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A Comparative Study on the Efficiencies of the
Communication Service Industry and Other Service

Industries in Korea

Kim Ki Yong

Department of Economy and Industry
Graduate School of
Korea Maritime and Ocean University

Abstract

Since 1960, the world has witnessed a drastic transformation of Korea
from one of the poorest countries to the 13th largest economy in terms of
GDP. The Five-Year Plans of South Korea contributed to its remarkable
economic growth by strengthening the competitiveness of the domestic
manufacturing industry, including shipbuilding, automobiles, communications,

and semiconductors.
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On the one hand, in parallel with the growth of the manufacturing
sector, the demand in the telecommunications sector has continued to show
steady growth. On the other hand, the education, real estate, and food and
lodging industries currently experience excess supplies, which suppress the
competitiveness of these industries.

This study aims to provide numerical values for efficiency by analyzing
efficiency and its determinants in the domestic telecommunications service
industry and other service industries by employing the DEA method. This
research examines the construction, wholesale and retail, transportation and
warehouse, lodging and restaurant, information and communication, finance
and Insurance, real estate, professional science and technology service,
business facility management, business support and rental service, education
service, arts and sports, and leisure-related services, associations and
groups, repair and other personal services. The sample period is ten years
from 2008 to 2017.

The input variables of this study are the number of employees, assets,
and intermediate goods, and the output variables are sales and value—added.
The input and output variables are utilized to compute the efficiency
measurements for each of the service industries for ten years from 2008 to
2017.

The key results are summarized as follows.

First, concerning the technology efficiency in the sales model, the
technology efficiency value of the "wholesale retailer” was the most efficient
service industry, and the pure technology efficiency value was highest in
the "wholesale retailer”. As for the efficiency of scale, “specialized science

and technology service industry” was the most efficient service industry. By
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comparing and analyzing the technology efficiency, pure technology
efficiency, and efficiency of scale between the information and
communication industry and the rest of the service industries, the efficiency
of the information and communication industry is relatively high.

Second, with respect to the technology efficiency in the value—added
model, the “IT” industry was the most efficient service industry in terms of
both the technology efficiency value and the pure technology efficiency
values. As for the efficiency of scale, “specialized science and technology
service industry” was the most efficient service industry. By comparing and
analyzing the technology efficiency, pure technology efficiency, and
efficiency of scale between the information and communication industry and
the rest of the service industry, the efficiency of the information and
communication industry is relatively high.

Third, if the size of the service industry expands, scale efficiency levels
tend to fall. This shows that even the domestic telecommunication industry
has faced with high competition in the oligopolistic market structure.
Therefore, there is a need to improve the management structure in a way
that increases consumer satisfaction by introducing competitive elements to
the telecommunications market and by reflecting the quality—of-service
assessment of the consumers.

Fourth, the empirical results indicate that internationalization can increase
the efficiency of the service market. This finding implies that there is a
great need to open and internationalize the service market in Korea. The
internationalization of the service market is considered to be an urgent task
for Korea, given the fact that fierce competition takes place as the service

market is gradually exposed to advanced capital from overseas.
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Fifth, measures to increase competitiveness not only in the
telecommunications industry but also in other service industries are needed
to cope with new competitions with other countries. The policy implications
are that, in the case of the Korean service industries, the conditions for
mergers and acquisitions of companies need to be deregulated and that
various policy measures for globalization should be established to promote

and stimulate growth factors in these service industries.

