7F 839 26 A= 7}

ZF AArt. 8 WAL= 167] Ao Hato] 45410 9 Ul Ao =

_34_



yelyrom A717F 19 66969 5L 2 7P Eekar, A7 1,0129F 1

Ad=2 7 A9l

<Table 3> Inputs and Outputs of DMUs
(unit: person, thousand days, N=16)

Mean
Min Max
+SD
11,104
RNs 2,410 47,848
£12,066
Inputs
7,210
NAs 1,081 24,052
6,656
s 4,895
Number of. Visit 239 15,804
Days(Inpatient) +4.250
Outputs
Number of Visit 45,419
Days(Outpatient) +45,419 10,121 166,965

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical
Yearbook.
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<Table 4> Inputs of DMUSs by the type of institution
(unit: person, N=16)

Tertiary & . ..
General hospital Hospital Clinic
Mean 7,984 2,153 967
+SD £9,199 £1,867 £1,216
RNs
Min 1,748 214 297
Max 37,095 6,403 4722
Mean 1,019 1,493 4,699
£SD £705 1,220 +4,885
NAs
Min 172 37 872
Max 2,633 4,804 17,192

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical

Yearbook.
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<Table 5> Outputs of DMUSs by the type of institution
(unit: thousand days, N=16)

Tertiary &

General hospital Hospital Climic

Mean 2,741 1,719 434

Number of  +SD +2,727 +1,324 +382
Visit Days

Max 10,965 5,102 1,482

Mean 7,021 4244 34,153

Number of  +SD 8,448 +3,475 +35,042
Visit Days

(Outpatlent) Min 1,6].]. 210 8,299

Max 32,853 13,349 131,285

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical
Yearbook.
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<Figure 4> Histogram of DMUs’" Efficiency Score

_39_



<Table 6> Technical Efficiency score, Benchmarks, and Slacks of DMUs (Total)

(N=16)
Effic Slack
1cl 4
DMU —ency Benchmarks Input OutpuE
score RNs NAs — ovD

In® Out!
Seoul 1.000  1.00 Seoul 00 0.0 0.0 0.0
Busan 0.876  0.06 Seoul 0.01 Gyonggi  0.93 Gyongnam 0.0 00 0.0 7179
Daegu 0.854  0.07 Seoul 0.02 Gyonggi  0.83 Jeonnam 0.08 Jeju 0.0 00 0.0 0.0
Incheon 0.802  0.01 Seoul 0.13 Gyonggi  0.39 Jeonnam 0.48 Jeju 0.0 00 0.0 0.0
Gwangju 0994 094 Jeonnam  0.06 Jeju 1,234.3 0.0 00 438834
Daejeon 0.749  0.01 Gyonggi 0.38 Chungnam 0.30 Jeonnam 0.31 Jeju 0.0 00 0.0 0.0
Ulsan 0874  0.20 Chungbuk 0.20 Jeonnam 0.61 Jeju 0.0 00 0.0 245.2
Gyonggi 1.000  1.00 Gyonggi 0.0 00 0.0 0.0
Gangwon 0.827  0.00 Seoul 0.02 Gyonggi  0.36 Jeonnam 0.62 Jeju 0.0 00 0.0 0.0
Chungbuk 1.000  1.00 Chungbuk 00 0.0 0.0 0.0
Chungnam 1.000  1.00 Chungnam 0.0 00 0.0 0.0
Jeonbuk 0.999  0.00 Gyonggi  0.32 Chungnam 0.68 Jeonnam 0.0 687.5 0.0 0.0
Jeonnam 1.000  1.00 Jeonnam 0.0 00 0.0 0.0
Gyongbuk 0973  0.10 Gyonggi  0.21 Chungnam 0.21 Jeonnam 0.48 Jeju 0.0 00 0.0 0.0
Gyongnam 1.000  1.00 Gyongnam 0.0 00 0.0 0.0
Jeju 1.000  1.00 Jeju 00 0.0 0.0 0.0

“Tnput(person), "Number of Visit Days(thousand days), ‘Inpatient, ‘Outpatient
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<Figure 4>¢} <Table 7>°|4 £ 4 3dxe°] 1671 DMU9 7|&4 &
&4 A9 Hito] 0934z i Ao sl gede & AL
2 Ueyt. 539, 284 g 1Ho=
M= 438%E AAFow, &84 A7t
31.3%, 0.9070.99% <21 DMU7} 37hZ 188% & =*A|dx &84 HI47f
0.7070.795 %1 DMU+= W (0.749%)°] <L At

<Table 7> Technical Efficiency Scores and Distribution

(N=16)
Total
. Mean 0.934
Technical +SD +0.082
Efficiency )
Min 0.749
Scores
Max 1.000
Distribution (%)
1.00 7 (43.8)
0.90~0.99 3 (18.8)
0.80~0.89 5 (31.3)
0.70~0.79 1 (6.3)
~0.69 -

