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A Study on Globalization, Improvement of Labor Quality

and Efficiency: Focusing on Cosmetics Companies

Kim, Gil-Young

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

Abstract

This study analyzed efficiency, efficiency change and efficiency determinants
of cosmetics companies in Korea from 2008 to 2017, targeting companies with
data accumulated over the past 10 years. The input variables included the
number of employees, total asset, selling and administrative expense and cost
of goods sold. The output variable was sales. Technical efficiency, pure
technical efficiency and scale efficiency were analyzed. Efficiency change was
analyzed using the Malmquist productivity index, and the determinants of
efficiency were found by applying internal and external variables of the

cosmetics companies to the one-way fixed-effect model.

The analysis results can be summarized as follows. First, overall technical

efficiency of the cosmetics companies was constantly decreasing or increasing

_Xi_
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for 10 years, with low average efficiency below 0.7. Also, dividing into the
earlier and later periods, the earlier period showed higher efficiency than the
later period. Looking at the overall trend of pure technical efficiency for 10
years, efficiency was 0.7 or above in all years except 2017. Pure technical
efficiency was relatively high in the earlier period than the later period. As for
scale efficiency, most of the cosmetics companies showed high efficiency of 0.8
or above. When efficiency was compared by classifying companies according to
the number of employees, total asset and sales, larger companies showed
higher technical efficiency and pure technical efficiency than smaller
companies. Scale efficiency of smaller companies was higher than larger
companies. For the return to scale of the Korean cosmetics companies in each
year, many large companies showed decreasing returns to scale (DRS) and

many small companies showed increasing returns to scale (IRS).

Second, looking at changes of efficiency based on MPI from 2008 to 2017,
MPI was increased from 2008 to 2015 and decreased in 2016 and 2017. Divided
into the earlier and later periods, MPI of the earlier period was higher,
indicating that efficiency was recently decreased. TCI showed the same trend
as MPI, causing increase and decrease of efficiency. When classified according
to company size, companies with larger size showed high MPI. MPI was higher

in the later period compared to the earlier period.

Third, the fixed-effect model was used to find the factors affecting efficiency.
Equity ratio, wage per capita and economic growth rate commonly affected
technical efficiency, pure technical efficiency and scale efficiency. Debt ratio,
inflation rate, unemployment rate, interest rate, export ratio of cosmetics to all
industries and rate of export increase of the cosmetics industry had a negative
(-) effect on pure technical efficiency. Capital adequacy ratio, debt ratio, wage
per capita, economic growth rate and unemployment rate only affected

technical efficiency and pure technical efficiency.

The policy implications obtained from the above discussion are as follows.

- Xil —
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First, domestic cosmetics companies are in competition with global companies
and domestic companies, so they must strive for profit through diversification
strategies such as overseas exports. In the US, the world’s largest cosmetics
market, it is essential to advance into the offline market, where K-beauty has
become more interested in the market. Korea’s cosmetics exports to the US
are steadily increasing. At this point, it is necessary to expand the outlook in

the US market by focusing on the US market.

Second, entrepreneurs and SMEs that do not have their own production bases
need the government’s continuous policy support for cosmetics research and
development in order to secure manufacturing competitiveness, and should shift
to the export-led industry. Therefore, it is necessary to promote the R & D

support policy at the government level until global competitiveness is achieved.

Third, cosmetics industry, which is widely applied in other industries, can not
be an exception. Therefore, if the research results are shared with the medical
sector at the national level, the cosmetics industry is highly likely to expand,

The government needs to support the fusion technology.

This study has the following limitations. First, measurement of efficiency
through DEA is a relative evaluation method that cannot accurately analyze
efficiency of companies, and there are limits in finding the alternative
variables. However, efficiency and efficiency change can differ according to
the input and output variables. For more accurate measurement of efficiency,
it needs to be complemented by qualitative evaluation methods such as

management evaluation.

Second, the cosmetics companies can be classified into manufacture and
distribution. The indirect cause of inefficiency that occurs in the distribution
process can be found by examining the differences in efficiency among them.
Companies that simply manufacture cosmetics products have relatively low

administrative expense resulting from distribution, whereas companies that also

— xiii —
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distribute cosmetics products are required to bear both manufacturing expense
and administrative expense for distribution, causing an adverse effect on

management efficiency.

Third, the targets of comparison must be expanded to joint companies and
foreign companies in addition to domestic companies. Cosmetics companies in
Korea are making great profits in the domestic market. This means that
economic contraction and decreased consumption of consumers can have a
huge impact on profits, inevitably causing decrease of efficiency. Accordingly,
cosmetics companies need to diversity the sources of profit by attracting both

domestic and overseas consumers.

KEY WORDS: Cosmetics Companies, DEA, Malmquist product index, IRS,
CRS, DRS
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A-frobd B4E AF 6699, F-fobd FE, Uz Y, G -Folg 29
169902 eyt
CE 2-13> G- Fob&(T ool Y) AFF AR Aol
(e - A5, %)
?jE 2016Lﬂ %71:}_%
= 20124 2013 20143 20154
T e | sag | 12716
o]. 8 0 =
:—Ola e 3,754 3,183 3,471 3,393 3,812 12.3 04
oo A
ki ‘;}% AAAS 693 624 739 1,087 1,528 40.5 21.8
| A =
o]. 98 0 2 Q
< ;T Fe 558 529 346 676 638 664 4.2 59
Al &
o] .90 AE3E
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A= 2012 20134 20144 20154 2010 sHE
- - 1- 1=
%‘%Hé = = = 4 Kg}\\_}%o—ﬂ %71:}_% (12'\'16)
Yl dEZe A,
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g Ze Al v Lol
g g 570 792 696 600 593 -1.1 1.0
BaE 201 279 304 350 409 16.9 194
Hlo| A5 E
ST 2L 127 150 170 193 203 55 12.4
vd ag-24.
;L °f 1,008 346 89 112 89 -20.7 -454
"l o AN E

