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Operational Efficiency Analysis of Nursing Homes and
Institutions in Taiwan—Data Envelopment Analysis
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Abstract

The purpose of this study is to evaluate
efficiency of charted nursing homes and
institutions in Taiwan. During the past
decades, demand for nursing homes and
institutions of elderly people has been
increasing due to several reasons including
evolutions of social economics, changes of
family structures, prolongation of average
lives, increasing proportions of elderly
population, and deficiency of general social
welfare programs. For these reasons,



government's annual budget allocated to
nursing homes and institutions has been
increasing for the past several years. All of
these facts show that the government has
already paid special attentions to the relevant
problems of operations and developments of
nursing homes and institutions. According
to the current survey, about sixty percent of
the charted nursing homes' and institutions'
major financial sources are from public
budgets and government's grants-in-aid.
Hence, this shows that the government plays
an important role in facilitating financial
supports of charted nursing homes and
institutions. Thus, whether or not nursing

homes and institutions are operated
efficiently is an important issue worth
emphasizing and discussing. Efficiency is

defined as either the institution in question is
operated at the minimum cost point of input
combination given fixed output, or the
maximum output combination given fixed
cost.

According to the 70 charted nursing
homes and institutions in 1996, questionnaire
survey is conducted to the manager of each
nursing and institution.  After considering
the DEA input and output specifications, 55
valid sample are obtained. The input
variables include: (1) number of doctors and
nurses; (2) number of social workers; (3)
number of administrators; (4) number of
monitoring employees; (5) number of
ambulances and transportation vehicles; (6)
number of beds. The output variables
include: (1) actual number of inpatients; (2)
full, half, and none self-caring inpatients; (3)
occupancy rates; (4) average number of
servicing; (5) frequency of accidents. In
order to perform DEA sensitivity analysis,
the 6 inputs and 5 outputs are recombined to
form 12 different input-output combinations.
Empirical results shows that there are 18
homes and institutions evaluated efficient
among 55 valid sample using actual number
of inpatients as the output measure.
However, there are 27 homes and institutions
evaluated efficient among 52 valid sample
using full, half, and none self-caring
inpatients as the output measure. Hence,

DEA model is sensitive to the input and
output  specifications. Nonparametric
analysis shows that the scale and type of
service of nursing home and institution
significantly affect relative efficient score of
each home and institution with the degree of
influence of the former is greater. Finally,
the Censored Tobit analysis shows that, at the
1% level of significance, occupancy rate is
positively related to each home and
institution's operational efficiency among all
input-output specifications. In addition, at
the 5% level of significance, those
institutions  with province-supervised,
publicly owned, and medium scale are
evaluated to have lower relative efficient
scores. Further direction of research may
consider different quality variables and use
panel data to objectively evaluate operational
efficiency and productivity changes of
nursing homes and institutions.

Keywords : Nursing Homes and Institutions,
Data Envelopment Analysis, Relative
Efficiency Scores, Inputs, Outputs,
Sensitivity Analysis, Nonparametric
Analysis, Censored Tobit Analysis
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ID COM1A | COM1B |COMI1C |COM2A | COM2B | COM2C | COM3A | COM3B | COM3C | COM4A | COM4B | COMA4C
001 0.9560 | 0.9531 | 0.9321 | 1.0000 | 1.0000 | 1.0000 | 0.9453 | 0.9425 | 0.9119 | 1.0000 | 1.0000 | 1.0000
002 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9907 | 0.9886 | 0.9710 | 1.0000 | 1.0000 | 1.0000
003 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.8559 | 0.8552 | 0.8478 | 0.8881 | 0.8897 | 0.8876
004 0.4778 | 0.4778 | 0.4892 | 0.9806 | 0.9804 | 1.0000 | 0.4661 | 0.4660 | 0.4771 | 0.8987 | 0.8985 | 0.9191
005 0.9246 | 0.9241 | 0.9194 - - - 0.9218 | 0.9217 | 0.9182 - - -

