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A Study on the Analysis of the Efficiency and Change
in Efficiency of Telecommunications service in Korea

Kim, Ki-Yong
Department of Economy and Industry
Graduate School of Maritime Industry

of Korea Maritime and Ocean University

Abstract

The communication industry is showing rapid development with the
advancement of information  technology — and communication
technology. Consumers are recelving great benefits from the
development of smart phones and wultra high-speed internet.
However, the consumers have increased anxiety from high household
communication expense, and increased competition in  the
communication market has led to decrease of sales performance.
Service providers are experiencing difficulty in securing profitability
compared to investment. Accordingly, it is necessary to place efforts
to increase efficiency in terms of overcompetition and sustainable
growth of the communication market.

This study used DEA and Malmquist productivity index to measure

business management efficiency of 17 communication business
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operators in South Korea. DEA is intended to analyze efficiency at
different time points, and Malmquist index is used to analyze the
change of efficiency between two time points. The period of analysis
is recent five years from 2011 to 2015. Input variables for analysis
are number of employees, fixed assets, and selling and administrative
expenses. Output variables include sales and current term net
income.

The results of analysis on efficiency and change of efficiency of
communication business operators in South Korea are as follows.
First, the technical efficiency of ten companies was 1 in all analysis
periods except for 2014. Despite the heated market competition,
many companies was 1 in technical efficiency and maintained stable
efficiency within five years. These companies showed constant ratio
of output to input. Pure technical efficiency, which refers to
operational efficiency, ten companies was 1 in all analysis periods.
This indicates that such companies achieved efficiency of business
operation excluding the scale efficiency, suggests that small
companies can show adequate operational efficiency.

Second, the results of analysis on return to scale are as follows.
“SK Broadband Co., Ltd.” , classified as a conglomerate, was had
decreasing return to scale for three years. This allows for the
prediction that the company increased its investment in order to take
competitive advantage in the market but failed to secure dominant

position in the saturated communication market. Companies with
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increasing return to scale can produce more with smaller investment.
It would be necessary to restructure input variables or reduce cost to
satisfy efficiency or obtain high output compared to investment in
the saturated communication market.

Third, for the change of efficiency of communication business
operators was analyzed, productivity index of most companies were
found to increase and had a value higher than 1 between 2011 and
2013. All companies except for one showed productivity index below
1 between 2013 and 2014. This suggests that efficiency was
decreased in 2014 compared to 2013. Productivity index of all
companies except for two companies was above 1 between 2014 and
2015, indicating that efficiency in 2015 was higher than efficiency in
2014.

The implication of this study was follows. First, all large-scale
communication business operators don’ t have high efficiency or
profitability. In other words, although large-scale companies tend to
show large-scale investment aimed to increase sales, they cannot
achieve adequate increase of sales volume. Second, overcompetition
is continuing in the communication market. That 1is, excessive
competition for speed and service to attract and satisfy consumers is
leading to excessive input of internal resources. Accordingly,
advantages of communication business are diminishing due to such
inordinate investment. Third, communication business operators need

to focus their management policy more on internal growth than sales
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growth. They must try to maintain competitive advantage in the
saturated communication market instead of prioritizing sales growth,
which requires pursuit of internal growth measures such as

restructuring.

KEY WORDS: Communication industry, DEA, Malmquist product index,
Efficiency, technical efficiency, pure technical efficiency, scale
efficiency
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ZHE "Holxl AgE SAete] a8 AFerE 54T 5 U o
DEA E¥& CCR(Charnes, Cooper and Rhodes, 1978)13x 33}
BCC (Banker, Charnes, and Cooper, 1984)19d 2 3&o 715 F11
.

CCR K& Farrello] AAIg G840l v 741 9 AEE= 4
st o2 DEARY S AASI T DMUEY Fd& 7tsgAd disiA
AEE TR vlEo] 1S YA E kT 4 R4l AEoa

TASL 0BG Ate @3 Alkxdste] DMU #9498 7Mo%
Aol tig A== 7FEAY vEs A 71aa st A EAE
Holth., webd CCREE S T4 7HA9 A28 4 7hA 9 H&2
F A3k} (Charnes, Cooper and Rhodes, 1978)15).

i

13) 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.