KEY WORDS: DEA, information and telecommunication service industry,
technology efficiency, pure technology efficiency, scale efficiency, returns to

scale.
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g Arz A9t k. BA-wE7]719 20199 F-E 20233 7FA] =<
S Har -22% BRY AoRE FAHM, 2023 1199 € A= A9
shal gtk

¥ 2-6 54 2 #5717 AN L £49 29
(B9 g2 o] U, FEQES Wy Do, %)
2019~2023
2017 2018 2019 2020 2021 2022 2023 CAGR

A 464,703 | 428,002 | 401,069| 383490 | 371.643| 365,397 | 364,183 24
(-10.1) (-7.9) (-6.3) (-4.4) (-3.1 (-1.7) (-0.3)
= 22,617 17678 15737 14940 14,376 14.061| 13,942 -
(-246)| (=218 (-11.0) -5.1 (-3.8) (-2.2) (-0.8)
29 15,759 13.929| 13,062| 12565 12,220 12,022 11,935 99
(7.2)|  (-11.6) (-6.2) (-3.8) (-2.7) (-1.6) (-0.7

7] 6,858 3,749 2,675 2 376 2156 2,039 2,008 —6.9

T (O)E Adgy S4E

A2 Ak B HER . KAIT - KEA, 5292 #3714 E5 - TP, 20184
o]% KISDI A
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E 2-7T BAAMR X T7] e AW
(9 = 9, %)

2019~2023
2017 | 2018 2019 2020 | 2021 2022 2023 e
e 10.3 102 10.1 101 10.0 99 9.9 .
TERE @ | (o | <09 | co® | (00 | 8 | o5 :
B 95.7 25.4 255 5.9 26.3 26.7 27.1 s

22) | (-1.5) (0.5) (1.6) (1.6) (1.6) (1.6)

. 22 2.2 2.2 22 2.2 2.2 2.2 £
° L9 | L3 0.1 (©.9) (1.0) (LO) (1.0) '

s 38.3 30T 37.8 38.1 38.5 38.9 39.3 10
06 | (-1L4 0.D 0.9 (1.0) (1.0) (1.0) '

T (O Addn S35

Atz 714 E5F - KAIT - KEA, 2018 o] % KISDI %
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2.2 Mu2Argd e A%

Aujzsel gt Aol v vkt v= vkl " SHE (AMA)= ol
S 98 AT Eme A Ak d-date] FujHe ANtEE, W, =
oz oy saw(Rathmel)& Aol A Avis = 739 AFe= @
gt 5 (Kotler)= F@oIH, 2ol AXSA i ofd Apgto]
Aol Ae & 4 e FAE Aodstn v = 2AE
Folel Wy Mulzdtgfoldt F3 9 AsE AlEsts Yo FwH-of
A, Az 5 FEe AFE st S AL EE Ao A
Sits;

E 2-8 Au| 2o g AE Ao
oA 3]
ol S HAs) AFHAY FES s Bl THHE AT @
AMA = A uE
Rathmell | AF9IA4 Bolst 79 A%
B 4Bz A Bl S 8 AT EHE 7Rl E Aeleld UES H st
[Staizleing] = )
A g FoAdA g F4 872 F5A5E FHo
Stanton | BF 2 AFol B Mu|x Bulsh dBAA GES NEH F
el 75w A
R APH o vg FEIAY 4E Br A¥las FYT @ AY
e stef wEol A& e %%24 A
£dzor ool 2fdd AFHA G od Aze] Fohge]
Kotter AATE 4 AE 49 o WSOE B4 AES A5 B 4
E &
Berry B9, =8 FL& FPAA
P FHE 325 mr JA T o2A add Auls Tdde 4
" 3 2 7%1 oM gass, ahel FAZ SB8 FE Aol

A2 o)A, fAu~A e, | 2000. 12
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AN, MR =o) A2 mZEA] A o]0} e ko] o) AAET]

#ol 243717k W o Heh

4) An] 22l EA(service characteristics)
(http://ollie.dcced.edu/mrkt2370/Chapters/ch5/5service. htm)
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02} AH a2 #Fea JATHC. Clark, 1940)9. o] o]
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 ATHC. Clark, 1940).

pp.1-515

=

3}
5) Clark, C., 1940. The Conditions of Economic Progress. New York: Macmillian.
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2.2.3 A=Ay 8%