1;;“] SUEE 194 246 222 1,187 351 -70.4 16.0
A =
A 5,076 6,413 5,832 7,385 5,607 -24.1 25
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Elyton, Ao vl 65% 43 AR UET
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o 59
oA R
FE Fae e 2he
20024 123 54.2 520 37.3 -397
20034 150 219 499 -4.2 -348
2004 219 454 485 =27 -266
200591 286 30.6 530 9.2 244
20061 304 6.5 601 134 =297
20074 348 14.3 652 8.4 -304
2008 371 6.6 719 104 -348
20094 416 12.1 702 -24 -286
20104 596 435 851 21.2 -254
20114 804 34.8 988 16.2 -184
20124 990 23.1 1,260 275 =270
20134 1,242 255 1,295 2.7 -52
2014 1,894 5129 1,410 89 483
20159 2,930 54.7 1,421 0.7 1,509
20164 4,193 43.1 1,459 2.7 2,734

g oJFES4EY ¥, Facts & Survey Report, 2 A=
St R Y BAXSY FYE5A, SR AL0GISd A7t

o

Collection @ kmou



d 37‘141 X}%E = 80.9%% 7} gtk o] 3 & =230 201649 A
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TUWAFE(%)=(AA -2/ 2-72+5-%) X100

28 ﬂ]fﬁﬁ} J%@ﬁl gE A s, 4 9=

4 ¥ 3], Facts & Survey Report, 2005-2011
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o, olojA EFF(129 45127 2=, v=(3< 50375 =), <21 83147t
22), 19 36369 E8) 5 o2 FETE AT

(e - g 2, %)

9 =7+ 20124 20134 2014 20159 20164 SHE
1 T 221 305 59 1185 1577 33.0
2 =% 143 215 411 687 1245 81.0
3 w = 78 107 155 240 350 45.6
4 g 171 151 145 138 183 32.5
5 o vk 62 95 126 139 136 -25
6 Bl = 70 80 87 A 118 26.0
7 A= 40 41 48 65 93 42.7
8 W E 26 38 43 53 71 33.0
9 D] o] A o} 36 40 46 48 61 25.5
10 2] Ao} 18 23 37 35 48 35.0
GAA) 870 1,099 1,698 2,690 3,885 44.4
AA FE4B) 990 1,242 1,894 2,930 4,193 43.1
H| 5 (A/Bx100) 87.9 88.4 89.6 91.8 92.7 -
2020160 429 R AEow £98 Rl
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4 olgg of 52 65 65 63 70 11.3
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6 =4 39 42 43 48 54 14.0
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10 |2 13 15 17 26 24 -75
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24) Charnes, A., Cooper W., & Rodes, E., 1978, Measuring the Effiency of Decision-Making Units,

FEuropean Journal of Operational Research, 2, pp. 429-444.
25) Banker, R., Charnes A., & Cooper, W., 1984, Some Models for Estimating Technical and scale

Inefficiencies in Data Envelopment Analysis, Management Science, 30(9), pp. 1078-1092.
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27) Banker, R. D., 1984, Estimating Most Productive Scale Size Using Data Envelopment Analysis,
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d 8279 YollA 2017 15729 9oz mpd Zvlakgdon, 10d A BAEL
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() (21 9) (21 9) CE (2 )
2008 397 1792 827 785 2046
2009 411 1972 926 897 2314
2010 438 2218 1070 989 259
2011 477 2699 1242 1011 2810
2012 516 3001 1255 1094 2940
2013 505 3246 1215 1155 2977
2014 519 3657 1299 1317 3317
2015 583 4205 1442 1511 3880
2016 629 4674 1620 1764 4440
2017 634 4935 1572 1594 4060
% A 511 3240 1247 1212 3138
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CGE 52 = HREYY Veasgd B4