006 0.6402 | 0.6399 | 0.6348 | 0.6941 | 0.6940 | 0.6949 | 0.6374 | 0.6362 | 0.6264 | 0.6428 | 0.6415 | 0.6326
007 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
008 0.8397 | 0.8390 | 0.8316 | 0.8350 | 0.8344 | 0.8282 | 0.8363 | 0.8362 | 0.8307 | 0.8346 | 0.8343 | 0.8282
009 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
010 0.9380 | 0.9378 | 0.9323 | 1.0000 | 1.0000 | 1.0000 | 0.9285 | 0.9279 | 0.9196 | 1.0000 | 1.0000 | 1.0000
011 0.7593 | 0.7591 | 0.7577 | 0.8684 | 0.8681 | 0.8656 | 0.6770 | 0.6769 | 0.6760 | 0.7691 | 0.7690 | 0.7683
012 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
013 0.7552 | 0.7552 | 0.8023 | 0.9103 | 0.9102 | 0.9081 | 0.7552 | 0.7552 | 0.8023 | 0.9103 | 0.9102 | 0.9081
014 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9382 | 1.0000 | 0.9553 | 1.0000 | 1.0000 | 1.0000
015 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9852 | 0.9851 | 0.9811 | 1.0000 | 1.0000 | 1.0000
016 0.8648 | 1.0000 | 1.0000 | 0.9801 | 1.0000 | 1.0000 | 0.8631 | 1.0000 | 1.0000 | 0.9108 | 1.0000 | 1.0000
017 0.6974 | 0.7085 | 0.7156 | 1.0000 | 1.0000 | 1.0000 | 0.6889 | 0.6888 | 0.6868 | 1.0000 | 1.0000 | 1.0000
018 0.2991 | 0.3532 | 0.6728 | 0.3040 | 0.3592 | 0.6761 | 0.2883 | 0.3411 | 0.6618 | 0.2947 | 0.3452 | 0.6670
019 0.8668 | 0.8671 | 0.8654 | 0.9960 | 1.0000 | 1.0000 | 0.8659 | 0.8671 | 0.8654 | 0.9960 | 1.0000 | 1.0000
020 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
021 0.6892 | 0.6891 | 0.6863 | 0.9762 | 0.9927 | 0.9754 | 0.6881 | 0.6886 | 0.6861 | 0.9762 | 0.9927 | 0.9754
022 0.8435 | 0.8433 | 0.8411 | 0.9164 | 0.9162 | 0.9105 | 0.8391 | 0.8387 | 0.8351 | 0.8556 | 0.8552 | 0.8514
023 0.1714 | 0.1713 | 0.5655 | 0.2351 | 0.2350 | 0.5655 | 0.6895 | 0.7462 | 0.4201 | 0.6895 | 0.7709 | 0.4201

10




301 TR AL AP HE A ()

ID COM1A | COM1B |COMI1C |COM2A | COM2B | COM2C | COM3A | COM3B | COM3C | COM4A | COM4B | COMA4C
024 0.2284 | 0.2370 | 0.5315 | 0.3218 | 0.3283 | 0.6134 | 0.2237 | 0.2317 | 0.5235 | 0.2816 | 0.2869 | 0.5697
025 0.9931 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9931 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
026 0.9944 | 0.9941 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9378 | 0.9371 | 0.9331 | 1.0000 | 1.0000 | 1.0000
027 0.8552 | 1.0000 | 1.0000 | 0.9522 | 1.0000 | 1.0000 | 0.8492 | 0.8500 | 0.8561 | 0.8603 | 0.9188 | 0.8978
028 0.3756 | 0.3756 | 0.4120 | 1.0000 | 1.0000 | 1.0000 | 0.3710 | 0.3709 | 0.3858 | 0.8816 | 0.8814 | 0.9228
029 0.4115 | 0.4114 | 0.4109 | 0.9006 | 0.9002 | 0.8977 | 0.3989 | 0.3988 | 0.3982 | 0.9000 | 0.8996 | 0.8969
030 0.8281 | 0.8279 | 0.8252 | 0.8816 | 0.8812 | 0.8767 | 0.8208 | 0.8201 | 0.8146 | 0.8792 | 0.8787 | 0.8729
031 0.8365 | 0.8367 | 0.8266 | 0.8999 | 0.8978 | 0.8905 | 0.8329 | 0.8314 | 0.8134 | 0.8999 | 0.8978 | 0.8905
032 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.3742 | 0.4352 | 1.0000 | 0.3744 | 0.4618 | 1.0000
033 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
034 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
035 1.0000 | 1.0000 | 1.0000 - - - 1.0000 | 1.0000 | 1.0000 - - -

