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A Comparative Study on the Efficiency of
Dental Care Firms in Korea

Kim, Tae Eok

Department of Economy and Industry
Graduate School of Maritime Industry

of Korea Maritime and Ocean University

Abstract

Since the enactment of the act on medical devices on May 29th, 2003,
the medical devices have experienced a dramatic advancement. Among
such, the dental device market has been persistently growing for the last
several years along with the aging of the population, illness onset rate,
technology advancement and such, and as people came to recognize the

importance of dental hygiene.

Currently, the domestic dentistry level is close to that of developed
countries, but only a part of related components, materials, and medical
devices are produced domestically, and cutting-edge products mostly rely on
imports. A rapid change in the dental device industry requires subsequent
changes on the part of the companies such as reduced prices in
infrastructure investments, etc. Such changes will clearly have a negative

impact on the dental device industry, which will lead to the sales
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performance of the companies, and small-sized or non-listed companies will
have difficulties in securing profitability, and eventually will be at stalemate

or deteriorate to dying out.

This study utilized DEA and Malmquist productivity index in order to
analyze the corporate efficiency against 15 domestic dental device
companies. DEA is a static analysis on the efficiency as of the current
moment, and Malmquist is a dynamic analysis on the changes in efficiency
between two different points in time. The analyzed period is the recent
five years from 2011 to 2015, and the input parameters used for the
analysis are the number of employees, fixed assets, and sales management
expense, and the calculated variables were set to the sales and current

term net profit.

The analysis result on the efficiency and efficiency changes of domestic
dental device businesses can be summarized as follows. First, as the result
of the technical efficiency analysis, there were 8 efficient dental device
companies on average, and from 2011 to 2015, the technical efficiency has
increased. As for the net technical efficiency, the number of companies
with the efficiency value of 1 was increasing every year, and from 2011 to
2015, the net technical efficiency has increased. There were 8 companies
with the size efficiency value of 1 on average, and from 2011 to 2015, the

size efficiency has decrease.

Second, the efficiency was found to be high with non-listed companies,

companies with history of 15 years or longer, and large enterprises, and in

_Vi_

Collection @ kmou



case of companies with longer history or large enterprises, it is possible
that the operation know-how’ s and technology accumulation may lead to

higher competitiveness in the market, resulting in higher efficiencies.

Third, the causes of inefficiencies were analyzed for inefficient dental
device companies beside efficient dental device companies. As the result of
the analysis, the company with the characteristics of decreasing profit of
size over the 5 years was the large enterprise “Ostem Implant Co., Ltd.”
In contrast, “Nibec” has the characteristics of increasing profit of size

since 2012.

Fourth, as the result of analyzing the change in efficiency of
telecommunication businesses, 5 and 6 companies, respectively, had
Malmquist productivity index of 1 or higher in the period of 2011~2012 and
2012~2013. After 2013, 7 companies had Malmquist productivity index of 1
or higher, and the efficiency increased against the year before. Also, the
trends of productivity index and technological advancement are similar, that
is, the speed of the efficiency change is related to the speed of
technological advancement, and until 2013~2014, the speed of the
technological advancement increased, but in 2014~2015, the speed of the

technological advancement decreased.

As for the implications of this study, first, it is impossible to achieve
efficiency perfectly even for companies over a certain size in an
overheated market. Second, the competition circumstances have been

furthered within the dental device market. Third, small/mid-sized companies

- vii -
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and large enterprises have greatly varying human resources and R&D
related to dental devices. Fourth, the overall awareness and support for
domestic dental device industry are still lacking. The limitations of this
study are as follows. First, the analysis of the efficiency and efficiency
change of dental device companies involves the limited field of dental
devices, and there were no comparisons to other medical device companies.
Second, a frequently raised issue in efficiency research is the estimation
from non-econometric model, and it appears that comparative analysis of
efficiency between companies through an econometric model is necessary.
That is, Tobit regression Analysis or SFA (Stochastic Frontier Analysis)

should be considered.