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

15) 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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obef 4> CCREG N gk 4ol y 9 .= DS ;9
9715 YeElY = 0RTHE 2w 2
& #ev puu,ll EEAY, ;v FYEY ¥ (slack variable) ©]

A st = AEEY e R Aot

S.0=0x 5~ B x A =7, i= 1,2, m. (2-1)
2

y”/o Zyi’i i 97 7/—12

Asi,sy=0

2. BCCR ¥

Banker, Charnes and Cooper(1984)16)= CCRXE&o] R a&A

T/Easds st S5 et ddS F5387] 98 BCC

5
Tleagds 728 7 vk BCCRFS aeA @& Foixl Akt
ofm 73

CCRE ¥ 3} BCCE P& Hlashd, CCREZS FRAA W] Yirts

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

17) SA9, 852, wjA2 (2011),'DEA Ao} spd|walat @oto) u]io] 245 27} R&D T2
AEo] 5g4 Bl BAH L Yot YA AUSNA R, A27H A4, pp.33-52.
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HAs 7M. & e ##EE DMU 7kt A E 7Hdst= 2, CCR

I=) i
238 A4+E 7|e a8 (technical efficiency)©]g} $tt}. BCCEEL2 &
Zd DMUE°] dAst= At 7sAT 55 43 (convex

combination)&  7Fgst®, BCCERE HFE 7l=asA (pure
technical efficiency)©¢]2} gt} ®keF DMU”}F CCREY % BCCEH A
FolA ek g&Aolebd JPg AAbA fRE] AVIE 9 EHE Ao
Ut BCCERE > otefi e} ol Fojd & vt

Min:© — g[ lei’-l- let]

n
s.t0="0x; — ’le,-,-?\,-—sf—,i=l,2,~-,m

yi’fo Zy;f/ i ::, 7’21,2,"’,3 (Z\_;'_Z)

1=2;

CCREZH ¥} BCCEYS vlwstA, CCREEY S fRe AA=EH BAE 7}
sHATS 7HEsiY, & e ##ZE DMUY 7t HAaAE 7HEsiE=,
CCREE H4E 7]1E a8 (technical efficiency)°|tt. BCCRE2
Z¥ DMU=e°l @Ast= A 7tedded =% A% (convex
combination)&  7Fgsi®, BCCERE HFE 7]
technical efficiency)©l]g} gtt}. wkeF DMU”}F CCREE H!
TFolA &-d3](100%) a&2oletd o= 7 AAHA 1Re] A7=E &

FH= Aolth
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A28 Malmquist FAA A F

1953 Malmquistel]l 9J8] Mamlquist—index?} #-& A¢lE o,
Caves, Christensen and Diewer(1982)18)¢f 93] WIHIAE A X
F7F A9 HY. Fare Grosskopf, Norris and Zhang(1994)19) 9]
DEAR &S ©]&3% Malmquist AFSEWHe dste]l AL WstE
SAsn. 71E A7ES Aol VIdeE 284 Wkl VeF

5874 Wshel AFAAAQ A dskel VewstE BeE 5 v

ZleAasd Wskes v Alieke] B A -3)3 o] =58
3} A 4= (Pure Efficiency Change Index: PECD £} 15 &SAWH3IIX S
(Scale Efficiency Change Index: SECD Z Y= 4 it}

ZlewsA e g Y e Wdste Ao® AR Ad7IHely
QRFA Tl I A HzE SAsH. Vsgs&d WHIAT
(TECD &= Aibg2lel QojA g5 =2 A2 sgad, AGE49,
H g2 9 Anj7E 59 T 59 A&l wE AL WstE yEhd
. =572 84T (PECD = 99489 AAasdo=s

Nefshs 7hg ouishs AEold, TR AEYMEAS(SECDE FAH
o R} 99e ARHOR BFAs AW Fue A Avht A2

2
3l d=AE e 5 gl A Eolvh. MPIO thsh =22 ofgjel Zo

18) 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.

19) 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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w, & AFtelA= MPI, TECI, TCIE TAo®E #4]

ok

.

tt+1 __ t ot _t+1  t+1
My = (a2 g, 2y

1
B [D(f(ith,ytH) D(;f+1($t+17yt+l)}2
D) D y)

1
3 D5+1($t+1,yt+1) [ D5($t+17yt+1) D(f(iEt,yt) 9
- )

D(;S(:Et7yt) D(;SJrl(:EtJrl’ytJrl) D(;Hrl(xt’yt
=TECIX TCI
Vt+1($t+17yt+1) Vt($t7yt) Vt+1($t+17yt+1)
My(at Ty gty = ——— L | =2 X (2 -3)
Vo(ah, o)

0

Déf(xt,yt) D5+1($t+17 yt+1)
1
2

[ D(;f(xtJrl’yt-Fl) D(f(iEt,yt) }

Dt+1($t+1 yt+1) Dt+1($t yt)
0 ? 0 3
= PECI. SECI TCI
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W. 1980)34).