DMU

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

A

Ralied

DMU1

0.767

0.785

0.738

0.743

0.715

0.675

0.677

0.724

0.780

0.778

0.738

0.749

0.727

DMU2

0.605

0.546

0.522

0.533

0.583

0.594

0.653

0.741

0.766

0.784

0.633

0.558

0.708

DMU3

0.994

0.928

1.000

0.988

1.000

0.963

0.957

0.928

0.951

0.883

0.959

0.982

0.937

DMU4

0.678

0.634

0.739

0.610

0.601

0.601

0.767

0.775

0.678

0.449

0.653

0.652

0.654

DMU5

0.754

0.763

0.785

0.683

0.683

0.688

0.738

0.761

0.775

0.668

0.730

0.734

0.726

DMUG6

0.260

0.856

0.824

0.769

0.709

0.611

1.000

1.000

0.961

0.779

0.777

0.683

0.870

DMU7

0.817

0.998

0.979

0.959

1.000

0.934

0.925

0.852

0.821

0.732

0.902

0.951

0.853

DMUS

0.689

0.821

0.924

0.821

0.748

0.655

0.591

0.590

0.584

0.498

0.692

0.801

0.583

DMU9

0.877

0.639

0.631

0.670

0.522

0.565

0.598

0.608

0.602

0.619

0.633

0.668

0.598

DMUI10

0.520

0.504

0.543

0.498

0.520

0.532

0.590

0.609

0.644

0.636

0.560

0.517

0.602

DMUI11

0.925

0.873

0.868

0.782

0.839

0.721

0.687

0.681

0.656

0.618

0.765

0.857

0.673

DMUI12

0.710

0.714

0.757

0.768

0.873

0.779

0.748

0.729

0.719

0.685

0.748

0.764

0.732

DMU13

0.321

0.471

0.762

1.000

1.000

0.576

0.606

0.670

0.637

0.575

0.662

0.711

0.613

DMU14

0.924

0.959

0.897

0.939

0.928

0.826

0.798

0.916

0.733

0.660

0.858

0.929

0.786

DMUI15

0.398

0.395

0.610

0.519

0.624

0.600

0.626

0.702

0.721

0.675

0.587

0.509

0.665

DMUI16

0.555

0.616

0.646

0.559

0.545

0.537

0.561

0.532

0.552

0.549

0.565

0.584

0.546

DMU17

0.863

0.870

0.798

0.739

0.785

0.731

0.776

0.767

0.790

0.694

0.781

0.811

0.752

DMUI18

0.275

0.249

0.334

0.350

0.308

0.284

0.254

0.277

0.228

0.298

0.286

0.303

0.268

DMUI19

0.860

0.861

0.859

0.831

0.7%4

0.756

0.774

0.754

0.746

0.724

0.796

0.841

0.751

DMUZ20

0.925

0.838

0.820

0.795

0.886

0.852

1.000

0.932

0.798

0.707

0.855

0.853

0.858

DMU21

0.721

0.779

0.937

0.984

0.926

0.782

0.631

0.600

0.714

0.606

0.768

0.869

0.667

DMU22

0.745

0.798

0.834

0.786

0.814

1.000

0.324

0.446

0.417

0.420

0.658

0.795

0.522

DMU23

0.415

0.340

0.225

0.143

0.163

0.272

0.241

0.293

0.320

0.384

0.279

0.257

0.302

DMU24

0.652

0.694

0.719

0.744

0.020

0.184

0.333

0.407

0.488

0.525

0.477

0.566

0.387

A

0.677

0.705

0.739

0.717

0.691

0.655

0.661

0.679

0.670

0.623

0.682

0.706

0.657
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<E 5-3> =W FF7149

DMU

2008

2009

2010

2011

2012

2013 | 2014

2015

2016

2017

A

F7)