036 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
037 0.8149 | 1.0000 | 1.0000 - - - 0.8299 | 1.0000 | 1.0000 - - -

038 0.7484 | 0.7483 | 0.7468 | 0.7487 | 0.7487 | 0.7472 | 0.7471 | 0.7470 | 0.7456 | 0.7487 | 0.7487 | 0.7472
039 0.7399 | 0.7391 | 0.7338 | 0.7457 | 0.7456 | 0.7443 | 0.7356 | 0.7353 | 0.7320 | 0.7453 | 0.7455 | 0.7443
040 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9725 | 0.9724 | 0.9702 | 1.0000 | 1.0000 | 1.0000
041 0.7084 | 0.7083 | 0.6928 | 0.9779 | 0.9775 | 0.9742 | 0.7052 | 0.7039 | 0.6880 | 0.9464 | 0.9457 | 0.9425
042 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.8042 | 0.8047 | 0.8046 | 0.8082 | 0.8366 | 0.8664
043 0.5262 | 0.5261 | 0.5236 | 0.5984 | 0.5983 | 0.6121 | 0.5256 | 0.5258 | 0.5236 | 0.5430 | 0.5532 | 0.6040
044 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
045 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.8726 | 0.8724 | 0.8698 | 1.0000 | 1.0000 | 1.0000
046 0.8625 | 0.8621 | 0.8573 | 1.0000 | 1.0000 | 1.0000 | 0.8159 | 0.8148 | 0.8083 | 1.0000 | 1.0000 | 1.0000

11




301 TR AL AP HE A ()

12

ID COM1A | COM1B | COM1C | COM2A | COM2B | COM2C | COM3A | COM3B | COM3C | COM4A | COM4B | COMA4C
047 0.8191 | 0.8190 | 0.8157 | 1.0000 | 1.0000 | 1.0000 | 0.8146 | 0.8144 | 0.8107 | 0.9617 | 0.9613 | 0.9586
048 0.8097 | 0.8088 | 0.8011 | 1.0000 | 1.0000 | 1.0000 | 0.7382 | 0.7364 | 0.7260 | 0.8152 | 0.8136 | 0.8052
049 0.5249 | 05329 | 0.7837 | 0.6109 | 0.8285 | 1.0000 | 0.5230 | 0.5257 | 0.6633 | 0.6037 | 0.7394 | 0.8821
050 0.8215 | 0.8212 | 0.8172 | 0.6163 | 0.7448 | 0.7716 | 0.8196 | 0.8201 | 0.8171 | 0.6163 | 0.6610 | 0.6761
051 0.9792 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.7997 | 0.8658 | 1.0000 | 1.0000 | 1.0000 | 1.0000
052 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.9895 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
053 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 0.7454 | 0.7455 | 0.7433 | 0.7493 | 0.7492 | 0.7470
054 0.3976 | 0.4143 | 0.4825 | 0.4136 | 0.4228 | 0.5063 | 0.3809 | 0.3808 | 0.4469 | 0.3825 | 0.3824 | 0.4537
055 0.6048 | 1.0000 | 1.0000 | 0.8298 | 1.0000 | 1.0000 | 0.5675 | 1.0000 | 1.0000 | 0.7227 | 1.0000 | 1.0000