R, W BeelA AR 9] ] ek AE A ARE shAek s,

A, SPESEE Bl AEIAAE AdHoR FET = glolop
st

A, £ Fhol AEY F4S AL ABBATL EAsiok Ak

G, WSO HRGE 0 EE S5 9 A7 el o Atk

34) Bessebt. A. M. & Bessent E. W., 1980, “Determining the Comparative Efficiency of
Schools through Data Envelopment Analysis’, Educational Administration Quarterly,
Vol.16, pp.57-75.
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3693
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1133 1225
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5363
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3552
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4370

1929

3360 606
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2599

3433

238

3106 576

428

85

1116 1233

86

3854

1186

3002 396

4457

4550

390

347 89

3635

246

51

125

3562

1222 5

95

297

2153

274

214

70

109

607

493

3596

55

2001

3459

684

254

234

129

477

56 117

4566

385

3514
2686

300

3208

646

84

51

3905
395

1314

3069

476

4690

377

386

88

372

3555

4710

1444

421

5882

105

3813

285

418

3728

362

449

59

451

4778
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A28 a8 £H43

1. 7l€2 &4, €718 84, TEaEA

2013958 201567k =9 ARFA FAVIdEE 2496
CCR, BCCEH= A& eor, 129 &

ST

CCREF o3 7eadda e 7|99 AEEo] AAts = 3l
Hlazh B w2 ZIdEel vle FlEel drhd Ads] AREEAL 9
7V S48k Zlelth BCC T/lEaads TR vasd

o]
A=l =

ZNEaaAd AAS Ror LdagAol/|E s} CCREE 7%
E84S BCC B39 <=5 7|EadNoz U e R sAog
SHTHSCALE=7sa&4/s71Ea54).

ZF A AREA 7Y §8A4S EHAYE <X 5-2>9 Ags
Stk 20119 CCREYel st 7jl=a &4 gto] 12 7H 1770 &
1070, 2012 1070 71<d, 20139d 1070 7144, 2014del= 770 714,
2015dol= 10700t} mek 53 Fok a8 Fho] 12 71992 1771 7]

A S 570 ZIdelsin. webA o= 571 V19 A% 5d ¢ v VI

o

ofl Bl &Aoo 2 L s VIdelet & 5 o “AlolH
s e 3 CAFEU T, oo A” o A Vlergddo] Wy %

o 7ldo® 3d &% Hasdoer 9% 7Igolth. BCCol 23 &
849 A9 20119~2015G7-4 25 1071 7199 &84 gho] 19]
Ao <GE 53> Ak R a&do] BT 191 719 o
Z1dolgl o <5-4>) sk

<19 5-1>3 | Jleagd, </eEsd, TREsdS
2011~2014d 7|3+ &<t FAske FAE Holtprk 2015 vl s
Eid=g

rl
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<¥ 5-2> ARTZFA 71949 d=d V&5 &

CCR
DMU

2011 | 20129 | 2013\ | 2014 | 20159 | H+F
(F) ellofw] T o] 1.000 | 1.000 | 1.000 | 0.846 | 1.000 | 0.969
(F delFa=7 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
Ao E] 39 & (F°) 0.604 | 0.497 | 0.414 | 0.386 | 0.496 | 0.479
() Qre 2wkl 0.756 | 0.630 | 0.769 | 0.536 | 0.840 | 0.706
() digte] A 1.000 | 1.000 | 1.000 | 0.536 | 1.000 | 0.907
(F) ellef sl & 0.695 | 0.761 | 0.533 | 0.183 | 0.529 | 0.540
iAol E=M=(F) | 1.000 | 1.000 | 0.868 | 0.925 | 0.891 | 0.937
=) 0.815 | 1.000 | 1.000 | 1.000 | 0.966 | 0.956
o AAlo A= A (F) 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
A EEdE(F) 1.000 | 0.691 | 0.405 | 0.369 | 0.400 | 0.573
() Aol Al 0.732 | 0.705 | 0.781 | 0.619 | 0.821 | 0.732
S A 72 = () 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
(5F) Q1S 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
(F) 3 E 1.000 | 1.000 | 1.000 | 0.791 | 1.000 | 0.958
Lol A BEA (F) 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
F G BEA (F) 0.893 | 0.949 | 1.000 | 1.000 | 1.000 | 0.968
Aol g sto] &l () 0.671 | 0.636 | 0.858 | 0.792 | 1.000 | 0.791
3 3t 0.892 | 0.875 | 0.861 | 0.764 | 0.879 | 0.854
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<% 5-3> ARFA 7149 dx4E ¢7|&as