2 Qdl At T 5 TS vERgh 20008 ol = Wk
7F A AT7IE TR AZIEA AHlag Aol FURAE Ho AL
S7H&ol 2002 7l Addiv] 94%E 7153kt 20032 2004l &=
W7k S8 AZIEA Au2Arg el AL 7 0.9%, 0.6%= 20029
of Hla & Zom zAstdrh 200593 200610l 2003l M 2

Z o7 Frhetal ot of 3] e s AU
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X 2-9 Avjxg] 53
(9] - AdFLD)H], %)
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
A 1.8 39 32 1.6 15 2.3 29 26 1.9 2.1
T, o 2
w7 &2 g, 3.7 5.1 33 | -06 | -04 | 1.0 48 31 04 3.0
AEANA
= -04 | 5.7 38 0.8 0.1 0.4 1.8 26 0.7 15
S 2 Aud | 66| 119 | 45 1.2 1.0 1.7 1.1 2.2 16 2.1
suteAAde | -14 | 12 | -13 | -1.2 | 05 15 | 21| 23 | -19 | -19
AR EAY 0.9 1.7 5.1 3.1 2.2 20 | -05 | 25 1.6 1.4
5. BIdd 78 | 46 6.8 2.8 05 5.2 9.2 41 5.1 5.8
Rt 53 | -85 | 88 | -48 | 25 6.2 8.3 0.6 1.2 0.2
AE, sst % 1.2 05| 05 37 3.3 23 0.3 0.8 16 | 08
DA H] ) : " : " d g . ) .
AP AL A
AL A -30 | 75 5.2 35 2.1 2.5 45 15 42 0.6
AgiAs =4
S A~y 2.1 2.0 2.2 0.9 0.8 1.3 0.7 0.7 0.0 0.1
A,
ALE B AE) 2 | 104 | 88 6.7 6.7 5.2 6.3 6.3 8.1 6.6 56
A
dg AX=
2 o7ty -05 | -04 | 27 28 | -07 | -1.0 | 1.0 2.3 02 | -06
AH =Y
sl 9@ A,
2 4 7le} | 21 | 43 16 | -14 | 61 | -05 | -05 | 03 0.0 0.7
7N AX 8] 2~
g FA TR AR A EE) | k2 d TRl A
F4 0201249 o] F 2010=100 <
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Al GDP HE=< Ay e Axgo] 7HE =4 vEeEron 20164
of 26.78%% A3t Stk I a2 Eav 9 FAsEgdoe=R
10.01% = ey

¥ 2-11 29 H5GDP v+
(&4 %)
Ax
]
2013 2014 2015 2016
Az 28.23 27.49 27.09 26.78
o 2 FAEEY 1051 10.24 10 10.01
AAA A A 8.44 8.67 8.09 8.3
Faak 2 duigd 7.24 7.37 7.33 7.21
TTyA 2D 3 6.56 6.62 6.58 6.55
FERIY 5.07 5.1 5.03 5.14
LA Y] 2 5 498 4.87 494
A4 4.49 453 476 473
A 371 411 438 418
A 4 238X 3.69 3.84 3.96 4.15
AEEANY 353 353 347 345
THAY 2.12 2.12 2.09 1.93
25 Sk A 2 9 3
— 26 —
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A 37 o232 W7

3.1 DEAR Y

3.1.1 CCRE ¥

E TASL 74 DMUEC] o] ZEE 74 Holxl AgsE SAZ & 1
AYE a&doe= AT 4 vl o] DEA X3 CCR(Charnes,
Cooper and Rhodes, 1978)6)%.3 3 BCC(Banker, Charnes, and Cooper,
198Dl 7|25 Fa St

CCR E¥ <2 Farrelle] 84 2o T4 A=S g A7 &

AYHS &3] a848 2EeA . 5, CCREFE S 549 jH=e
ZFEnl &9 HUstH = ge®2 848 +A45A @ (Charnes, Cooper

and Rhodes, 1978)8).