DMU1

0.979

1.000

0.987

1.000

0.994

0.980 | 0.967

0.979

1.000

1.000

0.989

0.992

0.985

DMU2

0.617

0.556

0.532

0.542

0.592

0.603 | 0.661

0.746

0.771

0.786

0.640

0.568

0.713

DMU3

0.995

0.930

1.000

0.996

1.000

1.000 | 1.000

0.984

1.000

0.910

0.981

0.984

0.979

DMU4

0.730

0.672

0.802

0.638

0.655

0.71910.949

0.912

0.859

0.450

0.739

0.699

0.778

DMU5

0.987

1.000

1.000

0.965

0.955

0.94410.972

1.000

1.000

0.939

0.976

0.981

0.971

DMUG6

1.000

1.000

0.967

0.907

0.826

0.731 | 1.000

1.000

0.984

0.883

0.930

0.940

0.920

DMU7

0.819

0.999

0.980

0.960

1.000

0.934|0.927

0.854

0.835

0.770

0.908

0.951

0.864

DMUS

0.693

0.848

0.925

0.821

0.749

0.655|0.610

0.636

0.613

0.515

0.706

0.807

0.606

DMU9

0.895

0.655

0.641

0.676

0.525

0.567 | 0.600

0.613

0.606

0.621

0.640

0.679

0.602

DMU10

0.522

0.505

0.546

0.498

0.528

0.561 | 0.624

0.647

0.686

0.683

0.580

0.520

0.640

DMU11

0.925

0.874

0.868

0.783

0.841

0.723 1 0.689

0.681

0.656

0.618

0.766

0.858

0.673

DMU12

0.753

0.862

0.920

0.928

1.000

0.949 | 0.937

0.970

0.917

0.907

0.914

0.893

0.936

DMU13

0.331

0.485

0.770

1.000

1.000

0.590 | 0.620

0.723

0.728

0.639

0.689

0.717

0.660

DMU14

0.934

0.967

0.905

0.945

0.931

0.828 | 0.800

0.916

0.760

0.670

0.866

0.937

0.795

DMU15

0.398

0.396

0.615

0.542

0.676

0.647|0.672

0.766

0.815

0.774

0.630

0.526

0.735

DMU16

0.565

0.649

0.691

0.577

0.563

0.559 1 0.595

0.568

0.604

0.604

0.598

0.609

0.586

DMU17

0.918

0.914

0.842

0.784

0.847

0.770 | 0.839

0.838

0.869

0.748

0.837

0.861

0.813

DMU18

0.278

0.255

0.338

0.356

0.312

0.287 | 0.257

0.280

0.231

0.300

0.289

0.308

0.271

DMU19

0.926

0.927

0.923

0.879

0.833

0.786 | 0.808

0.768

0.764

0.728

0.834

0.898

0.771

DMU20

0.928

0.839

0.822

0.796

0.886

0.853 | 1.000

0.932

0.798

0.708

0.856

0.854

0.858

DMUZ21

0.834

0.876

0.946

1.000

1.000

0.845|0.676

0.668

0.835

0.690

0.837

0.931

0.743

DMUZ22

0.921

0.955

1.000

0.969

1.000

1.000 | 1.000

1.000

0.426

0.426

0.870

0.969

0.770

DMUZ23

0.421

0.359

0.236

0.150

0.169

0.27310.242

0.295

0.323

0.385

0.285

0.267

0.304

DMU24

0.794

0.858

0.914

1.000

0.090

0.1950.346

0.421

0.503

0.537

0.566

0.731

0.400

A

0.757

0.766

0.799

0.780

0.749

0.7080.741

0.758

0.733

0.679

0.747

0.770

0.724
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<E 54 = FAF7IHY FREed 2443
DMU | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | A A | Aut7] | Fuk7)
DMU1 [0.783|0.785|0.748|0.743 | 0.719 | 0.689 |0.700 |0.739 |0.780| 0.778| 0.746 | 0.756 | 0.737
DMU2 [0.980|0.983|0.982|0.984|0.985|0.986|0.989 |0.993|0.994|0.998| 0.987 | 0.983 | 0.992
DMU3 [0.999/0.997|1.000|0.992 | 1.000 | 0.963 |0.957 |0.944|0.951|0.971| 0.977 | 0.998 | 0.957
DMU4 [0.928/0.943|0.922|0.956 | 0.918 | 0.836 |0.808 |0.849 |0.790| 0.998| 0.895 | 0.933 | 0.856
DMU5 [0.765|0.763|0.785|0.708 | 0.716 | 0.729 |0.760 |0.761 |0.775| 0.712| 0.747 | 0.747 | 0.747
DMU6 |0.260|0.856|0.852|0.847 | 0.859 | 0.835|1.000 | 1.000 |0.976|0.883| 0.837 | 0.735 | 0.939
DMU7 [0.999/0.999|1.000|1.000 | 1.000 | 1.000 |0.998 |0.997 |0.983]0.951| 0.993 | 0.999 | 0.986
DMUS [0.994|0.968|1.000|0.999 | 1.000 | 1.000 |0.969 |0.928 |0.953] 0.967| 0.978 | 0.992 | 0.963
DMU9 [0.979/0.976|0.984|0.990 | 0.994 |0.995|0.996 |0.991 |0.9930.996| 0.989 | 0.984 | 0.994
DMUI10 |0.997]0.9970.995|0.999 | 0.986 {0.948 [0.945|0.941 [0.939|0.932| 0.968 | 0.995 | 0.941
DMUI1 |1.000]0.999|0.999|0.999 | 0.998|0.998 |0.998 1.0001.000|1.000| 0.999 | 0.999 | 0.999
DMUI2 |0.942]0.8280.822|0.8280.873 | 0.822{0.7990.752 [0.78410.755| 0.820 | 0.859 | 0.782
DMUI3 |0.967]0.972{0.990 | 1.000 | 1.000{0.975|0.977 |0.926 |0.87610.901| 0.958 | 0.986 | 0.931
DMU14 |0.989]0.992|0.9910.993 | 0.996 | 0.997 0.997 | 1.000 |0.965/0.984| 0.990 | 0.992 | 0.989
DMUI5 |0.999]0.998|0.991|0.957 0.9220.9280.9320.916 |0.885|0.872| 0.940 | 0.973 | 0.906
DMUI6 |0.983]0.950|0.935|0.970|0.9690.960 | 0.94310.937(0.913/0.909| 0.947 | 0.961 | 0.932
DMUI17 |0.940|0.952|0.947|0.943|0.9270.949 0.925|0.9160.909|0.928| 0.933 | 0.942 | 0.925
DMUIS8 |0.989]0.975|0.988|0.985 | 0.9870.9880.988 0.990 | 0.986|0.992| 0.987 | 0.985 | 0.989
DMUI19 |0.929]0.928|0.930|0.945 | 0.953 | 0.9620.959 0.9820.976|0.995| 0.956 | 0.937 | 0.975
DMU20 |0.997]0.999|0.9970.999 | 1.000|0.999 | 1.000 | 1.0000.999/0.999| 0.999 | 0.998 | 0.999
DMU21 |0.864|0.890|0.991 | 0.984 | 0.926 | 0.926 |0.9330.8990.854|0.878| 0.914 | 0.931 | 0.898
DMU22 |0.810]0.835|0.834|0.811 | 0.814 | 1.000 | 0.324 | 0.446 |0.980|0.986| 0.784 | 0.821 | 0.747
DMU23 |0.987|0.946|0.957|0.957 | 0.960 | 0.995|0.9940.9930.989|0.997| 0.977 | 0.961 | 0.994
DMU24 |0.822]0.809|0.786|0.744 | 0.220 | 0.943 | 0.964 | 0.967 |0.972|0.979| 0.820 | 0.676 | 0.965
AA10.912]0.931]0.934]0.930]0.905]0.934|0.911]0.911]0.926/0.932| 0.923 | 0.923 | 0.923
— 58 —
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<E 5-5 stAE7149 8 284 vlun 4843
T8 71 & 2008|2009 | 2010|2011 | 2012|2013 12014 | 2015|2016 (2017 | A A | 2¥k] | 34l7]
Ee
_ ' 0.738]0.755|0.794(0.748(0.709/0.703|0.676|0.691 |0.692| 0.642|0.715| 0.749 | 0.681
z949 | 714
NE | 2
e 0.616|0.656|0.685/0.687|0.673]0.607|0.645|0.667|0.648|0.603|0.649| 0.663 | 0.634
e
A% | 2aa ;] o 0.742|0.736|0.761/0.725/0.653]0.659|0.633|0.645|0.641|0.605|0.680| 0.724 | 0.637
= < <
BEEAY| e | e
e 0.612|0.674|0.718/0.709/0.729/0.651 |0.688|0.712|0.699|0.640|0.683| 0.688 | 0.678
Ee
a2l ;] o 0.782|0.792|0.812/0.771|0.731]0.724/0.708|0.710|0.698|0.645|0.737| 0.777 | 0.697
=
e | g
e 0.572|0.619|0.667|0.664|0.651]0.586|0.614|0.648|0.642|0.601|0.626| 0.635 | 0.618
e
_ > 10.816]0.844(0.892(0.853]0.800(0.786/0.82210.825|0.782|0.722/0.814| 0.841 | 0.787
94| 714
NE | g
e 0.698|0.688|0.706/0.706/0.697|0.630|0.66110.691 |0.684|0.636|0.680| 0.699 | 0.660
e
| 2 ;] o 0.818]0.815|0.845(0.817(0.731]0.724/0.759|0.755|0.707|0.659|0.763| 0.805 | 0.721
/= | &
BEEAN| T | ge
e 0.696|0.717|0.752|0.743/0.767]0.692(0.723|0.761 |0.758| 0.699|0.731| 0.735 | 0.727
e
o2l ;] o 0.860|0.880/0.909/0.874/0.818/0.803/0.849/0.839|0.780|0.716/0.833| 0.868 | 0.798
=
e | g
e 0.653|0.651|0.689/0.685|0.680(0.613/0.633|0.677|0.685|0.641|0.661| 0.672 | 0.650
e
_ > 10.913]0.903]0.896/0.838/0.842/0.902(0.845|0.858|0.899|0.909|0.885| 0.888 | 0.883
z949 | 714
NE | g
e 0.912]0.959|0.973/0.973/0.968|0.966|0.976|0.965|0.953|0.955|0.960| 0.957 | 0.963
e
| 2aa ;] ] 0.915|0.913]0.909/0.904|0.857]0.922|0.866|0.884|0.925|0.939/0.903| 0.900 | 0.907
28X Ve | ge
e 0.910]0.948|0.960/0.957|0.953]0.947|0.955|0.939|0.927|0.924|0.942| 0.946 | 0.938
e
% ;] ) 0.913]0.903|0.896/0.891|0.848/0.908|0.851 |0.865|0.909|0.919/0.890| 0.890 | 0.890
=
NE | g
e 0.912]0.959|0.972/0.970/0.962|0.960|0.970/0.958|0.943|0.944|0.955| 0.955 | 0.955
— 61 —
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CGE 56> U HES FE FEA A
DMU 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
DMU1 | DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMU2 IRS IRS IRS IRS IRS IRS IRS IRS IRS IRS
DMU3 | DRS DRS CRS DRS CRS DRS DRS DRS DRS DRS
DMU4 | DRS DRS DRS DRS DRS DRS DRS DRS DRS IRS
DMU5S | DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMU6 | IRS IRS IRS IRS IRS IRS CRS CRS DRS DRS
DMU7 | IRS IRS IRS IRS CRS DRS DRS DRS DRS DRS
DMUS8 | IRS DRS IRS IRS IRS IRS DRS DRS DRS DRS
DMU9 | IRS IRS IRS IRS IRS IRS IRS IRS IRS IRS
DMUI10| IRS IRS DRS IRS DRS DRS DRS DRS DRS DRS
DMUI11| IRS IRS IRS IRS IRS IRS IRS IRS IRS IRS
DMUI12| DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMU13| IRS IRS IRS CRS CRS IRS DRS DRS DRS DRS
DMU14| IRS IRS IRS IRS IRS IRS IRS IRS DRS DRS
DMUI15| IRS IRS DRS DRS DRS DRS DRS DRS DRS DRS
DMUI16| DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMU17| DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMUI18| IRS IRS IRS IRS IRS IRS IRS IRS IRS IRS
DMU19| DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMU20| IRS IRS IRS IRS IRS IRS CRS IRS IRS IRS
DMU21| DRS DRS DRS DRS DRS DRS DRS DRS DRS DRS
DMU22| DRS DRS DRS DRS DRS CRS IRS IRS IRS IRS
DMU23| IRS IRS IRS IRS IRS IRS IRS IRS IRS IRS
DMU24| DRS DRS DRS DRS IRS IRS IRS IRS IRS IRS
e o
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5.2.3 Malmquist Productivity Index ¥4}2 3}