4ok pde| 19 25 26 28 32 34 9 15 16 21 24 25

$ ik Adc| 55 55 55 52 52 52 55 55 55 52 52 52

2. ApHF A2 B2 ik T
COMI1A | COM1B | COM1C | COM2A | COM2B | COM2C | COM3A | COM3B | COM3C | COM4A | COM4B | COMA4C

A¥#M'| 1158 | 0381 0.814 | 0.897 0.273 0.986 1.654 | 1.541 2.715 1.906 2.815 3.746

# & % °|-0695 | -0596 | -0.709 |-0.945 |-0.842 | -1.178 | -1.155 |-1.060 |-1.301 | -1.640 | -1.510 | -1.832"

# # % '| 4931 | 85397 | 85197 | 1477 | 3579 | 2329 | 3430 | 5496 | 6.672 | 4461 | 6.177 | 5613

BHA T 4228 |10.25377| 9.80377| 3.311 6.1937 | 8.0297 | 1.408 | 5198 | 8.442" | 2.882 4.409 6.339"

i LK-W # % ZM-U # % TR A EEORES 01 T AR E KL 0.05 TR A EE S 001




3. T RAPHLAECF L RIS

COM1A COM1B COM1C COM2A COM2B COM2C COM3A COM3B COM3C COM4A COM4B COMA4C

T~ & 55 55 55 52 52 52 55 55 55 52 52 52

Tiofk 08110 0.8288  0.8529  0.8883  0.9012  0.9242 0.7827  0.8019  0.8209  0.8536  0.8706  0.8911
#F®AL 02264 02265 01792 0.1996  0.1902  0.1340  0.2086  0.2081  0.1828  0.1961  0.1850  0.1513
B+ & 1.0000 1.0000 1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000
B 01714 01713 04109 0.2351  0.2350  0.5063  0.2237  0.2317 03858  0.2816  0.2869  0.4201

Tiofk (08162 0.8158  0.8633  0.8880  0.8879  0.9379  0.8427  0.8491  0.8020  0.9252  0.9370  0.8895
#FHEAL 03155 03153 02109  0.2880  0.2880  0.1642  0.1812  0.1749  0.2241  0.1155  0.0887  0.2122
B+ & 1.0000 1.0000 1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000
B 01714 01713 04892  0.2351  0.2350  0.5655  0.4661 04660  0.4201  0.6895  0.7709  0.4201

T ¥ 18 18 18 17 17 17 18 18 18 17 17 17

Tiofk (0.8098  0.8284  0.8274 09189 09215 09212 0.7726  0.7821  0.7790  0.8533  0.8586  0.8621
#® L 01713 0.1824 0.1785  0.1251  0.1265  0.1245  0.1588  0.1678  0.1669  0.1330  0.1321  0.1264
B~ & 1.0000 1.0000 1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000  1.0000
B E 03756 03756 04120 05984  0.5983  0.6121  0.3710 03709  0.3858  0.5430  0.5532  0.6040

RAFCRY

T ¥ 29 29 29 28 28 28 29 29 29 28 28 28

Tiofk 0.8102 08325 0.8658  0.8699  0.8922  0.9226 0.7724  0.8011 0.8520 0.8359  0.8612  0.9090
#® L 02369 02321 01757 02160 0.2002  0.1367  0.2433  0.2406  0.1810  0.2398  0.2263  0.1513
B+ & 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000  1.0000 1.0000 1.0000 1.0000 1.0000
B E 0.2284 02370  0.4109  0.3040 03283  0.5063  0.2237  0.2317 03982  0.2816  0.2869  0.4537
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# 3. XHAPHE AT LTI (F)