A

BCC
DMU
20119 | 20129 | 20139 | 20149 | 20154 B
(&) ellojmlt] o] 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(F delFa=7 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
Aol e =9 &l () 0.746 | 1.000 | 0.415 | 0.397 0.537 0.619
() Qre 2wkl 0.771 | 0.664 | 0.781 | 0.840 | 0.917 | 0.795
() diste] A 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(F) ellef s & 0.771 | 0.774 | 0.551 | 0.662 0.623 0.676
iAol gE=w=(F) | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
=kl (F) 0.836 | 1.000 | 1.000 | 1.000 | 0.972 | 0.962
o AAo A= A (F) 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
A EEE(F) 1.000 | 0.745 | 0.412 | 0.394 | 0.408 0.592
() Aol Al 0.742 | 0.710 | 0.784 | 0.782 0.822 0.768
S A A7) A = () 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(5F) Q1S 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
(F) 3 E 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
Lol A BEA (F) 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
G BEA(F) 1.000 | 1.000 | 1.000 | 1.000 | 1.000 1.000
Aol E] sko] & (F) 1.000 | 0.639 | 0.858 | 0.802 | 1.000 | 0.860
3 it 0.933 | 0.914 | 0.871 | 0.875 | 0.899 0.898
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<E 5-4> ARTZFA 7199 d=E fREEA

CCR/BCC
DMU
20114 20124 20134 20144 20154
() el ojml v o] 1.000 1.000 1.000 0.846 1.000
(F) dlelF a2 1.000 1.000 1.000 1.000 1.000
Aol €l ah-e] &l () 0.810 0.497 0.996 0.973 0.924
() d2xg) makd 0.981 0.948 0.984 0.638 0.916
() digke] A 1.000 1.000 1.000 0.536 1.000
(F) ellef s & 0.901 0.983 0.967 0.276 0.850
o Aol HEEME (F) 1.000 1.000 0.868 0.925 0.891
=gl 0.975 1.000 1.000 1.000 0.993
N AT H A (F) 1.000 1.000 1.000 1.000 1.000
AlFd e () 1.000 0.927 0.984 0.937 0.981
(F) Alo] A4 0.987 0.993 0.996 0.791 0.999
=97 A = (F) 1.000 1.000 1.000 1.000 1.000
(CREIEAIS 1.000 1.000 1.000 1.000 1.000
(F) T E 1.000 1.000 1.000 0.791 1.000
ol A B FA(F) 1.000 1.000 1.000 1.000 1.000
S HAEA () 0.893 0.949 1.000 1.000 1.000
Aol g sto] &l () 0.671 0.995 1.000 0.988 1.000
Ty 0.956 0.957 0.988 0.873 0.978
-0 -
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o= ]

2. TR BA £4

B el ma&dol dAst Aol e Aol vlaeide]l A4St
A gkom, &40l 100%7F obd DMUS A5 Hla&Ao]l EAS
olgf gt Hlm & sl FolF7t =2 FlHAE TET F o, o
= DMUZ}F qfRef thigh FAaa4

H7F DMUZE 1 2ol tigt FAaeds 246817 A e 71<8

ollA =E8 FH ) gkE ol &shH, o] #h(N) gk vlathide] ¥+
DMU Aol disf AAitEo] vewn, ol FvWags EF &3 s
ol &3l FAre a&AS des. F() ke Fol 1(zh ;=D B+
+ TrES vlgEAdo] SAskA] ¢gom, Farel g8l dAT VgL
2 CRS(Constant Returns to Scale)® 7ottt &h(\) ke Fol 1
Hoh & A5 (N ypE PR va&do]l EAsta el gk 59