2008 RE 2017d7k*1 ¢ MPI #4435 Aestd, (FLCHZHD 5 F14
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<E 5-9 sPAF7149 20083~2017d &4

08709

09710

10711

11712

12713

13714

14715

15716

16717

A

Fu7)

DMU1

1.014

1.002

1.005

0.983

0.956

1.007

1.057

1.042

0.983

1.005

1.009

DMU2

0.926

0.902

0.925

1.023

1.025

1.076

1.045

1.060

1.010

0.999

1.043

DMU3

0.904

1.177

0.962

0.936

0.946

1.002

0.969

1.044

0.912

0.983

0.975

DMU4

1.012

1.048

0.967

0.978

1.024

1.288

1.049

0.897

0.752

1.002

1.002

DMU5

1.011

1.016

0.949

0.993

0.991

1.064

1.050

1.024

0.883

0.998

1.003

DMUG6

1.406

0.942

0.973

0.987

0.862

1.709

0.928

0.908

0.848

1.063

1.051

DMU7

1.234

1.026

1.032

1.068

0.904

0.959

0.909

0.935

0.926

0.999

0.927

DMUS

1.196

1.107

0.957

0.936

0.964

0.939

1.055

0.972

0.861

0.998

0.958

DMU9

0911

1.015

1.125

1.016

1.047

1.089

0.853

1.053

1.019

1.014

1.012

DMU10

0.961

0.984

0.936

1.024

1.029

1.116

1.065

1.038

0.935

1.010

1.037

DMU11

0.949

0.989

0.947

1.004

0.892

0.940

0.865

0.973

0.956

0.946

0.925

DMU12

1.065

1.037

1.001

1.081

0.933

0.982

0.970

0.907

0.951

0.992

0.949

DMU13

1.416

1.566

2.128

0.932

0.505

0.816

1.012

1.013

0.920

1.145

0.853

DMU14

1.026

0.946

1.032

0.976

0.898

0.989

1.067

0.853

0.917

0.967

0.945

DMU15

1.026

1.174

0.916

1.123

0.969

1.054

1.071

1.001

0.905

1.026

1.000

DMU16

1.038

1.038

0.972

0.996

0.980

1.029

0.927

0.992

0.994

0.996

0.984

DMU17

1.027

0.925

0.969

1.023

0.889

1.080

0.952

1.019

0.849

0.970

0.958

DMU18

1.020

1.195

1.055

0.836

0.946

0.905

1.081

0.778

1.303

1.013

1.003

DMU19

0.997

1.001

0.958

0.961

0.951

1.021

0.976

0.961

0.958

0.976

0.973

DMU20

0.963

0.970

0.961

1.086

0.966

1.143

0.893

0.802

0.867

0.961

0.934

DMUZ21

1.072

1.266

1.081

0.992

0.849

0.780

0.800

1.374

0.882

1.010

0.937

DMUZ22

0.966

1.041

0.985

1.014

17797

0.101

2.077

0.786

0.695

2.829

4.291

DMUZ23

1.077

0.588

0.905

1.094

1.603

0.932

1.225

1.069

0.977

1.052

1.161

DMU24

1.014

1.021

1.011

0.496

10.864

1.306

1.183

0.956

0.951

2.089

3.052

A

1.051

1.041

1.031

0.982

2.075

1.014

1.045

0.977

0.927

1.127

1.236
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<E 5-10> sAF719 9 20083~2017d &&4

A3

A1 TECI

08709

09710

10711

11712

12713

13714

14715

15716

16717

A

Fu7)