KEY WORDS: DEA, Malmquist product index, Dental device companies, IRS,
CRS, DRS
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Country 65 and C.)lder population % of 65 ar%d older population
in 2008 in 2008
Japan 26 20.50%
Germany 16.8 20.40%
Italy 11.8 20.30%
Spain 7.2 16.80%
France 10.7 16.50%
UK 10.1 16.40%
Australia 2.8 13.10%
Canada 4.3 13.10%
US 39 12.90%
Korea 5.8 8.30%
China 109 8.20%
Brazil 11.8 6.40%
India 62 5.50%

A5 : GBI Research, Internal Database, SEP 2010

_‘]3_

e - P
Collection @ kmou



@ Ao} YEVE 4%

:I.L

A

A oF o] o]

Elmo] A&my] u]Eo), ol

A~
a5

sh=t AbE-

5 oA

otz THH oA

AT ololH FF 9

z:;-_]__

o o

o

s

X|nfE YEE

138 dE2E

b

<a1¥ 2-

S Aot B4 A=

CAD/CAM 7&< °|&

3

=
=

2t}h CAD/CAM 7]&& X338 X-ray #H]o|

AFL Y A% T 5

z:;-_]__

Ad AHe} Fdo=m T3 T

2=
T

2AUE BB

_14_

Collection @ kmou



o @A CAD/CAM Al z=®le wol ®HgFo] AREstal ot o] Al=Ele
53 AU AL AEErt The e sl Hol A3 BAo]l s #83H
A g A =T

CAD/CAM 7] A3} Hds A= 4 3-494 ded A=7|be & 34
o7 Zo FU. olo] WME X857} e HL A Fo| ket FAe B &
AT

)
[}

Rl

<19 2-2> A& CAD/CAM A|=Hl

@ v & AF N 243

Az erl %7 A7 g umAge] MR An Ame]l £a¥d Ao B
9T AT geAttel Be 84E O An¥ & A HAT A%Y o=
17] Bl 27kt ok olol EAYA AR E Ao} A= 7TH mH}
T Qe FAolth Ao Ao} ww o877 B4 SEH Ao} uwx
Ao} wgol Aol BAL AL AT B 4 Y= Aotk Ao} )

2 A7}t ofyzt A dv§ Ee Aopo)d FFE Al = ARE 9

N

LR

o

Collection @ kmou



FolA GA Hol= Y E AoF oy teket wA XNF5E x93ty It

Azt emr)7] R Qs AHUE A BEo2 FAS 29} W
T} Z7h8la AT lgo] tiE BAT o 271 e AEA 5AS A

& =7 AFer & g Ao

<39 2-3 AF} Ar A=

® X #§ X-ray

X-ray 7]%9] wdog X#}L X-ray o 87]7] Bok= AR FAojth 2014
W oo AFEPAAEEZA] A 2= AN 2 FE -4 B 71E 9F 429
deog 11-149 dHT AZAELS oF 6.8%= 571 FAolth. @A tAE o]
A A2 wsro] 71 w8 QY ES Holal 9l o, HIS(Hospital Information
System)< S3liA WAH LFF AAHES FFAI L Ak v= ATAE O
ZHRoT ZPret e FY AUMELS HIY F§ VIE J gAE A
7171 #4d 719 AAE WFa Qe Aot gAY ow|A] AlxEle 7]E]
kol Ak o877 Aol 29l wst

—_L
—
£ FESH e Eokolth o= o3 Edles AlS E Zloer HAlth

_16_

Collection @ kmou



<Y 2-4> AH-& X-ray
£ : vl (ttp://www.vatechcorp.co.kr)

® A3 A& AN2"e gLt

A2 Aol Auel YALs Bao] o miokAey X} RUE A, o}

w7l AZHA AT WHejstRolaldaehzbAl Teftt daAe] dFHL 9l
o}

.23 N AEVIE 94 X3 Ad4HDental Impression)S TR €3S ¢ JE=

ABX W2o] A3t A ABEH AzE Aol waol FFHL Uk

=m:. =3 %Zéﬂlﬁ—](Measuring process plan)S AFoE F
&

o
=~
()
&
)
offt
r (%]
1>
W,
s
e
b
i
=
e
o
™
o‘;":‘
ofy
2
o,
.ﬂ

5‘4 Z13}E Multi-Axis
A WAYES
M Qs

_17_

Collection @ kmou



=
a

2.23 A g8r)r EF
@ Dental Implants

I 5% e mﬂ (% mﬂﬂﬂé
°f o W row G
w T B @MNM@M
T o o TR R
- _ N -
) T o N RN T o
AﬂMﬂmamE Z]HT_A_v
0 X o H]ﬂo X o
B T %@_M@_ﬁ%
KR CEE NI
sl ‘Wm# ,OT%A‘.&.%
%Egjuo ﬁlOﬂ.AliHTJ.
o oo 70 ) K
"oy R g e
I BT AT
y LY [~ Af o o
ﬂ_ﬁ MHOt JN_U‘_LIHAT.EO
Wy B - Y fo W
.0 IE,mW J._|Cl
T E o
’uﬂ,g.lo E.*;I.Mv ﬂ.Al]A
Wﬂfwavﬂw %%oﬁaooWE
oy = B e X
Koo B o
?Mﬁﬂ I S |
_.E‘.roNﬂ‘,w = AE,.m—lﬁu]‘urﬂ
o] ™ I p & ~ o Jo X 0K
T IS N i
| 5 o S
o X g T ow T
o ﬂ.bmnm w ‘m_L o
i~ (a4 Loﬂ;l]g‘%‘u_l
T w0 Yooz o u ' X
w oo 30w r=E: I e B
e 2 . L R
oM e o Mo
™ X X o X & & 0 oy
I s I CC R W