6) Chames, A. Cooper, W.W. and Rhodes, 1978, Measuring the Efficiency of Decision

Making Units, pp.429-444.
7) Banker, R. D., 1984, Estimating Most Productive Scale Size Using Data

Envelopment Analysis, pp.35-44.
&) Chames, A. Cooper, W.W. and Rhodes, 1978, Measuring the Efficiency of Decision

Making Units, pp.429-444.
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3.1.2 BCCE ¥

Banker, Charnes and Cooper(1984)9+= CCRE3©°] JFX

)
pol

'
§48 TRl S48 RThs wHE 8] 99 BCCRY
S AA AL, BCCEE LS CCREZIA S §84S FEIESAT 47

SEEYS RS 5 Ak BCCRIY B8 % Fold 4uitw &
%

Min:9—8[2137i+ let]
.80 =0ux ; — sz/ Sy, T L,
T Zyn j — 5 Tl P, (%1-2)

1=2A,

CCR¥ BCCE vh2 7oA Ao s, CCRS FRAA 2
BV RFS M4 BCCREE #3® DMUECl dAshs A4t

7Fs33e B2 A (convex combination)S 7FA 3tk 7k DMU”F CCR

9) Banker, R. D., 1984, Estimating Most Productive Scale Size Using Data

Envelopment Analysis, pp.35-44.
10) 319, ¥S, wid, 2011, DEA A3t A de)ap 7ol vlae] A%
27} R&D Z2AEQ T84 H7te A4 9 vol %L}\u pp.33-52.
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2 BCCEFAA 19 & 7Hvd 29 2845 19 @S 7HHH
o= 7Hd AAA R AVE FEHIL S on

TR E&AS DMUS tRe weE s&4dS S48t WHolth
CCR &4+ BCC a&dox yiro] ZAitst=s Wieltt. CCR &84
o] BCC &Rt AW A jrEolA Ha&do] EAdTE e 9
nstth, o] 49 DRS(Decreasing Returns to Scale)”7} ZFg¥thar st}
CCR ®&Aco] BCC &AM LAt dA FRoA BlEE&Edo] &4

3R] FEtheE AL ou|dlt) o] 49 CRS(Constant Returns to Scale)
7F Zrg¥tia stk vk CCR &84lo] BCC E84XT How A

TFERAA &l o FUHATGE AL gu|stt o] A FEFY
IRS(Increasing Returns to Scale)7} #-&¥tial 3k},
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¥ 4-3 BERFALAT AU X AP TleREA