Izl AlEWSo] of f-E(slack)S U AAE] AwE Hi 77

o 4399 ERPAE F2AACK S Ao vheha,
Sle) WAASE Fit 368 649 Seiok e A0 LEhuH<Table
8>)
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<Table 8> Slacks of Input and Output Variables
(unit: person, thousand days, N=16)

Mean
Min Max
+SD
7
RNs 0 1,234
+309
Inputs
43
NAs 0 638
172
Number of Visit 0 0 0
Days(Inpatient) +0
Outputs
o 366
Number of YlSlt 0 4,888
Days(Outpatient) +1,220

FEFEEd 2 FEEL £4 23 F 1670 DMU T A2, 3,
a4 A7 1w gE A

ool nls Fh4 &S EAT Aom UeuHt Aot os HEs
A2l DMU+= & 117hE 24H0.9997), 5 5(0.998%), 4 +(0.970%), 74
H(0.9427), AE0.9417), F=(0.934%), Z<1(0.900%), o =(0.888%1),
H-4H0.8517), tH7(0.8377), 1%1(0.770%) <=olvt. MAmaz 7 @

_42_
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(31.3%)% 7Fd ki, 0.9070.95% <1 DMU7ZF 470(25.0%), 0.95 1%
DMU7} 371(18.8%), 0.8570.90% 21 DMU~”}F 271(12.5%) %A T
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<Figure 5> Histogram of DMUSs’ Efficiency Score

(Tertiary & General hospital)
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<Table 9> Technical Efficiency score, Benchmarks, and Slacks of DMUs (Tertiary & General hospital)

(N=16)
Effic Slack
1cl .
DMU —-ency Benchmarks Input OutpuE
score RNs NAs — ~ovD

In® Out!
Seoul 1.000  1.00 Seoul 0.0 00 0.0 0.0
Busan 0.851 0.31 Gyonggi  0.69 Jeonnam 0.0 305 0.0 393.2
Daegu 0.837 0.14 Gyonggi 0.54 Jeonnam 0.32 Jeju 00 545 0.0 0.0
Incheon 0.770  0.17 Gyonggi  0.37 Jeonnam 0.46 Jeju 0.0 222.7 0.0 0.0
Gwangju 1.000  1.00 Gwangju 0.0 00 0.0 0.0
Daejeon 08388  0.08 Gyonggi  0.29 Jeonnam 0.63 Jeju 0.0 146.8 0.0 0.0
Ulsan 0999  0.03 Seoul 0.97 Jeju 489 0.0 0.0 279.7
Gyonggi 1.000  1.00 Gyonggi 0.0 0.0 0.0 0.0
Gangwon 0.900  0.10 Gwangju 0.05 Gyonggi  0.18 Jeonnam 0.67 Jeju 0.0 0.0 0.0 0.0
Chungbuk 0998  0.02 Gyonggi  0.35 Jeonnam 0.63 Jeju 0.0 340.0 0.0 0.0
Chungnam 0934 0.01 Gwangju 0.01 Gyonggi 054 Jeonnam 0.44 Jeju 0.0 0.0 0.0 0.0
Jeonbuk 0941 059 Gwangju 0.26 Jeonnam 0.16 Jeju 0.0 0.0 0.0 1289
Jeonnam 1.000  1.00 Jeonnam 0.0 0.0 0.0 0.0
Gyongbuk 0970  0.10 Gyonggi  0.39 Jeonnam 0.51 Jeju 0.0 428.8 0.0 0.0
Gyongnam 0942  0.02 Seoul 0.18 Gwangju 0.12 Gyonggi  0.68 Jeonnam 0.0 0.0 0.0 0.0
Jeju 1.000  1.00 Jeju 00 0.0 0.0 0.0

“Tnput(person), "Number of Visit Days(thousand days), ‘Inpatient, ‘Outpatient
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<Table 10> Technical Efficiency score, Benchmarks, and Slacks of DMUs (Hospital)