O_L:
1o
B
£
i
o
o
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72?1 DRS(Decreasing Return to Scale), &th(\) kel gto] 1H.TE 2F
& BT (N <DE TR vlggdo] SAeta Rl dE FoSrtE
IRS (Increasing Return to Scale) 2 7 23stt}, DRSQ EAS Ad 7]

= 284 NS g8 A= #FarF desk, IRSe SA4E A
d 7gdE2 Tl vlal AbzEo] AA STl vlag&Adol EAskE 7149
ojlER FRINTEE S7MAA V9 AES v S v

AHEFA 71Fe e AA FA4E 3R 5-5>¢ A skt 24 7]
HQ1 2011958 201597kx]o), FFEe] Fojo] Hadhi= 54 (DRS)
& Ad 7192 CAaAClHREEME(F)” o]n, f“dAdolHrEmE
(F)7 = E7F & 7Idde s Bk v gide] He oE JEE
A 71gel vl AFERl wiEd @]seelelo] AuiH o vas ou|d
th e wral,  (F)gzxEERdT o CGF)oloua” | AlTEEE
F)7, (DA EILFE & R Foo] FUtete SAURS) =
A= 7Ide s v thdo] HE tE dREA 7l vla A=l v
I Frleolole] AdA g oo 2| g
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<% 5-5> ARFZA 7199 dxE f29 FA ¥4

DMU 2011 2012 2013 2014 2015
(F°) el of v o] CRS CRS CRS IRS CRS
(F) o] Fa24 CRS CRS CRS CRS CRS
Aol 39 €l () IRS IRS IRS IRS DRS
() 2 g makd DRS DRS IRS IRS IRS
() i gke] A CRS CRS CRS IRS CRS
() ollof =i 2~ DRS DRS IRS IRS IRS
ofaAlolHEEWME(F) | CRS CRS DRS DRS DRS
eI IRS CRS CRS CRS IRS
o aAlol A A (F) CRS CRS CRS CRS CRS
Alsd (5 CRS IRS IRS IRS IRS
(F) Aol A DRS DRS IRS IRS IRS
T AR A= (F) CRS CRS CRS CRS CRS
GRIEATE CRS CRS CRS CRS CRS
(F) e CRS CRS CRS IRS CRS
o) A HEAL(F) CRS CRS CRS CRS CRS
S HBA(F) IRS IRS CRS CRS CRS
Aol etol €l (F) IRS DRS IRS IRS CRS
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3. 71954 mE &EA Ao

¥ 5-6>9 <F 5-7>, <& 5-8>2 A AU 71AS AR,
A=, 7GR, 719 R (@22 FEete] 7 I5E Huasds B4
Aolty, #AAY A7 Faaso] v Ide] Faasdn
o o=A vgtor, g A% 209 wwe] VA5 HAFa S ¥
A vrebstth =3 71t Re] s sAavI9e] 9 ES Baasd s
=T

Eok Ao, Ay, 719 EQ), IR @ dE AR FAE
7] 9l <I¥ 5-2>~<1¥ 5-5>% HA/|Ea s, <I1¥ 5-6>~
K19 5-9>F% H ¢Vsas, <19 5-10>~<1¢ 5-13>2 &
o ZEAS AANSATE Zlsa sl gt FACA 7 rEE 2014
dnk 7ol Sa7198H VsadAol 555 ¢ T AT V=
gEA sk FAelA 7t A% 20119, 20129 ti7Ide &
Aol Frhrh 20134 o] %= FAVIYo] T qfRe] a&Ael digh
FAllA 719t R 20146ERE 71l TAZIYEY Vea sl =
= & T UG

a4 -
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<E 5-6> 7|5 W& FAaEA: 7Ea884
T2 2011d | 20129 | 20139 | 20149 | 20154 A
A H) A 0.874 0.876 0.843 0.712 0.858 0.833
[e o)
o1 AR
3+ 0.912 0.873 0.881 0.821 0.903 0.878
20dm % | 0.927 0.939 0.917 0.797 0.923 0.900
e
2001 | 0.843 0.783 0.780 0.716 0.817 0.788
e 714 0.881 0.825 0.792 0.782 0.827 0.821
TR | -
=279 | 0.900 0.910 0.908 0.751 0.916 0.877
¢ th71 0.887 0.864 0.838 0.830 0.861 0.856
T+E@ | -
=2719 | 0.898 0.887 0.885 0.689 0.899 0.852
=37 0.892 0.875 0.860 0.764 0.879 0.854
-1 HE(D)E 10~199F7HA] 4719, 200801 F e T7I9e 2 &5
- 7R HEQ)s ZAETA A 7]ARE B
0.95
L ™9