M
1%
=)
i
2

DMU | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | A

DMUI | 0.890 | 0.883 | 0.853 | 0.876 | 0.880 | 0.863 | 0.902 | 0.878 | 0.945 | 0.982 | 0.895

DMU2Z | 1.000 | 0.985 | 0.990 | 1.000 | 0.992 | 1.000 | 0.999 | 0.984 | 0.969 | 0.986 | 0.990

DMU3 | 0916 | 0.791 | 0.938 | 0.886 | 0.897 | 0.881 | 0.912 | 0.915 | 0.896 | 0.935 | 0.897

DMU4 | 0.746 | 0.708 | 0.715 | 0.739 | 0.752 | 0.720 | 0.744 | 0.710 | 0.727 | 0.714 | 0.727

DMU5 | 0971 | 0.970 | 1.000 | 0.995 | 0.970 | 0.959 | 0.955 | 0.963 | 0.977 | 1.000 | 0.976

DMU6 | 1.000 | 0.987 | 1.000 | 1.000 | 0.976 | 0.955 | 0.975 | 0.950 | 0.946 | 0.985 | 0.978

DMU7 | 0.752 | 0.751 | 0.744 | 0.754 | 0.728 | 0.735 | 0.722 | 0.781 | 0.852 | 0.885 | 0.770

DMUS8 | 1.000 | 1.000 | 0.979 | 0.986 | 1.000 | 0.933 | 0.927 | 0.870 | 0.935 | 0.933 | 0.956

DMU9 | 0.901 | 1.000 | 0.853 | 1.000 | 0.921 | 0.945 | 0.997 | 0.989 | 0.971 | 1.000 | 0.958

DMU10 | 0.916 | 0.902 | 0.938 | 0.921 | 0.930 | 0.870 | 0.862 | 0.817 | 0.864 | 0.906 | 0.893

DMUI11 | 0.973 | 1.000 | 0.935 | 0.957 | 0.913 | 0.911 | 0.839 | 0.881 | 0.880 | 0.848 | 0.914

DMUI12 | 1.000 | 0.916 | 0.841 | 0.957 | 0.857 | 0.869 | 0.849 | 0.752 | 0.681 | 0.742 | 0.846

A 10922 | 0.908 | 0.899 | 0.923 | 0.901 | 0.887 | 0.890 | 0.874 | 0.887 | 0.910 | 0.900

ins
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E 44 ARFALETH Aua AP €71ei e B4 e

DMU

2008

2009

2010

2011

2012

2013

2014

2015

2017

A

DMU1

0.890

0.886

0.861

0.876

0.831

0.863

0.902

0.879

0.983

0.897

DMU2

1.000

0.985

0.990

1.000

0.996

1.000

1.000

0.990

0.984

1.000

0.995

DMU3

0.916

0.792

0.941

0.888

0.899

0.883

0.913

0.916

0.897

0.936

0.898

DMU4

0.747

0.711

0.719

0.745

0.757

0.726

0.749

0.716

0.731

0.716

0.732

DMU5

0.971

0.976

1.000

1.000
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0.964

0.959

0.963

0.992

1.000

0.980

DMUG6
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0.957

0.978

0.959
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0.768

0.768

0.758

0.766

0.737

0.741

0.730

0.791

0.863

0.896

0.782
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¥ 4-5 FRFTALH

AH 2 e TR

EeH £

1%

2

DMU

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

A

DMU1

1.000

0.996

0.990

1.000

1.000

1.000

1.000

0.999

0.999

1.000

0.998

DMU2

1.000

1.000

1.000

1.000

0.996

1.000

0.999

0.994

0.984

0.986

0.996

DMU3

1.000

0.999

0.997

0.997

0.998

0.998

1.000

1.000

1.000

1.000

0.999

DMU4

0.998

0.996

0.996

0.993

0.993

0.992

0.993

0.992

0.995

0.998

0.994

DMU5

1.000

0.994

1.000

0.995

0.999

0.995

0.996

1.000

0.985

1.000

0.996

DMUG6

1.000

1.000

1.000

1.000

0.999

0.998

0.996

0.991

0.993

0.985

0.996

DMU7

0.979

0.978

0.981

0.984

0.989

0.991

0.989

0.988

0.988

0.987

0.985

DMUS

1.000

1.000

0.999

1.000

1.000

0.999

0.999

0.998

0.999

0.999

0.999

DMU9

0.992

1.000

0.997

1.000

0.998

1.000

0.997

0.995

0.988

1.000

0.997

DMUI10

0.916

0.923

0.938

0.940

0.930

0.929

0.937

0.930

0.944

0.949

0.934

DMUI11

0.994

1.000

0.995

0.982

0.998

0.980

0.994

0.999

0.936

0.971

0.985

DMUI12

1.000

0.916

0.841

0.957

0.878

0.972

0.959
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0.934
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E 4-6 A TR SR vEo)