(N=16)
Effic Slack
1cl .
DMU —-ency Benchmarks Input OutpuE
score RNs NAs — ~ovD

In® Out!
Seoul 1.000  1.00 Seoul 00 0.0 0.0 0.0
Busan 0857  0.04 Gyonggi  0.00 Jeonnam 0.96 Gyongnam 0.0 0.0 2629 0.0
Daegu 1.000  1.00 Daegu 0.0 0.0 0.0 0.0
Incheon 0.707  0.25 Chungnam 0.32 Jeonbuk  0.35 Jeonnam 0.08 Jeju 0.0 0.0 0.0 0.0
Gwangju 0.982  0.15 Chungnam 0.20 Jeonbuk  0.55 Jeonnam 0.10 Gyongnam 0.0 0.0 0.0 0.0
Daejeon 0.728  0.61 Chungnam 0.20 Jeonnam 0.18 Jeju 0.0 0.0 40.6 0.0
Ulsan 0.975  0.60 Chungnam 0.19 Jeonnam 0.21 Jeju 0.0 0.0 31.5 0.0
Gyonggi 1.000  1.00 Gyonggi 0.0 0.0 0.0 0.0
Gangwon 0.754  0.25 Jeonbuk  0.15 Jeonnam 0.60 Jeju 0.0 0.0 0.0 180.0
Chungbuk 0.939  0.37 Chungnam 0.17 Jeonbuk  0.05 Jeonnam 0.41 Jeju 0.0 0.0 0.0 0.0
Chungnam 1.000  1.00 Chungnam 0.0 0.0 0.0 0.0
Jeonbuk 1.000  1.00 Jeonbuk 0.0 0.0 0.0 0.0
Jeonnam 1.000  1.00 Jeonnam 0.0 0.0 0.0 0.0
Gyongbuk 0.892  0.17 Chungnam 0.14 Jeonbuk  0.44 Jeonnam 0.25 Jeju 0.0 0.0 0.0 0.0
Gyongnam 1.000  1.00 Gyongnam 0.0 0.0 0.0 0.0
Jeju 1.000  1.00 Jeju 00 0.0 0.0 0.0

“Tnput(person), "Number of Visit Days(thousand days), ‘Inpatient, ‘Outpatient
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<Figure 6> Histogram of DMUSs’ Efficiency Score (Hospital)
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<Figure 7> Histogram of DMUSs’ Efficiency Score (Clinic)
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<Table 11> Technical Efficiency score, Benchmarks, and Slacks of DMUs (Clinic)

(N=16)
Effic Slack
1cl a
DMU —-ency Benchmarks Input OutpuE
score RNs NAs — ~ovD

In® Out!
Seoul 0813  0.81 Gyonggi 0.19 Gyongbuk 1090.0 0.0 25.4 0.0
Busan 1.000  1.00 Busan 0.0 0.0 0.0 0.0
Daegu 0825  0.02 Gyonggi  0.30 Chungnam 0.68 Gyongbuk 0.0 00 38.3 0.0
Incheon 0.996  0.56 Busan 0.00 Gyonggi  0.00 Jeonbuk  0.43 Jeonnam 0.0 0.0 0.0 0.0
Gwangju 0843  0.71 Jeonnam  0.29 Jeju 21.8 0.0 0.0 29889
Daejeon 0.857  0.13 Ulsan 0.77 Chungbuk 0.10 Jeonnam 0.0 0.0 715 0.0
Ulsan 1.000  1.00 Ulsan 0.0 0.0 0.0 0.0
Gyonggi 1.000  1.00 Gyonggi 0.0 0.0 0.0 0.0
Gangwon 0819 052 Jeonnam  0.03 Gyongbuk 0.45 Jeju 296 0.0 0.0 0.0
Chungbuk 1.000  1.00 Chungbuk 0.0 00 0.0 0.0
Chungnam 1.000  1.00 Chungnam 0.0 0.0 0.0 0.0
Jeonbuk 1.000  1.00 Jeonbuk 0.0 00 0.0 0.0
Jeonnam 1.000  1.00 Jeonnam 0.0 0.0 0.0 0.0
Gyongbuk 1.000  1.00 Gyongbuk 0.0 00 0.0 0.0
Gyongnam 0932  0.09 Gyonggi  0.04 Chungnam 0.62 Jeonnam 0.24 Gyongbuk 0.0 0.0 0.0 0.0
Jeju 1.000  1.00 Jeju 0.0 0.0 0.0 0.0

“Tnput(person), "Number of Visit Days(thousand days), ‘Inpatient, ‘Outpatient
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<Table 12> Technical Efficiency Scores and Distribution by the type

of institution

(N=16)
Tertiary 2
& General  Hospital Clinic ) 7‘1 :
hospital (p-value
. Mean 0.939 0.927 0.943
Technical ¢ +0.070 +0.104 +0.077 0.45
Efficiency )
Min 0.770 0.707 0.813 (.800)
Scores
Max 1.000 1.000 1.000
Distribution (%)
1.00 5 (31.3) 8 (50.0) 9 (56.3)
0.90~0.99 7 (43.8) 3 (18.8) 2 (125)
0.80~0.89 3 (18.8) 2 (125) 5 (31.3)
0.70~0.79 1 (6.3) 3 (18.8) -

~0.69 - - -
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<Table 13> Slacks of Input and Output Variables by the type of

institution
(unit: person, thousand days, N=16)
Tertiary 9
& General Hospital Clinic x
hospital (p-value)
M 3 0 71 3.66
RNs
+SD +12 +0) +272 (.160)
Input
M 76 0 0 10.70
NAs
+SD +137 +0) +0 (.005)x*
NoVD? M 0 21 3 0.40
(In”) +SD +() +66 +20 (.820)
Output
NovD M 50 11 187 0.39
Out) 4sp 4118 45 £747 (.824)

aNumber of Visit Days, "Inpatient, “Outpatient
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<Table 14> Determinants of DMUs