Collection @ kmou

201143

201214

——

201344

201443

--= 4

201543

L —
-
- T e

x
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<19 5-3> g B2 drd V&5 84
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<18 5-4> 7147 REd & dxd V&5 84
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- —

20114

<19 5-5> 7|19 E@2) A &

20124

—

20134

—e— L} 7| &

20154

<E 5-7> 71Fd W& FFa 8N «7s5e84

T 20114 2012+ 20134 2014 20154 A
JR H] A 0.903 0.938 0.861 0.878 0.894 0.895
[ele)
oj 3
s 0.968 0.887 0.882 0.872 0.904 0.902
20 v qk 0.938 0.944 0.933 0.950 0.951 0.943
SE
20 o] Ak 0.927 0.871 0.781 0.768 0.824 0.834
719 714 0.964 0.912 0.812 0.799 0.849 0.867
TR |
42714 0.912 0.915 0.912 0.928 0.933 0.920
719 714 0.954 0.932 0.854 0.844 0.880 0.892
TR |
42714 0.911 0.894 0.890 0.911 0.920 0.905
A 0.933 0.914 0.871 0.875 0.899 0.898
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095
0.9
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0.7
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0.95
09
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20114 201213 20133 201414 201544 = 1

*[H:"IE -y — %i?lﬂ

<I1¥ 5-9 7|47 E2 Q) wE Axd V|88

_49_

Collection @ kmou



<¥ 5-8> 7|F° wE HA5 & R8N
T 2011 | 2012 | 20139d | 20149 | 20154 A
o H] 2 0.963 0.936 0.979 0.799 0.953 0.926
[e e}
o] -
3 0.944 0.983 0.998 0.938 0.998 0.972
20dm]9 | 0.986 0.993 0.982 0.817 0.965 0.948
A
20dolA | 0.909 0.909 0.997 0.934 0.986 0.947
71 0.911 0.910 0.978 0.975 0.971 0.949
7141
TE(D)
=279 0.984 0.992 0.995 0.788 0.976 0.947
19 71 0.928 0.930 0.983 0.980 0.977 0.959
TE(2)
=279 0.984 0.991 0.993 0.735 0.971 0.935
3 0.954 0.958 0.988 0.865 0.974 0.948
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ulS A S
=
-

Malmquist AAH A 45 AFE3HtF. Malmquist A A<= (Malmquist
productivity index, MPD) 7} 1XHt} I F A& Afolof] WA o] =7}
g 1S, 1R Zow Aibdol st ias ovdth. Malmquist At
A A4 (Malmquist productivity index, MPD)+ THA] 7|&=a 842 W
3} (technical  efficiency  change index, TECD$% 7]&=3H
(technological change index, TCD) Z& &g 4 JoH, ol = &

o

1R s,
7} vkt ol% gt

ke

5-9>% 2011~20124 7]zFel] dgk Malmquist 43 A& =
gek Zolw, 37) 719S Alstn BF 1o o YEhgon, o&
2011del wlaf 20129 m&Al Skttt AS ondnt Felof
ntjo], Eofojsl A 2.0014 02 2011de Hla]l 20129 &4
100%°17% F7vetlvkal & & St
<E 5-10>E 2012~2013d 717kl tidt Malmquist AR A 55
S Zolm, 47) 719& Afdetan BEF 1ol yEston, o=
2ol vl3] 2013de] &gl Frtetlvkes As vttt AT
dZEE 0.6752 201299 Bls) 201399 &40 32.5% HAEA
ki & 4 Utk
<X 5-11>% 2013~20143 7]3te] gt Malmquist ABAHd A&
g Zolw, 17 719S ALstas BF lvjgo R yelgon, o

\)
(@)
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+ 2013de) w3 20142 g&40] At S on|sith 9
AAOIHZEME(F)2] H$ Malmquist AAHI A S=3ke] 1.035%
2013l vl&l] 2014de] a&7d¢°] 3.56% S7lskdctal & 4= Qlth

<E 5-12>F 2014~20159 717kl gt Malmquist AR 255

ol

=43t Zolu, 27] 719LS A|LEty BT Malmquist AN A F3ko]
1o]7d e 2 2014ef vl 20159 a&Ado] F7etdthe As & F
Qlom 2013~2014d 3} ANEE A5 HolF=31 Qi