COM1A COM1B COM1C COM2A COM2B COM2C COM3A COM3B COM3C COM4A COM4B COMA4C

15
0.7892
0.2186
1.0000
0.2991

40
0.8191
0.2314
1.0000
0.1714

25
0.8091
0.2742
1.0000
0.1714

0.9115
0.1047
1.0000
0.6974

15
0.8199
0.2072
1.0000
0.3532

40
0.8321
0.2358
1.0000
0.1713

25
0.8424
0.2721
1.0000
0.1713

0.9278
0.1038
1.0000
0.7085

15
0.8421
0.1566
1.0000
0.4825

40
0.8569
0.1887
1.0000
0.4109

25
0.8871
0.1842
1.0000
0.4825

0.9207
0.1032
1.0000
0.7156

15
0.8539
0.2202
1.0000
0.3040

37
0.9023
0.1921
1.0000
0.2351

24
0.8479
0.2590
1.0000
0.2351

0.9845
0.0349
1.0000
0.8999

15
0.8693
0.2122
1.0000
0.3592

37
0.9142
0.1821
1.0000
0.2350

24
0.8599
0.2556
1.0000
0.2350

0.9872
0.0361
1.0000
0.8978

15
0.8947
0.1532
1.0000
0.5063

37
0.9362
0.1257
1.0000
0.5655

24
0.9024
0.1672
1.0000
0.5063

0.9863
0.0387
1.0000
0.8905

15
0.7424
0.2060
1.0000
0.2883

40
0.7978
0.2101
1.0000
0.2237

25
0.7655
0.2439
1.0000
0.2237

0.8904
0.0972
1.0000
0.6889

15
0.7739
0.2013
1.0000
0.3411

40
0.8124
0.2122
1.0000
0.2317

25
0.8021
0.2408
1.0000
0.2317

0.9067
0.1041
1.0000
0.6888

15
0.7922
0.1518
1.0000
0.4469

40
0.8316
0.1938
1.0000
0.3858

25
0.8439
0.1960
1.0000
0.4201

0.9028
0.1062
1.0000
0.6868

15
0.7933
0.2156
1.0000
0.2947

37
0.8780
0.1851
1.0000
0.2816

24
0.7971
0.2462
1.0000
0.2816

0.9758
0.0436
1.0000
0.8999

15
0.8148
0.2127
1.0000
0.3452

37
0.8931
0.1705
1.0000
0.2869

24
0.8220
0.2369
1.0000
0.2869

0.9872
0.0361
1.0000
0.8978

15
0.8384
0.1628
1.0000
0.4537

37
0.9124
0.1431
1.0000
0.4201

24
0.8600
0.1873
1.0000
0.4201

0.9863
0.0387
1.0000
0.8905

14
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COM1A COM1B COM1C COM2A COM2B COM2C COM3A COM3B COM3C COM4A COM4B COMA4C

21
0.7701
0.1935
1.0000
0.3756

10
0.7985
0.2142
1.0000
0.4115

22
0.7419
0.2727
1.0000
0.1714

23
0.8824
0.1608
1.0000
0.5249

21
0.7701
0.1928
1.0000
0.3756

10
0.7981
0.2140
1.0000
0.4114

22
0.7459
0.2668
1.0000
0.1713

23
0.9214
0.1518
1.0000
0.5261

21
0.7805
0.1798
1.0000
0.4109

10
0.7941
0.2113
1.0000
0.4109

22
0.7949
0.1841
1.0000
0.4120

23
0.9338
0.1283
1.0000
0.5236

20
0.8984
0.1388
1.0000
0.6109

10
0.9728
0.0479
1.0000
0.8684

20
0.7998
0.2667
1.0000
0.2351

22
0.9305
0.1369
1.0000
0.5984

20
0.9164
0.1097
1.0000
0.6940

10
0.9726
0.0480
1.0000
0.8681

20
0.8032
0.2601
1.0000
0.2350

22
0.9579
0.1035
1.0000
0.5983

20
0.9255
0.1076
1.0000
0.6949

10
0.9738
0.0498
1.0000
0.8656

20
0.8527
0.1686
1.0000
0.5063

22
0.9667
0.0944
1.0000
0.6121

21
0.7571
0.1899
1.0000
0.3710

10
0.7737
0.2189
1.0000
0.3989

22
0.7458
0.2314
1.0000
0.2237

23
0.8219
0.1819
1.0000
0.3742

21
0.7566
0.1895
1.0000
0.3709

10
0.7728
0.2185
1.0000
0.3988

22
0.7508
0.2253
1.0000
0.2317

23
0.8633
0.1771
1.0000
0.4352

21
0.7583
0.1783
1.0000
0.3858

10
0.7657
0.2132
1.0000
0.3982

22
0.7638
0.1860
1.0000
0.3858

23
0.8994
0.1389
1.0000
0.5236

20
0.8725
0.1358
1.0000
0.6037

10
0.9329
0.0854
1.0000
0.7691

20
0.7993
0.2342
1.0000
0.2816

22
0.8669
0.1861
1.0000
0.3744

20
0.8821
0.1208
1.0000
0.6415

10
0.9326
0.0857
1.0000
0.7690

20
0.8060
0.2266
1.0000
0.2869

22
0.9010
0.1634
1.0000
0.4618

20
0.8902
0.1157
1.0000
0.6326

10
0.9332
0.0866
1.0000
0.7683

20
0.8223
0.1869
1.0000
0.4201

22
0.9344
0.1159
1.0000
0.6040
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COM1A COM1B COM1C