(N=16)
Mean
Min Max
+SD
: 35,096
Gross anary Income 27700 54.190
per capita(thousand won) +7.435
60.9
Employment Rate(%) 199 57.0 69.3
) ‘ 2,236
Population Density(people/km’) 90 15,964
+3,910
‘ 16.4
Elderly Population Rate(%) 133 115 22.6
Data: Kosis.
2) 2&4<¢ DMUS v & &24<Q DMU 3o Agus vl
Al 7l=wA EEeA Ao AA8RS AET|d A, E&4<Q
DMUSE | £&%¢1 DMUS] M3wso] 2tolsl QA wAjstach o

A 71ed gw A4 ous|ue gaow 7t
S o 771¢) DMU7F &&4,

. ZEA]

97§ ¢] DMU7Z} H] && 4 ¢
DMU &% "l &&%< DMU 1F<9 44
Alxrel g o, Akg 2-9 3 74 (Shapiro-Wilk test) 2.
ol AWETt At ek
284 HAF Hatel zkel7t 2l

=4 #1137
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d EFE FEAAH (Wilcoxon  signed-rank  test)S Al 3 3FS oF
(<Table 15>).
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<Figure 8> Mean of Determinants of Efficient and Inefficient DMUSs
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<Table 15> Determinants of Efficient and Inefficient DMUs

(N=16)
Efficient Inefficient
(n=7) (n=9)
Mean 37,431 33,279
Gross Primary +SD +6,141 +8,177
Income per capita
(thousand won) w 49
(p-value) (.071)
Mean 62.8 59.4
Employment Rate 5D £3.0 £1.7
(%) w 57
(p-value) (.005)x
Mean 2,652 1,912
Population +SD +5 883 +1,560
Density
(people/km) w 26
(p-value) (.607)
Mean 16.7 16.2
Elderly Population 5D £3.2 £3.5
Rate (%) © 335
(p-value) (.859)

oz 7|y FHE 5849 DMU 1353 H]E&%< DMU

OE0 Ay EAS BAEYtH<Table 16>).
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<Table 16> Determinants of Efficient and Inefficient DMUs by the

type of institution

(N=16)

Tertiary &

General hospital Hospital

Clinic

Efficient Inefficient Efficient Inefficient Efficient Inefficient

(n=5) (n=11) (n=8) (n=8) (n=9) (n=7)

M 37,038 34,213 35,391 34,800 36,453 33,350
- +SD  +7,341 7,656 +7,217 8,134 +7,893 6,985

@ 36 34 41

(p) (.377) (.879) (.351)

M 629 60.0 61.9 60.0 61.7 59.9
ERY +SD +39 +1.8 +35 +1.8 +3.4 +1.7

@ 415 44 42

(p) (.121) (.224) (.286)

M 4,149 1,367 2,665 1,807 901 3,953
- +SD  £6,699 £1,522 £5,447 +1,633 +1,373 £5,439

@ 36 30 17

(p) (.377) (.879) (.142)

M 15.7 16.7 17.0 15.9 17.3 15.2
EPR¢ +SD +4.0 +3.1 +3.3 +3.4 +3.7 +2.3

w 20 375 42

(p) (.426) (.593) (.286)

4Gross Primary Income per capita(thousand won)
"Employment Rate(%)

‘Population Density (people/km’)

dElderly Population Rate(%)
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<Figure 9> Mean of Determinants of Efficient and Inefficient DMUs

(Tertiary & General hospital)
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L3 vhA7IAE £&49 DMU 183 vEg4e DMU 1§ 3+ %

AHOR fo% Fol7h = ARWFE gtk
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61.9 50,0
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40 - 354 34.8
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T =
0 )
Gross Primary Income Employment Rate Population Density  Elderly Population Rate
per capita (%) (thousand people/im’) (%)

(million won)

E Efficient DMU O Inefficient DMU
(n=8) (n=8)

<Figure 10> Mean of Determinants of Efficient and Inefficient DMUs
(Hospital)
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<Figure 11> Mean of Determinants of Efficient and Inefficient DMUs
(Clinic)
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DMUE ZAsE Q99 =X AHE 7, Az 72 (truncated
regression model)S AF&3Fe] Bl &8 %<2 DMU AloloA vlagg AHLE

REA EAEE 28 A ¥ (two-part model) &

47 2
g8k At

HA med Aerk 149 DMUS 14 e] obd DMUE ZAAsh= &
J, & ®&A< DMUS HlZ&4< DMUE ZAst= 89S 97l

Uelyth ohyk AA 9 =27 B(LR 2 (4)=12.26, p=.02, pseudo R*=.5592)
7} o) (LR X% (4)=9.84, p=.04, pseudo R*=4483)% Ul oz BAE m
B

o dwele] BAHE fogrh

23 A A mEFE 2A 2 SARYLS ofet 2
© AA o571

L = —118.787 + 0.0001.X; + 1.7956.X, + 0.0001.X; + 0.2301.X,
@ FaTPEY 2 TEHA

L = —54.5384 + 0.00002.X, + 0.8421X, + 0.0007.X, + 0.0209.X,
® "