DMU 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
DMUL | DRS | DRS | DRS | DRS | DRS | DRS | IRS IRS IRS IRS
DMU2Z | DRS | IRS IRS | CRS | DRS | CRS | DRS | DRS | DRS | DRS
DMU3 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS IRS
DMU4 | IRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS
DMUS5 | DRS | DRS | CRS | DRS | DRS | DRS | DRS | IRS | DRS | CRS
DMU6 | CRS | IRS | CRS | CRS | DRS | DRS | DRS | DRS | DRS | DRS
DMU7 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS IRS
DMU8 | CRS | CRS | IRS | DRS | CRS | IRS IRS IRS IRS IRS
DMU9 | IRS | CRS | IRS | CRS | IRS IRS | DRS | DRS | DRS | CRS
DMU10| IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS IRS
DMU11 | IRS | CRS | IRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS
DMU12 | CRS | IRS IRS IRS IRS IRS IRS IRS IRS IRS
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E 47T ARSALATG AHl= 449 Nea &l BRI

DMU

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

A

DMU1

0.562

0.529

0.502

0.557

0.571

0.514

0.611

0.566

0.730

0.818

0.596

DMU2

0.628

0.627

0.681

0.711

0.667

0.639

0.653

0.610

0.586

0.633

0.643

DMU3

0.630

0.455

0.744

0.621

0.650

0.660

0.728

0.751

0.730

0.799

0.677

DMU4

0.481

0.406

0.408

0.441

0.468

0.423

0.473

0.428

0.460

0.452

0.444

DMU5S

0.962

0.934

1.000

0.984

0.950

0.931

0.956

0.938

0.951

1.000

0.961

DMUG6

0.825

0.874

1.000

1.000

0.865

0.761

0.823

0.706

0.712

0.864

0.843

DMU7

0.457

0.472

0.472

0.473

0.426

0.427

0.421

0.478

0.562

0.619

0.480

DMUS

0.987

1.000

0.935

0.918

1.000

0.889

0.901

0.793

0.925

0.918

0.927

DMU9

0.713

0.732

0.708

1.000

0.829

0.858

1.000

0.986

0.951

1.000

0.878

DMUI10

0.780

0.777

0.879

0.837

0.863

0.751

0.727

0.691

0.803

0.871

0.798

DMUI11

0.601

0.676

0.679

0.694

0.672

0.670

0.568

0.602

0.581

0.565

0.631

DMUI12

0.722

0.687

0.656

0.723

0.626

0.548

0.556

0.448

0.394

0.457

0.582

A

0.695

0.681

0.722

0.746

0.672

0.701

0.666

0.699

0.750

0.705
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¥ 4-8 ARFANLF AuL AP €71€i €A

Jr

7}7EA]

DMU

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

A

DMU1

0.566

0.532

0.503

0.560

0.575

0.518

0.617

0.573

0.736

0.822

0.600

DMU2

0.634

0.632

0.687

0.716

0.670

0.641

0.655

0.611

0.586

0.633

0.647

DMU3

0.640

0.467

0.754

0.631

0.659

0.667

0.734

0.757

0.737

0.805

0.685

DMU4

0.488

0.415

0.417

0.448

0.473

0.429

0.477

0.433

0.463

0.456

0.450

DMU5

0.962

0.941

1.000

1.000

0.951

0.941

0.979

0.939

0.956

1.000

0.967

DMUG6

0.827

0.876

1.000

1.000

0.867

0.765

0.825

0.707

0.714

0.951

0.853

DMU7

0.495

0.511

0.504

0.503

0.460

0.490

0.485

0.544

0.627

0.677

0.530

DMUS

0.991

1.000

0.937

0.920

1.000

0.893

0.903

0.798

0.926

0.920

0.929

DMU9

0.717

0.735

0.711

1.000

0.833

0.859

1.000

0.986

0.954

1.000

0.880

DMUI10

0.956

0.893

0.981

0.932

0.987

0.863

0.822

0.794

0.888

0.950

0.907

DMUI11

0.743

0.838

0.800

0.799

0.771

0.759

0.679

0.717

0.685

0.663

0.745

DMUI12

1.000

1.000

1.000

1.000

0.966

0.710

0.718

0.551

0.651

0.809

A

0.752

0.737

0.774

0.792

0.768

0.711

0.794

0.750
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¥ 4-9 3EFAATH Arlx Ao R 584