]

A
a

_5')_
SEED

Bodlas A9y IA F-EEAY

_18_

ZE

=
=

® Crowns and Bridges
Collection @ kmou

|23 Aoh} Felzk Ao}

oS

w



o] =2}7]

1=]
Porcelain fused to gold crown(Z=#}A&%-7}-3-2]

o
- T

de A= Ho

(s

o wa}t Gold crown(gxd &) &+

=
AL

o] A

=]
=

|
)

Bl

Jo} Ajo] ==

X

B 431 collarless PFG crown(&= ) v}2 71--2] %)),

!

All ceramic crown(=x1d#=#) 1g

s el

A2

o
=

Porcelain laminate veneer(g}=] 4] o]

e

o nAEg A

@ Dental Biomaterials

27

st of

o) Awh &

=4
o

=il
Sk

, ElAlEE A2k

_g]

o

FTAAE A= F 1004 ]

=y

ol

o)t X Aol

joF-
s

p—

X

=7 Yergs Zlel 7t

3l

2|2 zol B

e

o] 7134

)

A ¢o] Woj|

)

)

& 4

3]
ol 7bg $53A Ad Hoksk g wSE ABE AR

glo] F= G} oY

Aol # A

[e)
T

E(l_

R

Z

7V Ao AdE AsE g

| —
)

Bl Al 2}

g3t

2 2

Al ete

EEDE

ko)

Z] %
Z

P g2 4EA Ao

_19_

Collection @ kmou



23 X3 287]7] A Ao W E

231 W AHA§ 877 NB ER

Lo

S A F§ o877 Al BASH] AsiA Akl omr)r] F5 8 F
=

=8 T &3 A9 6€ M) AAE BFIZEE ARESAT ©

N,
XN,
rr
=
N,
-
N,
)
N
-
N,
)
=
e

=
Q

=N
5
w

&
o

=

@

=

&
&
Lo
ku
op
i
=
e

=
Q

=N

supplies, (C) X3 A F Dental MaterialsZ FA YFoAH UEFE FASE=
wAHA, B, O} 5789 AR o] Fo| X

re
St
1%
K
>
rlr
1o
frtl
N
N,
i

fa
M
u
kU
[t
ofy
o
ﬁ
k)
)
frtl
A
re
o
u
H
1%
gﬂ
n

Q)
=
=x2 ge A% (O ZE] B2 AFgANow EHH A9 9

il =
M) Zoo 2O ong Wewizw BRRY A9l BAR Armos X

O W ANF R

Ao B/ q @] o8Iy Ak B £E59 AF muARe Fu) A
H& Au7|7E A A AA AFTFEES 20109 6,51495537THH o= F
AFE|glom] 2007dRE 20106 7kA) ]
=

_20_

Collection @ kmou



CAGR
7.4%
0.1%

29.1%
2.3%

2010

27.9

dA AR

2009

125,084,535 | 141,736,900

29.0

oj27]7] At

<E 2-» Ul AAE d87)7] ANZ AR

493,530,829 | 604,174,069 | 592,630,486 | 611,720,666

180,817,363 | 205,440,609 | 191,193,026 | 181,471,611

608,532,727 | 716,558,891 | 658,738,977 | 651,455,377

BAH(A) == (B) +57 51 (C)

TA O /AFTFE D) * 100

o~

S
= 5|8 |
[@N] ﬁu’ [@N]

(9]

(@)

Lo

&
= e
[@N] OO’ [@N]

Lo

©
<. o |
~N|[X | IRk
M| = | Ak ® |-
o < E

AR (D)
=2 =7]71Atd g e,

ot

S

o1

CTFYYgEE(BE):

=
2
A=

PR e

o

4o

292% %2 A A

‘mo

XK

|

§]—1__

o
= =

7]
™

Sl A5he o
Q= A7 FAok =2y o 857)7] AA A

Hl &2 2007 18.7%

) B

o]

P TA%E L& Ao 2 Hola &
& W3 YeA ettt

1o
T

(e}

=
T

3l

Nfo

~

L —
)