L = —28.6959 — 0.00001.X, + 0.4212.X, + 0.0002.X; + 0.1931.X,
@ 94

L = —31.4294 + 0.0003.X, + 0.2589.X, — 0.0004.X, + 0.4924.X,
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<Table 17> Determinants of Efficient DMUs by the type of
institution (Logit Model)
(N=16)
Tertiary
Variables Total & Hospital  Clinic
General
hospital
) Coefficient .0001 .00002  -.00001 .0003
Gross Primary
Income z 0.84 0.11 -0.13 1.48
per capita p-value 400 914 900 139
Coefficient 1.7956 8421 4212 .2589
Empl t
HPIOVIEN z 156 156 1.34 0.90
Rate
p-value 119 118 180 370
Coefficient .0001 .0007 .0002 -.0004
Population p 0.64 0.70 087 149
Density
p-value D24 483 387 136
Coefficient 2301 .0209 1931 4924
Elderly
Rate p-value 447 944 339 137
Coefficient -118.787 -54.5384 -28.6959 -31.4294
Constant z -1.57 -1.53 -1.51 -1.46
p-value 116 127 131 144
LR Y* (4) 12.26 8.31 4.05 9.84
Model
p-value 0155 .0808 .3995 .0432
Summary
Pseudo R* 5592 A182 1825 4488
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where

X, ' gross primary income per capita
X, : employment rate

X;  population density

X, ' elderly population rate

mpA et o 2 Wl & A ¢l DMU AlololA HlE& Ak = 7|4 &8
4 Aol e A= acle] FoldlAl dotry] 8] A3 AERY
(truncated regression model)S AF-&-38lo] #2413t ZA3}7F <Table 18>
A E o] Atk AA gE7|dE Ao w s W 7 A9 V=

o
&4 A58 4% BAYCR F9% Auuss gk A 9

31, p<.001). ©]
w Al4=(coefficient) 7} - 0.00004% &9 #S 7HA R 19T AIEF4
So] F7tstd 7eA &4 Age gagth & E I oA
e E84 AHed dHHeE F9% IS vA= HMFAH
(t=7.67, p<.00D). 1T e HFaTEHEY 2 TEFH L (t=-2.06, p=.039)
o] 91°(t=4.65, p<.00D) A FAHoE fFolgt Awwmig=d, AF

TEHEY B FFEL A= Ved 2 Aok FHe dAE B

ANFEIHY 2 ZIYY (LR Y (4)=12.07, p=.0168)7 ‘A (LR (4)
=187.92, p<.001)ol A EAH o2 o oz ey,
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<Table 18> Determinants of Inefficient DMUs

by the type of

institution (Truncated Regression Model)

Tertiary
Total & Hospital  Clinic
~ General - _
(n=9) : (n=R) (n=7)
hospital
(n=11)
Coefficient .000005 .00001 00005  -.00004
G Pri
ross rmaty t 0.54 1.68 111 531
Income per capita
p-value 589 .093 .266 <.001*
Coefficient 0100 -.02026  -.05518 08775
Empl t
Hproynen t 031  -123 089 767
Rate
p-value 759 218 376 <.001*
Coefficient .0000007  -.00004 -.000001 .00004
Population t 001 206  -0.02 465
Density
p-value 989 039 981 <.001*
Coefficient 0283 00144  -.00324 02428
Elderly
Rate p-value 342 882 915 <001+
Coefficient -2840  1.73779 277088 -3.67799
Constant t -0.12 1.74 0.83 -6.52
p-value 907 .081 405 <.001*
Model LR x*(4) 1.51 12.07 1.44 187.92
Summary p-value 8250 .0168+* .8380 <.001*
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A 29 59 3AEdS obdo 2o

@

AA ol =57]

Y = —0.284 + 0.000005X, + 0.01.X, + 0.0000007.X, + 0.0283.X,
HFEIE 2 FEY

Y = 1.73779 + 0.00001.X, — 0.02026.X, — 0.00004.X; + 0.00144.X,

o,
ro,

Y = 2.77088 + 0.00005.X; — 0.05518.X, — 0.000001.X; — 0.00324.X,

@ <9
Y = —3.67799 — 0.00004X, + 0.08775.X, + 0.0004.X, + 0.02428 X,
where
X, : gross primary income per capita
X, : employment rate
X;  population density
X, ! elderly population rate
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fHoz v gL Aoz el tH<Table 19>).