t & MLE tig OLS t& MLE t & OLS tii& MLE tii&
-1.2266 (-1.561) -1.7418 (-1.759) " -0.0685 (-0.085) 0.8564 (0.613) 0.5493 (0.823)  1.7262 (1.345)
0.0018 (-1.347) 0.0011 (0.656) 0.0016 (1.141) 0.0024 (1.171) 0.0008 (0.689)  0.0018 (0.990)
-0.0092 (-0.144) 0.0063 (0.077)  -0.0146 (-0.223) 0.0176 (0.192) 0.0179 (0.330)  0.0450 (0.559)
0.0122 (-2428)7  -0.1466 (-2.362) 7 -0.1007 (-1.950) " -0.0863 (-1.174)  -0.0953 (-2.229) " -0.1001 (-1.563)
0.0134 (0.220) -0.0055 (-0.071) 0.0409 (0.652) -0.0788  (-0.804) 0.0196 (0.377)  -0.0791 (-0.916)
0.0815 (1.493) 0.1542 (2.238)"  0.0968 (1.727)" 02621 (3.022)™ 0.1124 (24227 02549 (3.340) "
0.0475 (0.734) 0.0642 (0.782) 0.0507 (0.764) 0.0787 (0.851) 0.0407 (0.740)  0.0600 (0.743)
0.1647 (-1.238) 0.1255 (-0.762)  -0.1215 (-0.890) 02101 (-1.037)  -0.1288 (-1.139)  -0.1943 (-1.093)
0.2345 (-3.053)7" 02610 (-2.746) 77 -0.1774 (-2.250) 7 -0.2336 (-1.964) " -0.1184 (-1.814)" -0.1357 (-1.297)
0.5857 (1.805)" 07596 (1.845)" 0.1512 (0.454) -0.3210 (-0.557)  -0.0389 (-0.141)  -0.5928 (-1.120)
-0.0508 (-1.489) 00676 (-1.554)  -0.0118 (-0.337) 0.0394 (0.665) 0.0067 (0.231)  0.0645 (1.193)
07173 (7.618)™  0.8947 (7.23)™ 0.6746 (6982 09319 (6.370)™ 0.4856 (6.070)™ 0.6873 (5.427)"
0.6973 - - - 0.6818 - - - 0.6515 - - -
- - 1.6496 - - -1.7016 - - - 1.0465 -

COM2A COM2B com2C

tfH MLE t48 oLS tf MLE t1{H OoLs t1fg MLE t{H
0.0161 (0.017) -0.7899  (-0.505) 0.5077 (0.551) 1.6522  (0.760) 09116 (1.312) 24578 (1.162)
0.0023 (1.414) 0.0021 (0.775) 0.0018 (1.127) 0.0019 (0.627) 0.0009 (0.798)  0.0022 (0.820)
-0.0150 (-0.188) 0.0511 (0.358)  -0.0165 (-0.218) 0.0522  (0.349) 0.0155 (0.272)  0.1462 (1.016)
0.0193 (-0.322) 0.0572 (-0.602)  -0.0253 (-0.444) 20.0370 (-0.360)  -0.0226 (-0.525)  -0.0502 (-0.573)
-0.0492  (-0.689) 0.1334 (-1.094)  -0.0254 (-0.037) -0.1100 (-0.839)  -0.0356 (-0.698)  -0.0851 (-0.764)
0.0129 (0.201) 0.1169 (1.121)  -0.0263 (-0.431) 0.1004 (0.872)  -0.0066 (-0.143)  0.0587 (0.588)
0.0996 (1.261) 0.1181 (0.884) 0.0548 (0.731) 0.2317 (1.305) 0.0459 (0.811) 02174 (1.357)
0.0236 (0.149) 0.0078 (0.029)  -0.0147 (-0.098) 0.0474 (0.170) 0.0010 (0.009)  0.0586 (0.247)
0.1535 (-1.669) " 02542 (-1.622)  -0.1685 (-1.931) " -0.2206 (-1.293)  -0.1077 (-1.636)  -0.1541 (-1.045)
0.2191 (0.546) 0.4283  (0.656) 0.0622 (0.163) 204587 (-0.515)  -0.0493 (-0.172)  -0.6638 (-0.772)
0.0188 (-0.447) -0.0320 (-0463)  -0.0042 (-0.106) 0.0472 (0.522) 0.0059 (0.196)  0.0632 (0.730)
0.3857 (3.412)7 07727 (3.833)" 03481 (3.245 " 07166 (3.227)" 0.1987 (2455 " 04050 (2.141)"
04926 - - - 0.4968 0.4232 -