(@9 : 99D

Far 20104 )

°

Z}A]

=
=

1—

b

_21_

gR717 Y

]_

S

<E 2- U 98771 & AAE 877 ARTE AR

°|=271717F AHA

=

16.7%

=1 EARNEES
(]
oY = g
- ©
26%1
O | o
o || & IS
S|s 3 =
- oo
26%1
O | O
o || 12 N
Sle = ®
N~ |2
on | —
AN | o
>~ || WY N
S EES
- oo
26%1
N
N
T} ™
8 k)

=l AIE 485717
:ekarol 27714k 8 )

A5

1@ Kmou

IO

-
.
Q)

Coll



@ W A#E 8|7 Ax A%

FRIYEs S A3 owr)7] Az @S AvEY AFA RS} 5129
oUoR b e AN Holw gor T FFFo] 498902 el
=

DHEAAZES AADLGSAE77] F5Tol 529%= 7HE wkom AR

(¥ 2-5 FITHE JUW ARE 4877 Ax IR

(THo] © &)
T SE CAGR
T2 2007 2008 2009 2010 07~10)

A HA 5 | 427,933,320 | 516,364,373 | 506,667,448 | 512,900,360 6.2%

ZAR=AE 33,931,380 | 49,546,771 | 47,417,049 | 49,861,361 13.7%

Ale717- | 24,003,405 | 30,571,641 | 32,088,651 | 37,357,790 15.9%

X|#-8717] | 3,210,532 3,501,387 2,589,475 5,741,098 21.4%

3] 3,096,770 2,214,931 1,946,012 2,593,373 -5.7%
o
A=
664,960 1,508,858 1,005,284 2,376,828 52.9%
47171
osg 4 672,006 466,108 898,128 856,063 8.4%
FAH7] 18,450 18,439 33,793 22.4%

LA 493,530,829 | 604,174,069 | 592,630,486 | 611,720,666 7.4%
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s 2007 2008 2009 2010 (07~10)

A A5 | 156,352,056 | 155,503,557 | 132,186,556 | 133,865,983 | 133,865,983

ZAR=AE 7,977,992 5,947,684 1,188,249 2,126,467 -35.6%
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AR !
3 1,027,448 2,677,697 495,717 471,158 -22.9%
e}
AAEEE
750,344 550,110 74,024 586,309 -7.9%
3717]
=8 74 158,888 154,483 64,449 138,387 -4.5%
FAL 65,880 38,148 46,095 12,518 -42.5%

LA 194,594,665 | 186,325,478 | 149,790,838 | 156,947,063 -6.9%
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Zooo 2007 2008 2009 2010 CAGR
A2 | 46,093,998 | 52.956.830 | 68.845.063 | 87.490,150 23.8%

Ale717- | 19,382,589 | 23,543,253 | 21,877,284 | 26,720,850 11.3%
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2) Charnes, A. Cooper, W.W. and Rhodes, 1978, "Measuring the Efficiency of Decision
Making Units, European Journal of Operational Research, Vol.2. pp.429-444.

3) Banker, R. D., 1984, “Estimating Most Productive Scale Size Using Data Envelopment
Analysis", European Journal of Operational Research, pp.35-44.

4) Charnes, A. Cooper, W.W. and Rhodes, 1978, "Measuring the Efficiency of Decision
Making Units, European Journal of Operational Research, Vol.2. pp.429-444.
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BCCEE e CCREHOAS TS FRISYTN w/&aede T8I
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Atk BCCRE S 8% 49 SUAANT wdnh 42T 230 J2aed @&
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A, BteS, v, 201D.9
3

CCR=® 7 BCCREL Wwald, CREES Frax2ue) 4ars08e

7H%t & e ##Ed DMU S7F, 1d9a 44 s 7Hgstal CCREE A8
71& & -&4(technical efficiency)elgl ¥t} BCCRE2 H#H DMUEC] A3}
= A4 Hedd BES A3 (convex combination) g 7H83stH, BCCEE A&
T7|=a&(pure technical efficiency)elz} 3gtoh. THeF DMUZF CCREE H
BCCRE Aol gt a&olgtdd 7P A4HA 89 AV|E2 95+

5) Banker, R. D., 1984, “Estimating Most Productive Scale Size Using Data Envelopment
Analysis", European Journal of Operational Research, pp.35-44.