A5 7E7EA]

DMU

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

A

DMU1

0.993

0.994

0.998

0.993

0.994

0.991

0.991

0.987

0.992

0.995

0.993

DMU2

0.992

0.992

0.991

0.994

0.995

0.996

0.998

0.998

0.999

0.999

0.995

DMU3

0.984

0.974

0.988

0.985

0.987

0.988

0.991

0.992

0.990

0.993

0.987

DMU4

0.984

0.979

0.977

0.984

0.988

0.986

0.991

0.990

0.994

0.993

0.987

DMU5

1.000

0.992

1.000

0.984

0.999

0.990

0.977

0.999

0.995

1.000

0.994

DMUG6

0.998

0.998

1.000

1.000

0.998

0.996

0.998

0.999

0.997

0.908

0.989

DMU7

0.923

0.924

0.936

0.940

0.925

0.870

0.868

0.879

0.895

0.915

0.907

DMUS

0.996

1.000

0.998

0.998

1.000

0.996

0.997

0.994

0.999

0.998

0.998

DMU9

0.993

0.995

0.995

1.000

0.996

0.999

1.000

1.000

0.997

1.000

0.997

DMUI10

0.816

0.871

0.896

0.898

0.874

0.870

0.884

0.870

0.905

0.917

0.880

DMUI11

0.809

0.807

0.849

0.869

0.872

0.883

0.837

0.839

0.849

0.852

0.847

DMUI12

0.722

0.687

0.656

0.723

0.648

0.773

0.775

0.814

0.801

0.702

0.730

A

0.934

0.934

0.940

0.947

0.940

0.945

0.942

0.947

0.951

0.939

0.914
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E 4-10 A GFRe] FoRAl R
DMU | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
DMUI | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMU2 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMU3 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMU4 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMU5 | DRS | DRS | CRS | DRS | DRS | DRS | DRS | IRS | DRS | CRS
DMU6 | IRS | IRS | CRS | CRS | IRS | IRS | IRS | IRS | IRS | DRS
DMU7 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMUS8 | IRS | CRS | IRS | IRS | CRS | IRS | IRS | IRS | IRS | IRS
DMU9 | IRS | IRS | IRS | CRS | IRS | IRS | CRS | IRS | DRS | CRS
DMUI0 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMUI1 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS
DMUI2 | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS | IRS

AA | DRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS | DRS
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A

s As 2o, dREAde] 7lEd s Muladdd Hls 7leaed
o~
T

¥ 4-11 715 €A 42 B4 &9

Variable B SE t-value p-value

Can 2.456 0.213 11.512 0.000
In(Z1F4AGELD) -0.047 0.023 -2.088 0.040
714 A 33 <] A A 0.076 0.036 2.086 0.040
dummyl -0.049 0.021 -2.270 0.026
dummy?2 -0.057 0.021 -2.720 0.008
dummy3 -0.065 0.013 -4.931 0.000
dummy4 -0.061 0.024 -2.568 0.012
dummyb 0.179 0.073 2.461 0.016
dummy6 -0.055 0.017 -3.189 0.002
dummy?7 -0.042 0.023 -1.827 0.071
dummy8 0.054 0.043 1.264 0.210
dummy9 -0.065 0.027 -2.435 0.017
dummy10) 0.058 0.027 2.167 0.033
dummyl11 -0.124 0.029 -4.226 0.000

R2:0.814, F-value=13.670, p—value=0.000

dummyl: A4, dummy2: =4S, dummy3:&F2L 3 2], dummy4: 5922441, dummys: 382
B389 dummy6: 54+, dummy7: 3 E3 871 A 8] 28] dummySAF AL A FHE] AL R A ol o A

H 29, dummy9:$AH] 2~%], dummyl0: O%]E, ¥z 7R AR 2, dummyll: g 3] LA 2]
D7 QJIA ] 2~ 4,
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¥ 4-12 €715 €Y ¥ 24 ey
Variable B SE t-value p-value