DMU1

1.034

0.994

0.989

0.974

0.903

1.100

0.934

1.040

1.126

1.010

1.021

DMU2

1.000

0.965

0.888

1.044

0.728

1.483

1.036

1.000

1.000

1.016

1.049

DMU3

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

DMU4

0.994

1.072

0.957

0.945

0.973

1.088

1.103

0.954

0.788

0.986

0.981

DMU5S

1.066

1.000

0.931

0.987

0.808

1.298

1.037

1.000

0.916

1.005

1.012

DMUG6

1.373

1.000

0.963

1.010

0.720

1.430

1.000

1.000

1.000

1.055

1.030

DMU7

1.135

1.000

1.000

1.000

1.000

1.000

0.963

0.920

1.011

1.003

0.979

DMUS

1.233

0.948

0.968

0.931

0.926

0.918

1.062

1.038

0.905

0.992

0.970

DMU9

1.000

1.000

1.000

1.000

0.606

1.651

1.000

1.000

1.000

1.029

1.051

DMU10

0.930

0.962

0.929

0.997

0.859

1.156

1.230

1.042

0.974

1.008

1.052

DMU11

1.000

1.000

1.000

1.000

0.807

1.182

0.840

0.968

1.032

0.981

0.966

DMU12

1.034

1.029

0.958

1.044

1.000

0.748

1.337

1.000

1.000

1.017

1.017

DMU13

1.399

1.481

1.000

1.000

1.000

0.830

1.125

1.016

0.963

1.090

0.987

DMU14

1.032

0.950

1.041

1.012

0.940

1.018

1.045

0.877

0.985

0.989

0.973

DMU15

1.143

1.164

0.892

1.085

0.973

0.979

1.237

1.008

1.009

1.054

1.041

DMU16

1.000

1.000

0.980

0.917

0.722

1.296

1.121

0.998

1.015

1.005

1.031

DMU17

1.000

1.000

0.973

0.984

1.045

1.000

1.000

1.000

1.000

1.000

1.009

DMU18

1.082

1.124

0.921

0.804

0.497

1.546

1.446

0.712

1.294

1.047

1.099

DMU19

1.023

0.934

0.947

1.003

1.042

0.937

0.978

1.030

1.122

1.002

1.022

DMU20

1.035

0.829

0.997

1.210

1.000

1.000

1.000

1.000

1.000

1.008

1.000

DMUZ21

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

DMUZ22

0.969

1.032

0.957

0.995

1.051

1.000

1.000

1.000

0.863

0.985

0.983

DMUZ23

1.093

0.575

0.838

1.009

1.013

1.329

1.426

1.092

0.976

1.039

1.167

DMU24

1.003

1.063

0.979

0.454

0.445

5.426

1.000

1.000

1.000

1.374

1.774

A

1.066

1.005

0.963

0.975

0.877

1.309

1.080

0.987

0.999

1.029

0.977

Collection @ kmou
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08709

09710

10711

11712

12713

13714

14715

15716

16717

A

Fu7)

DMU1

0.981

1.008

1.016

1.010

1.058

0.916

1.132

1.003

0.873

0.999

0.996

DMU2

0.926

0.935

1.042

0.980

1.409

0.725

1.009

1.060

1.010

1.011

1.043

DMU3

0.904

1.177

0.962

0.936

0.946

1.002

0.969

1.044

0.912

0.983

0.975

DMU4

1.018

0.977

1.010

1.035

1.053

1.184

0.951

0.941

0.955

1.014

1.017

DMU5S

0.948

1.016

1.019

1.006

1.227

0.820

1.012

1.024

0.964

1.004

1.009

DMUG6

1.024

0.942

1.011

0.978

1.198

1.195

0.928

0.908

0.848

1.003

1.015

DMU7

1.088

1.026

1.032

1.068

0.904

0.959

0.944

1.016

0.917

0.995

0.948

DMUS

0.970

1.168

0.990

1.005

1.041

1.023

0.993

0.936

0.952

1.009

0.989

DMU9

0911

1.015

1.125

1.016

1.728

0.659

0.853

1.053

1.019

1.042

1.062

DMU10

1.034

1.024

1.008

1.028

1.199

0.965

0.866

0.996

0.960

1.009

0.997

DMU11

0.949

0.989

0.947

1.004

1.105

0.795

1.030

1.005

0.926

0.972

0.972

DMU12

1.030

1.008

1.045

1.036

0.933

1.313

0.726

0.907

0.951

0.994

0.966

DMU13

1.012

1.057

2128

0.932

0.505

0.983

0.899

0.997

0.955

1.052

0.868

DMU14

0.995

0.997

0.992

0.964

0.956

0.972

1.021

0.973

0.931

0.978

0.971

DMU15

0.898

1.008

1.027

1.034

0.995

1.077

0.866

0.993

0.897

0.977

0.966

DMU16

1.038

1.038

0.992

1.086

1.357

0.794

0.827

0.994

0.979

1.012

0.990

DMU17

1.027

0.925

0.996

1.040

0.850

1.080

0.952

1.019

0.849

0.971

0.950

DMU18

0.943

1.063

1.145

1.040

1.902

0.585

0.748

1.092

1.007

1.058

1.067

DMU19

0.975

1.072

1.011

0.959

0.913

1.090

0.998

0.933

0.853

0.978

0.957

DMU20

0.930

1.170

0.963

0.898

0.966

1.143

0.893

0.802

0.867

0.959

0.934

DMUZ21

1.072

1.266

1.081

0.992

0.849

0.780

0.800

1.374

0.882

1.010

0.937

DMUZ22

0.996

1.009

1.029

1.019

16.942

0.101

2.077

0.786

0.805

2.751

4.142

DMUZ23

0.986

1.023

1.080

1.085

1.583

0.701

0.859

0.979

1.001

1.033

1.024

DMU24

1.011

0.961

1.033

1.092

24.425

0.241

1.183

0.956

0.951

3.539

5.551

A

0.986

1.036

1.070

1.010

2.752

0.879

0.981

0.991

0.928

1.181

1.371

Collection @ kmou
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<E 5-12> 347 7199 =58 a8 s vlu 24243

i

v
Sh
N
X

08709/09710|10711{11712|12713|13714|14715| 1571616717 | A A | e |3017)

1.019]1.048 1 0.975| 0.969 | 3.184 | 0.979 | 1.092 | 0.960 | 0.905 |1.237| 1.003 | 1.424

1.083|1.034 | 1.087 | 0.994 | 0.965 | 1.048 | 0.998 | 0.995 | 0.949 |1.017| 1.050 | 0.991