6) 44, ¥5S, i (2011),"DEA Zate} dpA|d2|Ar F7ke] vlwo] Z73t =7F R&D Z2A)
Eof 584 W BAE U WOk YA AJAAT, M27H A45, pp.33-52.
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3.2 Malmquist A3 A4

1953 Malmquistell ¢Js] Mamlquist-index7} A& A¢t=E o™, Caves,
Christensen and Diewer(1982)De] <Js] HHI2E A4HY AF7F Ao HIATH
Fare Grosskopf, Norris and Zhang(1994)8¢] DEAR&-& ©]-&3%F Malmquist A4
A S st A4k Eﬂﬁ‘r SAsIAH. 7€ AFAES Ao TdT
Zo] &4 Walel J1eAd 84 wWalel AdAA A YA wWalel y)&w s
2 24 F Jdua &3tk

o,

ZleAasd Wste oA A&t Y 2-3)3 Zo] &rFasdusASs
(Pure Efficiency Change Index: PECD®} w2 &-84W A 5(Scale Efficiency
Change Index: SECDZ u& & 3t}

NesAsE A AAGS MgEe oz ARe A9 el 9% F
A ol ofs A WMEE A ASE LA WEAFTECDE A4 o
AoAA S T ANl hFad APAAY, NETE 2 Mk o AN
5o guel M YAl WMakE vehith £471% 5 848X S(PECDE
JYHel AATEH R YN e BeHoR Bel B 2Yste] FYRLI A
FEE Wsste o Yok oEE JHE ouishe X Foln, FE A&
AGGECDE FMe) FRb 99e EEHOE Bsty] AP FRe] AA
v} H2e YEAES HefF & Y Awolch MPlol tid 4L obzs}
Zov] B ATol A MPL TECL TCOIE F4o2 Bt

7) Caves, D.W. Christensen, L.R. and Diewert, W.E., 1982. The Economic Theory of Index

Numbers and Measurement of Input, Output and Productivity. Econometrica, 50,
pp.1393-1414.

8) Fare, R. Grosskopf, S. Norris, M. & Zhang, Z., 1994. Productivity growth, technical

progress, and efficiency change in industrialized countries. American Economic
Review, 84(1), pp.66-83.
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<E 5-2> AFP87]7] 7|99 d=EE 7|€8 &4

DMU R

2011 | 20129 | 2013'd | 2014 | 20159 | H+t

(F)w| Efrto] ev| = 0.721 0.649 0.860 0.772 0.761 | 0.753
(5)utE] 1.000 1.000 1.000 0.988 1.000 | 0.998
(FEJEY 0.812 0.951 1.000 1.000 1.000 | 0.952
FALvy gz geld | 1.000 1.000 1.000 1.000 0.912 | 0.982
(FHE = 1.000 1.000 1.000 0.796 1.000 | 0.959
F 7N ST E 0.595 0.557 0.662 0.724 1.000 | 0.708
(F)tto] 1.000 1.000 0.626 0.400 0.318 | 0.669

()@l o] 1.000 1.000 1.000 1.000 1.000 | 1.000

(FHYH L 0.637 0.596 0.736 0.974 1.000 | 0.789

(FIAN AL 0.937 1.000 1.000 1.000 0.885 | 0.964

(F)A| & 0.996 1.000 1.000 1.000 1.000 | 0.999
(F)RE 2 0.623 0.688 0.558 0.538 0.640 | 0.609
(F)nte o] -2 2 0.347 0.376 0.495 1.000 1.000 | 0.643
L-HIETERF) 0.804 0.875 0.767 0.713 0.924 | 0.817
(FH)utel o] QA 1.000 1.000 1.000 1.000 0.623 | 0.925

3 0.831 0.846 0.847 0.860 0.871 | 0.851
2011988 20159714 571dzE =W X #He57]7] 719e &rlsf s
GE 5= AYstint. wrleds4d #tol 19 712 2011 7N, 2012 974,
2013 107K, 20143 1274, 20159 1270 St =3k 59 &<F &84 #o] 1<)
7192 1570 719 < 870 71dolH, 5 &t #=3] 8302 Y3 7ol
o “(FPREZ" = 2011878 20158704 &840 wkow, “(F)uehntol
eHe”, (UM dEFFE” 9 “(FPHHYHL”, “(PHEol¢EE 2" o A
$ 20119 5-H 201397kA] &&40] “ton} 2014dRE &840 AdE 714
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BCC
MU 2011 | 2012¢d | 2013 | 2014\ | 20159 | HEF
(mletatel emMl= | 0.738 | 0.651 | 0924 | 0.789 | 0.784 | 0.777
(F)nle) 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(FEJEY~ 0.837 | 0.954 | 1.000 | 1.000 | 1.000 | 0.958
ALYz gel | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
() E 2 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
EEAYSSE | 0620 | 0578 | 0.666 | 0.839 | 1.000 | 0.741
(F)tol ] 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(Fd ol 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(FHH 2 0.668 | 0.610 | 0.769 | 1.000 | 1.000 | 0.809
(A4 1.000 | 1.000 | 1.000 | 1.000 | 0.897 | 0.979
() A % 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
() El 2~ 0.635 | 0.702 | 0559 | 0538 | 0.670 | 0.621
Prtgol &g~ | 0568 | 0.776 | 0.775 | 1.000 | 1.000 | 0.824
Q- EYERE(R) | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(F)rle] o] Q1A 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
3 0.871 | 0.885 | 0913 | 0.944 | 0.957 | 0.914
npleko 2 2011¢2E 20159744 5 HLaﬂ =) X 7r)7] 7)Y FEE
£ (E 5-ol Ak 7F= &84 kol 19 719 20119 671, 2012
d 87K, 2013 87K, 2014 77K, 20154 8/ Uk EF 59 Hek E8A ol 1
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<E 5-4 AFP8r)7] 7|99 A= FEREEA