<Table 19> Technical Efficiency Scores of DMUs

Tertiary &
DMU Total General Hospital Clinic
hospital
Seoul 1 1 1 0.813
Busan 0.876 0.851 0.857 1
Daegu 0.854 0.837 1 0.825
Incheon 0.802 0.770 0.707 0.996
Gwangju 0.994 1 0.982 0.843
Daejeon 0.749 0.888 0.728 0.857
Ulsan 0.874 0.999 0.975 1
Gyonggi 1 1 1 1
Gangwon 0.827 0.900 0.754 0.819
Chungbuk 1 0.998 0.939 1
Chungnam 1 0.934 1 1
Jeonbuk 0.999 0.941 1 1
Jeonnam 1 1 1 1
Gyongbuk 0.973 0.970 0.892 1
Gyongnam 1 0.942 1 0.932
Jeju 1 1 1 1
- 68 -
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4 A fFi(input slack)S AHEWA IS ALE FooF 3= A9 A
oA 1T, AFETHEY 9@ T &

A EHelA N2, FF, Ao, Wl B4 = gldd 2

SEFALE Folof st A S AA EAAA DA, BEsEE A
R FEEA A 6 A, T, -, i, S5, AR, W'

ol A= A TH<Table 20>).

<Table 20> Input Slacks of DMUs

(unit: person)

Tertiary &
DMU Total }(l}ssnlii Hospital Clinic
RNs NAs RNs NAs RNs NAs RNs NAs
Seoul - - - - - - 1,090 -
Busan - - - 31 - - - -
Daegu - - - %) - - - -
Incheon - - - 223 - - - -
Gwangju 1,234 - - - - - 22 -
Daejeon - - - 147 - - - -
Ulsan - - 49 - - - - -
Gyonggi - - - - - - - -
Gangwon - - - - - - 30 -
Chungbuk - - - 340 - - - -
Chungnam - - - - - - - -
Jeonbuk - 688 - - - - - -
Jeonnam - - - - - - - -
Gyongbuk - - - 429 - - - -
Gyongnam - - - - - - - -
Jeiu - -
_ 69 _



g A ool 2t

S

A

84wt

To-

)

e

—_
fite)

N

ay

Nl

W
~
B

o[/
~

)

R

=

fife)

2971 OECD =57}e] H. 2] g A2 9]

Aol A e veks 2000858 20061 7kA] 7)<

284 A7t 1480l a, 2007 0.993%, 2008 09857, 2009 0.921

and Cafri(2016)<]

2010 0.8867F 0.5 AJ7Fo] A
< 71 SEivEke] QI 1,000 FE A= 20000 2,989 ol 4 2010

W 461802 54.7%7t%E F7F3YHOECD, 2021). %3k 2010 -2}

gtrt Ve 284 a7 027 o

]
H,

ﬁ]e

o

13.86, 14.549, 11.054, 14.64" (OECD, 2021)%.& 2734} 7}

.

ol

oo

ToR

)
bl

AbgE A3 2021 4

=N

LIS/ A= A ¢

o

&

27|

9
o] 53.3%,

ol

>~
T

N

ol
Z]I

G
Jvmo

O
Gatal
NR

o

o] 11.6%7} ¢ &9

.
g

2]

om ¥
1 7Es A7IA 2L

[e)
S
1t

71#¢] 30.3%°l =3l

=
i

A A A

4 el

A}

_70_



==
LS

H FF(57%), A

0_] U]

;g.r

g

X
ofAIL AFTF 21% = 7+

\

=

=1

2 5

[©)

<
R

2021). 2017378 2019 7kA] kS AY

i=
S,

4 nEA
(55%), F+4k(51%), 74 (50%)

R4

3

s

i}

9]

) WO T T wﬁ o B% o mp ®
T - S RN oo W
ol o fuy WW ol - T o MW - ~
T o T 4w A
~ T o RS L N XE T % T
g w3 TR B2 B9
o o oom o 9 3T I
N i = o= ¥ o7 o
Jwru%% o o - = & %%
G Towm o KN M Z
T X o 2 o A ,m] o Xo
o oy S o Tor N
83 o o M X 2 o _ o)
m o ) = L A o X o e
v~ F K 2% g ooy T P <
. T o - o —
° ‘# o N_.o 1ﬂ__._LH0 i o o u_.n_u ﬂ_ol o MWL n ﬂh | N
TR S A 2o oH
o R R R b 0 ‘_nvmﬂ M
T Moy E ° w3 H T e o naw
~ T - <)L i S
° N 9 T I Gl ol W o
PR s . T E T e 2 o
<0 g_ﬂE Fe) e B Nr:._ ) N . ﬁl ar OME
OO NI | R B B )
B g e P T 2o oM P b = f° 0
T i mgRe P 8T T T D
2 x o ow @ L ¢t F = N
i o o o P oo 2 = ® w C . o
6 1r0 X u N -~ o ﬂ 1_
N ™ E ST I C N A =0
o & = =r o = — - G g N o N~ &
o T o ._.mo o S X 7' v o AF o
s T M W me B o B X - 2o T
) o X _ = = Q o - bt
o T R < s
L8 R AE M g oF I R A S A
NTR NE o% o] B ’ M I Y ot F oE
T W ON T OE A T #e

_71_

A9 A el o g7 we] ofdl AFA e o

S

&} o

S

JEHAS

i3



<Table 21> Output Slacks of DMUSs

(unit: thousand days)