1.006 | 1.047 1 0.997 | 0.940 | 3.192 | 0.976 | 1.083 | 0.953 | 0.944 |1.238| 0.998 | 1.430

MPI| ° L)
1.097 | 1.034 | 1.065| 1.023 | 0.958 | 1.051 | 1.007 | 1.001 | 0.910 |1.016| 1.055 | 0.985

1.014 | 1.030 | 0.979 | 0.966 | 3.184 | 0.987 | 1.077 | 0.943 | 0.902 |1.231| 0.997 | 1.419

1.089|1.051 | 1.083 | 0.997| 0.965 | 1.040 | 1.013 | 1.011 | 0.952 |1.022| 1.055 | 0.996

1.033 | 1.024 1 0.966 | 0.950 | 0.894 | 1.421 | 1.046 | 0.993 | 0.990 |1.035| 0.993 | 1.069

1.098 | 0.986 1.0.960 | 1.000 | 0.861 | 1.197 1.114| 0.981 | 1.008 |1.023| 1.011 | 1.032

1.025(1.01810.972 | 0.923 | 0.821 | 1.544 | 1.035 | 0.968 | 1.014 |1.036| 0.985 | 1.076
TECI| °©

1.106 | 0.992 1 0.954 | 1.0271 0.934 [ 1.074 | 1.125 | 1.006 | 0.984 |1.022| 1.020 | 1.025

1.024 | 0.996 | 0.975 | 0.961 | 0.896 | 1.423 | 1.026 | 0.992 | 0.989 |1.031| 0.989 | 1.065

1.107]1.014 1 0.951 { 0.990 | 0.859 [ 1.195|1.134 | 0.982 | 1.009 |1.027| 1.015 | 1.036

0.986 | 1.024 | 1.010 | 1.024 | 4.321 | 0.858 | 1.060 | 0.967 | 0.915|1.352| 1.011 | 1.624

0.986 | 1.049 | 1.130 | 0.996 | 1.182]0.901 | 0.902 | 1.016 | 0.940 |1.011| 1.040 | 0.988

0.980 | 1.029 | 1.027 | 1.022 | 4.463 | 0.762 | 1.060 | 0.987 | 0.930 |1.362| 1.015 | 1.641
TCI| °

0.992 11.043 | 1.113 1 0.998 | 1.040 | 0.996 | 0.901 | 0.995 | 0.925 |1.001| 1.037 | 0.972

0.989 | 1.038 | 1.005 | 1.012 | 4.319| 0.863 | 1.062 | 0.951 | 0.913 |1.350| 1.011 | 1.621

0.9831.035|1.135|1.008 | 1.185| 0.895 | 0.899 | 1.032 | 0.943 |1.013] 1.040 | 0.991

z? ro| @ rlo | @ rlo| @ rlo |z rlo |z flo |z flo |z flo |z rlo |z flo | x2 rlo | x2 rlo | z2 rlo | z2 rlo | x2 rlo | x2 rlo | x2 rlo | x2 rlo

N
FN
NOSE N N WS | N ) N W | N E D NS N E D WS N H N WO | N ER O WO | N R WO | N R WO | N R

Collection @ kmou



53 =89 A} FEHFo) BE Z&A 2]

B dTM e EFE 719 SAS ol&ste] Yol ke o

q = <3
A &71de] &84S s B, 2008 FE 20174
&7 0] —?%1157]%@_5} =4

TEEA O s
A B & ZleasAol Mo 23E JIdEY AuHor A RS
H, TrRe] a4 BAH 2RVl =A YEET. =T o3 FA=

H, ol =l AF7IHe

<9 5-11> ~ <9 5-16> o= Yetyar o

24€ Eol7] 98l HATY AR =Y
e uehin Atk weA gl EE4e =07 sl w59 2
Aol $HEolof §& BelFw gtk

ol
O
]
s
A
2
ol
o
oX
=2
rlr
riu
S ©

Y

Collection @ kmou



<E 5-1» 3= 71de 542

'2E4 Aol

A T 2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

A

W28 0.72

0.72

0.76

0.72

0.69

0.68

0.68

0.70

0.69

0.64

0.70

0.68

T4 061

0.68

0.71

0.71

0.69

0.61

0.64

0.64

0.64

0.59

0.65

0.62

W18 0.78

0.80

0.84

0.81

0.76

0.75

0.80

0.82

0.77

0.71

0.78

0.80

0.77

24
4

F=AF 071

0.71

0.73

0.74

0.72

0.64

0.65

0.66

0.67

0.63

0.69

0.72

0.65

W18 0.93

0.92

0.91

0.91

0.87

0.92

0.87

0.88

0.91

0.92

0.90

0.91

0.90

F=A%0.89

0.95

0.97

0.97

0.96

0.96

0.98

0.97

0.95

0.95

0.95

0.95

0.96

A2 10.72

0.79

0.81

0.77

0.77

0.75

0.75

0.75

0.74

0.65

0.75

0.77

0.73

C. 063

0.62

0.67

0.67

0.61

0.56

0.57

0.61

0.60

0.59

0.61

0.64

0.59

454 | 0.85

0.86

0.88

0.83

0.84

0.81

0.87

0.85

0.81

0.71

0.83

0.85

0.81

e
oX, OHT

0.67

0.68

0.72

0.73

0.66

0.61

0.62

0.67

0.66

0.65

0.67

0.69

0.64

454 | 0.87

0.93

0.93

0.93

0.92

0.93

0.88

0.89

0.92

0.93

0.91

0.92

0.91

0.95

0.94

0.94

0.93

0.89

0.94

0.94

0.93

0.93

0.93

0.93

0.93

0.94

Collection @ kmou
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E
N

A TR 08709109710 10711 11712(12713(13714| 14715 (15716 [ 16717 | A A | 97]

uls==x]8F | 1.008 | 1.031 | 0.969 | 0.974 | 2.753 | 1.008 | 1.097 | 0.956 | 0.905 | 1.189 | 0.995 | 1.344
MPI

FEA | 1.124 [ 1.057 | 1.135|0.995 | 0.944 | 1.023 | 0.958 | 1.014 | 0.964 | 1.024 | 1.077 | 0.981

TE Ul5==]8F | 1.033 | 0.996 | 0.961 | 0.973| 0.891 | 1.363 | 1.075 | 0.999 | 0.980 | 1.030 | 0.991 | 1.062