DMU B
2011 | 2012 | 20139 | 2014 | 20159 Bt
(F)w| Efrto] ev = 0.977 0.996 0.931 0.978 0.971 0.971
(5)utE] 1.000 1.000 1.000 0.988 1.000 0.998
(FIZJEHY 2~ 0.970 0.996 1.000 1.000 1.000 0.993
F AL gz ol d | 1.000 1.000 1.000 1.000 0.912 0.982
(F) 4B = 1.000 1.000 1.000 0.796 1.000 0.959
F 7N ST E 0.959 0.963 0.995 0.863 1.000 0.956
(F)tto] 1.000 1.000 0.626 0.400 0.318 0.669
()@l o] 1.000 1.000 1.000 1.000 1.000 1.000
(FHYH L 0.9%4 0.977 0.957 0.974 1.000 0.972
(FIAN AL 0.937 1.000 1.000 1.000 0.988 0.985
(F)A & 0.996 1.000 1.000 1.000 1.000 0.999
(F)HE 2 0.981 0.979 0.999 0.999 0.956 0.983
(F)utelo] -2 2 0.611 0.484 0.638 1.000 1.000 0.747
LHJEHERF) 0.804 0.875 0.767 0.713 0.924 0.817
(F)utel o] QA 1.000 1.000 1.000 1.000 0.623 0.925
T 0.946 0.951 0.928 0.914 0.913 0.930
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5.2.2 &9 AA 4

TFHdo] =& DMUS &840 ¢S dHo JS 4% 71 DMU= &&
¢l DMUZ H7she &840 100%9] = £z
DMU=E H7}gtth. DMUES] RIAEA S 45 = 93 Y57t &2 4R
Aoqud 4 Ao

DMUZ®| 7t=el tiet &4 B43t7] fls] CCREZC ofs) =55H= &
S &3k, o] FHFke] o E AR g 79 FUF 2 AAE
Tt 7M., FdHIFE Fol TN =D B R tigk oo
A3 DMU(Constant Returns to Scale, CRS)Z A3ttt =3t 2o thdlk &
o] 7+~ %l(Decreasing Return to Scale, DRS)= HHTHM#S ol 12 &

2o g 4<¢Z7F=(ncreasing Return to Scale, IRS)+= T\ ol
Ho &2 A2 ot
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(E 555 AH 8 AY FEe AA B4

DMU 2011 2012 2013 2014 2015
()W ebuto] oW = IRS DRS DRS DRS DRS
(F)ute] CRS CRS CRS DRS CRS
(FEJEY 2 DRS IRS CRS CRS CRS
EAgMyZasgold|  CRS CRS CRS CRS IRS
(F)HE 2 CRS CRS CRS DRS CRS
(F7HAYEDE IRS IRS IRS DRS CRS
(F o)) CRS CRS IRS IRS IRS
(o] CRS CRS CRS CRS CRS

(FY L IRS IRS DRS DRS CRS

(FIA 2 DRS CRS CRS CRS DRS
(A % IRS CRS CRS CRS CRS
(F)"E] 2~ DRS IRS IRS IRS DRS
(Fmte o] &g 2~ IRS IRS IRS CRS CRS
QL AHJASZTE(F) DRS DRS DRS DRS DRS
(F)ute] o] QA CRS CRS CRS CRS IRS

Ae) 8717 A4 FEe o B EREE & 5-6> AHysAoh
CRS EA<S 717 7199 & 20114 67004 20159 8791w, DRS EAS
7 7192 2011 47felA 20143 H™) 6702 E7H8ER 712015 A4 =
ZF2=3k4th RS 4L 7HA 7192 2011 570ell A 20159 370 & 74t
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GE 5-6> ATl wrY AA AR AA B4