Can 2.592 0.207 12.517 0.000
In(Z1F4AGEL<D) -0.067 0.022 -3.057 0.003
714 A 33 <] A/ A 0.098 0.035 2.763 0.007
dummyl -0.035 0.021 -1.665 0.100
dummy?2 -0.049 0.020 -2.444 0.017
dummy3 -0.062 0.013 -4.910 0.000
dummy4 -0.045 0.023 -1.961 0.053
dummyb 0.207 0.071 2.926 0.005
dummy6 -0.049 0.017 -2.946 0.004
dummy?7 -0.052 0.022 -2.336 0.022
dummy8 0.070 0.042 1.692 0.095
dummy9 -0.044 0.026 -1.697 0.094
dummy10) 0.045 0.026 1.737 0.086
dummy11 -0.096 0.028 -3.383 0.001

R2 =0.818, F-value=13.991, p-value=0.000

dummyl: 4 4, dummy2:%=
B9, dummy6:F+52Hd, dummy7: 34 F

H 2% dummy9: %48 2%, dummyl0: 0115, ¥z

ER S R PR
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¥ 4-13 75229 E&4 9F29 EH: &9

Variable B SE t-value p-value

Can 1.903 0.078 24.284 0.000
In(Z1F4AGEL<D) 0.015 0.008 1.780 0.079
714 A 33 <] A/ A -0.016 0.013 -1.191 0.237
dummyl -0.008 0.008 -1.076 0.285
dummy?2 -0.006 0.008 -0.750 0.455
dummy3 -0.002 0.005 -0.312 0.756
dummy4 -0.011 0.009 -1.272 0.207
dummyb -0.019 0.027 -0.723 0.472
dummy6 -0.008 0.006 -1.215 0.228
dummy?7 0.008 0.008 0.919 0.361
dummy8 -0.011 0.016 -0.686 0.495
dummy9 -0.024 0.010 -2.413 0.018
dummy10) 0.010 0.010 0.995 0.323
dummy11 -0.029 0.011 -2.743 0.008

R2:0.737, F-value=8.751, p—value=0.000
. O 11

dummyl: A4, dummy2: =4S, dummy3:&F2LH 2], dummy4: 592 24 4%, dummys: 582
B389 dummy6: 54+, dummy7: 3 3871 8] 28] dummySAF A1 A FHE] AL R A ol o A

H 2% dummy9: %48 2%, dummyl0: 0115, Fzxo7tA AR 2%, dummyll:E 3] LA
L ERAJAA H 2=,
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Can 3.044 0.456 6.681 0.000
InCIFAGTELL) -0.122 0.048 -2.520 0.014
714 A 33 <] A/ A 0.191 0.078 2.443 0.017
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dummy?2 -0.328 0.045 -7.343 0.000
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dummy6 -0.185 0.037 -5.032 0.000
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dummy11 -0.357 0.063 -5.705 0.000
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Can 3.366 0.482 6.977 0.000
In(Z1F4AGEL<D) -0.177 0.051 -3.457 0.001
714 A 33 <] A/ A 0.261 0.083 3.158 0.002
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dummy9 -0.087 0.060 -1.444 0.153
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£ 4-16 TR 284 ¥ A B
Variable B SE t-value p-value

Can 1.685 0.108 15.649 0.000
In(Z1F4AGEL<D) 0.055 0.011 4.795 0.000
714 A 33 <] A/ A -0.072 0.018 -3.878 0.000
dummyl -0.014 0.011 -1.330 0.187
dummy?2 0.012 0.011 1.141 0.257
dummy3 0.002 0.007 0.284 0.777
dummy4 -0.054 0.012 -4.478 0.000
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dummy11 -0.127 0.015 -8.609 0.000

R2:0.950, F-value=58.598, p-value=0.000
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