Tertiary &
Total General Hospital Clinic
DMU hospital
Inpatient Outpatient Inpatient Outpatient Inpatient Outpatient Inpatient Outpatient
Seoul - - - - - - 25 -
Busan - 718 - 393 263 - - -
Daegu - - - - - - 38 -
Incheon - - - - - - - -
Gwangju - 4,888 - - - - - 2989
Daejeon - - - - 41 - 72 -
Ulsan - 245 - 280 32 - - -
Gyonggi - - - - - - - -
Gangwon - - - - - 180 - -
Chungbuk - - - - - - - -
Chungnam - - - - - - - -
Jeonbuk - - - 129 - - - -
Jeonnam - - - - - - - -
Gyongbuk - - - - - - - -
Gyongnam - - - - - - - -
Jeju - - - - - - - -
Mo, B Aok e $Y ¥ ABWSE AHgdel S
o BHeAad 84S SATT AAAF Aot HolE AR
W, S4 2935 @007 ATFAA A, AT, B HERT

AL, A AR A,

AARA AL, oA, o mAIA, AT FAL, A 29 A
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<Table 22> Comparison of Determinants of Efficient and Inefficient

DMUs

Tertiary &
General
hospital

Variables Total Hospital Clinic

GPI* Eff > Ineff

ERP

Eff > Ineff Eff > Ineff Eff > Ineff

Eff > Ineff Eff > Ineff Eff > Ineff Eff > Ineff

PD¢ Eff > Ineff Eff > Ineff Eff > Ineff Eff < Ineff

EPR? Eff > Ineff Eff < Ineff Eff > Ineff Eff > Ineff

4Gross Primary Income per capita(thousand won)
"Employment Rate(%)

‘Population Density (people/km’)

YElderly Population Rate(%)

Eff : Efficient DMUs

Ineff : Inefficient DMUs
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<Table 1> Inputs and Outputs of DMUs (total)
(unit: person, days)

Inputs Outputs

DMU - -

RNs  Nas o tend) | Daye(Outpatient
Seoul 47848 22,792 15,804,334 153,732,136
Busan 14,998 9,807 6,693,003 52,444,661
Daegu 11,090 6,700 4,983,495 38,312,123
Incheon 9,967 6,741 3,964,949 38,135,669
Gwangju 7,213 3,993 3,966,658 21,377,966
Daejeon 5,963 4,607 2,498,966 23,887,074
Ulsan 3,877 2,574 1,734,834 15,736,740
Gyonggi 31,998 24,052 14,210,592 166,965,487
Gangwon 5,207 3,157 2,284,748 19,177,310
Chungbuk 3,625 3,956 2,075,336 22,737,626
Chungnam 4,190 4,350 2,259,071 29,150,209
Jeonbuk 5611 4,961 3,595,958 28,232,105
Jeonnam 6,175 4,166 4,181,943 27,375,342
Gyongbuk 6,327 4,936 3,217,766 34,036,565
Gyongnam 10,657 7,489 6,010,864 45,282,027
Jeju 2,410 1,081 832,391 10,120,635

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical
Yearbook.
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<Table 2> Inputs and Outputs of DMUs (Tertiary & General hospital)

(unit: person, days)

Inputs Outputs

DMU BNe  NAe  Number of Visit Number of Visit

Days(Inpatient)  Days(Outpatient)
Seoul 37,095 2,424 10,965,472 32,853,078
Busan 10,992 1,636 3,640,596 8,792,322
Daegu 6,729 1,087 2,284,292 5,458,084
Incheon 7,703 1,357 2,283,713 5,779,220
Gwangju 4,870 572 1,963,145 3,998,945
Daejeon 4,409 784 1,551,852 3,761,202
Ulsan 2,138 232 912,347 2,161,175
Gyonggi 22,376 2,633 7,626,539 22,332,135
Gangwon 3,721 489 1,318,999 3,129,922
Chungbuk 2,710 772 1,178,928 2,536,987
Chungnam 3,203 978 1,390,963 2,802,490
Jeonbuk 4,275 600 1,724,231 3,304,008
Jeonnam 3,477 788 1,841,407 3,251,350
Gyongbuk 4,621 1,120 1,804,546 4,319,867
Gyongnam 7,075 1,059 2,735,147 6,251,696
Jeju 1748 172 637,999 1,610,923

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical
Yearbook.
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<Table 3> Inputs and Outputs of DMUs (Hospital)

(unit: person, days)