TR Z4A 20114 2012 2013 2014 20154
CRS 6 8 8 7 8
DRS 4 2 3 6 4
IRS 5 5 4 2 3
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40l =4 Yebg oy 20143 o]Fol= tir|ge Ht JEge&Adol =4 U
E}ytTt
<E 5-T 7|2 & HFEEA: 7|84
TE 20114 2012\ 20134 20143 20154 o
AF A H] g%k 0.831 0.857 0.872 0.906 0.906 0.874
)=]
Eh s 0.832 0.824 0.798 0.769 0.801 0.805
15y v) gt 0.843 0.866 0.811 0.848 0.781 0.830
Reh=
15 o] A+ 0.821 0.828 0.878 0.871 0.950 0.870
A1 71y 0.860 0.868 0.876 0.868 0.981 0.890
= Z=4719 0.821 0.838 0.837 0.858 0.831 0.837
ot 0.831 0.846 0.847 0.860 0.871 0.851
- 7142 10~1999 7R S4A7]A, 20090l Tj7|des &7
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£ ERAAE 159 Hge )

o =skom, ZiqtRe B¢ tridel S&7I9EY e JleasAol

B AR, 48, ZIdrRel U 9= &
7l f8l <™ 5-55~<21" 5-Tol s, Aot d¥, 7=
dsiA= 201158 201597H4] B+ =7le8e4°] 5

<E 5-8> 7|24 w& HFELA: ¢rleEeA

T 20119 | 2012 | 20139 | 2014 | 20159

ot
4

H] 7 0.866 0.901 0.900 0.938 0.957 0.912

2 ox
oo

&7 0.881 0.852 0.939 0.958 0.957 0.917

15w 9k | 0.886 0.925 0.905 0.934 0.938 0.918

15 o] | 0.858 0.849 0.920 0.9%4 0.973 0.911

1214 0.917 0.902 0.942 1.000 1.000 0.952

T 4719 | 0.854 0.878 0.902 0.924 0.941 0.900

3 7 0.871 0.885 0.913 0.944 0.957 0.914
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<E 5-9 7|¥d e HIELAH: TEEEA
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53 EE&AHIEHY

DEAE o] &3 &&4 A4S 9d AFAAY 588 SAHM g Alxel
Aol &84 EHole &Yty 2R oo BT ARdAY aed W=
BA32 Zals sAI-o] th DEAZF 717 B84 Wl o3 sdAHS
FE3t7] 9] Malmquist A48 A& AHEIT MPI2} E2]-9-= Malmquist
A4 A4 (Malmquist productivity index)&= 00149 z+S 7HAH 19 3¢ F

7170 thdk 284 WHEUt gle AolH, 18t & AS
| Z7bstitky Mgt =9 180 e A T

MPI&= 1 A0 wet TClEF E+= ~7]%%lE(technological change index)et
= 7|8 84 W3(technical efficiency change index)& FEE T}
TCI®t TECIE o]&st F Zigtel tigk &84 Wsle] A s &+ U
{E 5-1009 A += MPI k< vlwsld oy, <& 5-11>& TCI, <& 5-12>& TECI
e PlastR
EAAAE AYstd, s A#AE&E77] 7199 2011~2012d 7]gbe] thdk
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20 CRANEET . Rl S EY s “euY
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“F@mEEto]l oW | “(FEXJNEYA” . (A Lug g go)
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<E 5-10> 2011~2015@ MPI 34|

MU 2011~ 2012~ 2013~ 2014~ W

2012 2013 2014 2015
(F)v| Efrto] o = 0.982 1.06 0.925 1.008 0.994
()n}8) 1.194 0.726 1.008 1.082 1.003
(FENEY ~ 1.052 1.09 1.083 0.888 1.028
@AM g=ZH Gl | 0.772 1.073 0.677 0.623 0.786
(F)RIE & 0.876 0.974 0.898 1.166 0.979
FH7HA EHE 0.856 1.157 1.279 1.246 1.135
(F)vo| 4 0.823 0.55 0.513 0.752 0.660
(F)# o] 0.636 1.701 0.884 0.571 0.948
()Y 2 0.96 0.964 1.485 1.029 1.110
(F)A 24 1.012 0.946 0.835 0.758 0.888
(A & 0.79 0.935 0.797 0.71 0.808
(F)eE] = 0.984 0.897 1.022 1.006 0.977
(Futglo] -9 1.522 1.038 2.001 0.994 1.389
LAEIETE(F) 1.013 0.914 1.074 1.137 1.035
(F)utE o] Al #] 0.85 0.853 0.849 0.394 0.737
71848+ 0.936 0.965 0.972 0.854 0.932
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<E 5-11> 2011~2015@ TCI A