CI

£ 2

FE A8 1.120 | 1.020 | 0.966 | 0.979 | 0.854 | 1.219| 1.089 | 0.968 | 1.031 |1.027 | 1.021 | 1.032

U518k 0.977 | 1.038 | 1.009 | 1.006 | 3.695 | 0.891 | 1.035 | 0.957 | 0.924 | 1.281 | 1.007 | 1.500
TCI

A8 1.001 | 1.034 | 1.172 | 1.017 | 1.180 | 0.860 | 0.890 | 1.049 | 0.934 | 1.015| 1.056 | 0.983

A4 | 1.049 | 1.036 | 0.979 | 1.005 | 2.349 | 1.024 | 1.050 | 0.982 | 0.875 | 1.150| 1.017 | 1.256

MPI
° . | 1.053]1.045 1.084 [ 0.958 [ 1.800 | 1.003 | 1.040{0.973 | 0.979 | 1.104 | 1.035 | 1.159

TE A4 | 1.044 1 0.986 | 0.970 | 1.004 | 0.935 | 1.100 | 1.036 | 0.995 | 0.974 | 1.005| 1.001 | 1.008

CL | w434
1.088 | 1.024 | 0.956 { 0.946 | 0.820 | 1.518 | 1.124 { 0.979 | 1.024 | 1.053 | 1.004 | 1.093

o, |t offt k

A4 | 1.005|1.054 | 1.010 | 1.004 | 2.367 | 0.926 | 1.018 | 0.986 | 0.899 | 1.141 | 1.018| 1.239
TCI

0.968 {1.019| 1.131 | 1.017 | 3.137 | 0.833 | 0.943 | 0.996 | 0.956 | 1.222 | 1.034 | 1.373
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<E 5-15 WF 2 7 AT 7| =TAHF
2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | &A
= AR 068 | 071 | 074 | 0.72 | 0.69 | 0.65 | 066 | 0.68 | 0.67 | 0.62 | 0.68
[e)
j T 7lEaeA 076 | 0.77 | 0.80 | 0.78 | 0.75 | 0.71 | 0.74 | 0.76 | 0.73 | 0.68 | 0.75
o TEEESA 091 | 093 093 093|091 |094 | 091|091 |093 093|092
ﬁ AHEH] & (%) 57.85|59.51 | 58.35|61.30 | 61.58 | 61.28 | 64.14 | 66.43 | 69.35 | 69.04 | 62.88
B
3}
‘7; 528 £(%) 119.42|101.94/115.53| 99.10 {103.03/105.01| 85.98 | 99.35 |147.49|262.24|123.91
o
-
| 11 F(RERl) | 29.04 | 34.69 | 37.67 | 35.95 | 33.63 | 34.12 | 38.86 | 41.35 | 42.05 | 43.34 | 37.07
2
A EE (%) 280 | 070 | 650 | 3.70 | 2.30 | 2.90 | 3.30 | 2.80 | 2.80 | 3.10 | 3.09
B E(%) 470 | 2.80 {3.00 | 400 | 220 | 1.30 | 1.30 | 0.70 | 1.00 | 1.90 | 2.29
f A AE(%) 3.00 | 340 | 3.40 | 3.00 | 3.70 | 320 3.10 | 350 | 3.60 | 3.70 | 3.36
B
3}
‘7; o] A& (%) 3.00 {200 | 250 | 330 | 2.80 | 2.50 | 2.00 | 150 | 1.30 | 1.50 | 2.24
o
Ll
- Ad=dsE(%) 490 1170 | 480 | 510 | 470 | 3.50 | 410 | 3.70 | 3.30 | 3.60 | 3.94
2
oAb H| 3A=
= ,\Etﬂl f} “1010 | 010|020 | 020 | 0.20 | 020 | 0.30 | 0.60 | 0.80 | 0.90 | 0.36
TE8&(%)
Y
= 1 e 0 22.10 | 14.60 | 80.30 | 2.90 |20.10{26.10 | 52.00 | 55.30 | 43.80 | 18.40 | 33.56
TE=S7HE(%)
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d
i

Zleded

FARAA Tt t-value p-value

=) -0.506 0.109 -4.622 0.000
log(ZH&H] &) 0.242 0.034 7.043 0.000
log (F-A9] &) 0.258 0.016 16.217 0.000
log(11 2% +) 0.105 0.011 9.572 0.000
log(A A8 4&) 0.177 0.037 4.767 0.000
log(27158) -0.124 0.026 -4.792 0.000
log(d49 &) 0.483 0.129 3.745 0.000
log(e]=+&) -0.879 0.120 -7.314 0.000
log(d5ds8) 0.190 0.055 3.452 0.001
log(AA LG AR FEF FEHS) -0.424 0.053 -7.962 0.000
log(3t4EA4Y FE5571H8) -0.102 0.018 -5.755 0.000

R* 0.141

Adj—R? 0.136

F-value 28.393

p-value 0.000
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<E 5-19 dAdIFaHARYPS o] &3 AAH R FREEH
FAA Tt t-value p-value

=) 0.768 0.058 13.224 0.000
log(ZH&-H] &) 0.037 0.018 2.038 0.042
log (F-A9] &) -0.010 0.008 -1.213 0.225
log(112 =) 0.090 0.006 15.427 0.000
log(BA1445) 0.079 0.020 4.041 0.000
log(=713¢5 %) 0.017 0.014 1.206 0.228
log(A49&) 0.041 0.068 0.604 0.546
log(°]=+&) 0.038 0.064 0.593 0.553
log(d53s5) -0.155 0.029 -5.317 0.000
log(AA LG AR 3FF FE0]S) -0.007 0.028 -0.249 0.804
log(3tdEA4Y FE571H8) -0.011 0.009 -1.203 0.229

R? 0.070

Adj—R? 0.065

F-value 13.119

p-value 0.000
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373, A=, 2015, A HEA B HHRE At AE E87 s Ao A

6 A
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