Inputs Outputs

DMU BNe  NAe  Number of Visit Number of Visit

Days(Inpatient)  Days(Outpatient)
Seoul 6,031 3,176 3,620,547 9,745,856
Busan 3,389 2,814 2,632,468 7,214,010
Daegu 3,477 1,659 2,450,957 4,536,220
Incheon 1,727 1,296 1,259,912 2,885,780
Gwangju 1,816 1,163 1,692,806 3,900,981
Daejeon 1,172 961 736,437 2,308,196
Ulsan 342 693 715,275 2,223,532
Gyonggi 6,403 4,804 5,102,109 13,348,528
Gangwon 913 608 719,135 1,237,632
Chungbuk 594 580 603,723 1,573,998
Chungnam 564 777 580,971 2,255,805
Jeonbuk 840 1,098 1,354,364 2,019,121
Jeonnam 2,286 1,052 1,923,924 4,310,217
Gyongbuk 1,418 845 1,163,324 2,667,420
Gyongnam 2,763 2,317 2,806,759 6,968,156
Jeju 214 37 142,135 210,401

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical

Yearbook
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<Table 4> Inputs and Outputs of DMUs (Clinic)

(unit: person, days)

Inputs Outputs

DMU RN NAS Number of .Visit Number of Visit

Days(Inpatient)  Days(Outpatient)
Seoul 4722 17,192 1,218,315 111,133,202
Busan 617 5,357 419,939 36,438,329
Daegu 884 3,954 248,246 28,317,819
Incheon 537 4,088 421,324 29,470,669
Gwangju o527 2,258 310,707 13,478,040
Daejeon 382 2,862 210,677 17,817,676
Ulsan 297 1,649 107,212 11,352,033
Gyonggi 3,219 16,615 1,481,944 131,284,824
Gangwon 573 2,060 246,614 14,809,756
Chungbuk 321 2,604 293,185 18,627,041
Chungnam 423 2,995 287,137 24,091,864
Jeonbuk 496 3,263 517,363 22,408,976
Jeonnam 412 2,326 416,612 19,813,775
Gyongbuk 788 2,971 249,896 27,049,278
Gyongnam 819 4,113 468,958 32,062,175
Jeju 448 872 52,257 8,299,311

Data: HIRAS, NHIS. (2020). 2019 National Health Insurance Statistical
Yearbook..
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Abstract

Measuring the Technical Efficiency of Nursing Personnel

in South Korea and Its Determinants

Hayoung Choi
College of Nursing
The Graduate School

Seoul National University

The aim of this study was to measure the technical efficiency of nursing
personnel by region in South Korea using the data envelopment
analysis(DEA) and to identify its determinants. The subject of study
covered 16 regions in South Korea, and in order to ensure the
homogeneity of the decision making units(DMUs), an analysis by the
types of medical institutions was made alongside analysis including
all medical institutions. The variable returns to scale(VRS) DEA model
was used, with the numbers of registered nurses and the number of
nurse assistants as input variables, and the number of visit days of
inpatient visits and the number of visit days of outpatient visits as
output variables. All data were extracted from 2019 National Health
Insurance Statistical Yearbook by National Health Insurance Service
and Health Insurance Review & Assessment Service in Korea.

In order to identify the determinants of technical efficiency, gross
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primary income per capita, employment rate, population density, and
elderly population ratio of each 16 regions were set as explanatory
variables with the source of the data coming from KOSIS(Korea
statistical information service). Two-part model was used. For the first
stage, Logit model with four explanatory variables as dependent
variables and technical efficiency scores as independent variable was
applied to analyze whether there were factors that determine effective
DMUs and ineffective DMUs. Subsequently, truncated regression
model was applied to identify the factor that determine the degree of
inefficiency among inefficient DMUs.

As a result of DEA, the technical efficiency scores of 16 regions
were found to be very high with an average of 0.934 points, and
‘clinics’ had the highest score with 0.943 points. Kruskal-Wallis test
was done to find the difference in the distribution of technical

efficiency scores among types of medical institutions which

demonstrated no difference(x*=0.45, p=.800). Input and output slacks
were derived and each region had to increase the outpatient visits by
370 thousand days or decrease 77 RNs and 43 NAs on average to
achieve efficiency. In Korea, however, where the number of nurses
per patients is insufficient, reducing nursing personnel to an efficient
level may not compromise the quality of nursing performance. Theref
ore inefficient DMUs should achieve efficiency by increasing the
outpatient visits by improving the quality of medical services that enc
ourage local residents to use local medical institutions.

Logit analysis found that there were no factors that determine

_97_



effective and ineffective DMUs, but as a result of truncated regression
analysis, the population density was statistically significant(p=.039) in
factor of efficiency scores of inefficient DMUs in ‘tertiary and general
hospitals’ analysis. And all four dependent variables were statistically
significant in analysis of ‘clinics’(p<.001).

This study has its significance in that it provides basic data for
policies to be made that improves the distribution of the nursing
workforce by analyzing the efficiency and its determinants. However,
due to the nature of DEA, it can be concluded that the input(nursing
personnel) should be reduced to achieve efficiency. Therefore, care
must be taken in interpreting the results in terms of the quality of
nursing care. Finally, there were some discrepancies with previous
studies, so follow-up studies including additional explanatory variables

such as the Gini coefficient and life expectancy are needed.

.............................................

keywords : nursing workforce, technical efficiency, data
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