DMU 2011~ 2012~ 2013~ 2014~ -

2012 2013 2014 2015
() Eprto] 2 H = 1.091 0.799 1.031 1.023 0.986
(5)utel 1.194 0.726 1.020 1.069 1.002
(FIEZJEY X~ 0.898 1.036 1.083 0.888 0.976
FALry gz geld | 0.772 1.073 0.677 0.683 0.801
(F)dl e = 0.876 0.974 1.128 0.929 0.977
F U7 ETE 0.914 0.972 1.170 0.902 0.990
(F)tol 0.823 0.879 0.804 0.946 0.863
()4l o] 0.636 1.701 0.884 0.571 0.948
(F)H 2 1.026 0.780 1.123 1.002 0.983
(FANA L 0.948 0.946 0.835 0.857 0.897
(F)A| & 0.786 0.935 0.797 0.710 0.807
(F)HE 2 0.892 1.106 1.061 0.845 0.976
(F)utelo] -2 2 1.407 0.788 0.990 0.994 1.045
L2HIZHEGF) 0.931 1.042 1.155 0.877 1.001
(F)uke] o] ql A 0.850 0.853 0.849 0.632 0.796
7|8+ 0.920 0.953 0.962 0.849 0.921
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{E 5-12> 2011~2015d TECI 3A]

DMU 2011~ 2012~ 2013~ 2014~ -

2012 2013 2014 2015
(F)w| Efrto] o = 0.900 1.326 0.898 0.986 1.028
(5)utel 1.000 1.000 0.988 1.012 1.000
(FEJEY 1.171 1.052 1.000 1.000 1.056
FALmyZageld | 1.000 1.000 1.000 0.912 0.978
(F)dl e = 1.000 1.000 0.796 1.256 1.013
F U7 ETE 0.936 1.190 1.093 1.381 1.150
(F)tol 1.000 0.626 0.638 0.795 0.765
()4l o] 1.000 1.000 1.000 1.000 1.000
(F)H 2 0.935 1.235 1.323 1.027 1.130
(FANA L 1.067 1.000 1.000 0.885 0.988
(F)A| & 1.004 1.000 1.000 1.000 1.001
(F)d g 1.104 0.812 0.963 1.191 1.018
(F)utelo] -2 2 1.082 J=1 7 2.022 1.000 1.355
L2HIZHEGF) 1.088 0.877 0.930 1.296 1.048
(F)uke] o] ql A 1.000 1.000 1.000 0.623 0.906
7|8+ 1.017 1.012 1.011 1.006 1.012
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<& 5-13> 2011~2015d EA4E E&A W3 F9

. aw 011~ | 2012~ | 2013~ | 04 |
2012 | 2013 | 2014 | 2015
A | W | 0935 | 1066 | 1033 | 0836 | 0.967
N A% | 0994 | 0843 | 1001 | 1.002 | 0.960
1590 | 0945 | 0989 | 0986 | 0741 | 0.915
o | o 15901 | 0963 | 0995 | 1.054 | 1.022 | 1.008
Aep | @19 | 1011 | 0895 | 1116 | 1104 | 1031
TR | 22719 | 0934 | 1027 | 0988 | 0814 | 0941
BT 0955 | 0992 | 1.022 | 0.891 | 0.965
s | W | 1036 | 1037 | 1087 | 1025 | 1.046
o & 0.985 | 1013 | 0955 | 1.023 | 0.994
159 | 1.037 | 0965 | 1089 | 0928 | 1.005
ma| o 15901 | 1.004 | 1085 | 1004 | 1109 | 1.050
Aoy | @719 | 1006 | 1028 | 1009 | 1148 | 1.048
TR | 22719 | 1024 | 1029 | 1056 | 0979 | 1.022
B 1019 | 1029 | 1043 | 1.024 | 1.029
| WA | 0898 | 1038 | 0947 | 0801 | 0921
o 4 1013 | 0845 | 1.027 | 0.983 | 0.967
1590 | 0906 | 1030 | 0.889 | 0.794 | 0.904
| 2 15901 | 0963 | 0925 | 1048 | 0922 | 0.965
Aoy | @719 | 1007 | 0881 | 1107 | 0969 | 0.991
TR | 22719 | 0911 | 1.008 | 0926 | 0.823 | 0.917
BT 0.936 | 0974 | 0974 | 0.862 | 0.936
-
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