<I¥ 5-14>%= 27} 7|13E AL Ao 9 Vst Veasdd W
of FAE YEkd Zloltt. AL Ag= 2013~2014d 7|3l 7 gt
om, 2014~2015d oAl Aty g BAA A9 A9

il

1=l FAZE A ol A F7F S22 A4 Fed2 Vs
stde & 5 Stk

_54_

Collection @ kmou



<¥ 5-9> 2011~2012¥d MalmquistFAHA R 53k

DMU TECI TCI MPI
() el o] H] o] 1.000 2.805 2.805
(F) dlo]Fa24 1.000 1.148 1.148
Aol E] =9 &l () 0.822 1.294 1.064
() Qr e 2k 0.833 1.512 1.260
) diste] A 1.000 1.987 1.987
) ellof o~ 1.096 2.266 2.483
o AA|H Z LW = (F) 1.000 1.073 1.073
=R ERIE) 1.227 1.076 1.320
o AAo A A (F) 1.000 1.376 1.376
A E (F) 0.691 1.229 0.849
) Alel 0.964 1.617 1.558
A A7 A = (F) 1.000 1.244 1.244
(&) qlEnkel 1.000 1.670 1.670
(FE 1.000 1.872 1.872
Lol A BBl (5 1.000 1.187 1.187
ST (F 1.063 1.166 1.240
Al o] ] sto] &l (F) 0.949 1.025 0.972
7|5k 1t 0.972 1.440 1.400
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<¥ 5-10> 2012~2013d MalmquistFAHA A3t

DMU TECI TCI MPI
(F°) el ojml v o] 1.000 1.575 1.575
(F) dlo]Fa24 1.000 1.134 1.134
Al o] E] 79 & () 0.833 1.181 0.983
() Qr e 2k 1.221 1.176 1.436
) diste] A 1.000 1.456 1.456
) ellof o~ 0.701 1.464 1.026
o AA|H Z LW = (F) 0.868 1.099 0.954
=R ERIE) 1.000 1.002 1.002
o AAo A A (F) 1.000 1.292 1.292
AFdE (5 0.587 51 0.675
(F) Aol A 1.108 1.101 1.220
S A 772 = (59) 1.000 0.952 0.952
(&) qlEnkel 1.000 1.300 1.300
(FE 1.000 1.147 1.147
o)A BHEA(F 1.000 1.119 1.119
ST (F 1.054 1.092 1.151
Al o] ] sto] &l (F) 1.349 0.834 1.125
7|5k 1t 0.968 1.167 1.129
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<¥ 5-11> 2013~20143d MalmquistFAH4 A3t

DMU TECI TCI MPI
() el o] H] o] 0.846 0.192 0.162
(F delFaz7 1.000 0.172 0.172
Ao E] 39 & (F) 0.932 0.371 0.346
() Qr e 2k 0.697 0.305 0.212
) diste] A 0.536 0.085 0.046
(F) ellof sl 0.343 0.267 0.092
o AA|H Z LW = (F) 1.065 0.971 1.035
=R ERIE) 1.000 0.987 0.987
o AAo A A (F) 1.000 0.571 0.571
A E (F) 0.911 0.477 0.434
) Alel 0.792 0.258 0.205
S A 772 = (59) 1.000 0.404 0.404
(&) qlEnkel 1.000 0.106 0.106
(FE 0.791 0.221 0.175
Lol A BBl (5 1.000 0.540 0.540
FTH RN (F 1.000 0.563 0.563
Aol sl &l () 0.923 0.456 0.421
ki Eis 0.845 0.333 0.281
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<¥ 5-12> 2014~20153@ MalmquistFAH A3t

DMU TECI TCI MPI
() el o] T o] 1.183 2.696 3.188
(F delFaz% 1.000 2.963 2.963
Ao E] 39 & (F) 1.287 0.931 1.198
() Qr 2wkl 1.567 1.822 2.855
) diste] A 1.866 5.263 9.822
(F) ollof =i 2~ 2.896 1.771 5.127
o AA|HZEW = (F) 0.964 1.034 0.996
eI 0.966 1.263 1.220
o AAo A= A (F) 1.000 1.381 1.381
A F (F) 1.084 1.058 1.147
) Aol 1.328 2.286 3.036
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