- -11.9447 - - -11.7712 - -9.4542

*

%
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£ 4 F R A SHPEF 714 2 TOBITA #7 ()

COMB3A COM3B COM3C
=2 # % & OlLS t{H MLE t4H oLS tfH MLE tfH oLsS tfH MLE t{H
¥ #& -0.2010 (-0.275) -0.2465 (-0.330) 1.1217 (1.472) 20182 (2.089) "  0.9837 (1.482) 20222 (2.246)"
X pERLE 00015 (1.154) 0.0014 ( 1.064) 0.0014 ( 1.052) 0.0021 ( 1.350) 00014 (1.237) 00026 (1.868)"
] % F 00579 (0977) 0.0370 (0.603) 0.0564 (0.911) 0.0353 (0.509)  -0.0409 (-0.758)  -0.0670 (-1.095)
2 R 00792 (16947  -0.0923 (-1918)" -0.0716 (-1.468) 0.0768 (-1.378)  -0.1346 (-3.169) ™" -0.1528 (-3.096)
2 # 00670 (-1.181) -0.0987 (-1.676)"  -0.0407 (-0.687) 0.1089 (-1.546)  -0.0218 (-0.423)  -0.0991 (-1.531)
% % 00803 (1.582) 0.1237 (2.338)™  0.0924 (1744  0.1608 (2.600) ™ 0.0955 (2.069)™ 0.1613 (2.931)
B % 00444 (0.740) 0.0429 (0.702) 0.0467 (0.745) 0.0739 ( 1.030) 0.0321 (0.588)  0.0564 (0.894)
£ ®oH 00892 (-0.721) -0.0510 (-0.400)  -0.0640 (-0.496) 00725 (-0477)  -0.1541 (-1.372)  -0.2052 (-1.492)
¢ B# 01021 (-1.430) -0.0899 (-1.242)  -0.0483 (-0.648) 00369 (-0424)  -0.1117 (-1.722) " -0.1109 (-1.415)
FFLRF A &% 01591 (0528 0.1507 (0.487)  -0.3351 (-1.065) 07400 (-1.860) " -0.2429 (-0.886)  -0.7106 (-1.910)"
e F A& 200098 (-0.311) -0.0083  (-0.253) 0.0354 (1.071) 00773 (1.87D)" 00295 (1.025  0.0791 (2.050) "
13 B & 06558 (74987 07249 (7.867)77 0.5846 (64017 0.6585 (6.150) 7" 04785 (6.017)7 05291 (5.620)
'g & 0.6925 - - - 0.6632 - - - 0.6690 - - -
Bk oy oE - - 208774 - - - 105461 - - - 147075 -

COM4A COM4B COoM4C
2 # % & OLS t{H MLE t48 oLS tf MLE t1{H oLsS tf MLE t{H
¥ #& 0.8602 (0.968) 0.8219 (0.708) 1.6984 (1.966) " 4.0349 (25557 13516 (1.829)°  3.0531 (2.181)
* - pERELE 00020 (1.329 0.0016 (0.775) 0.0015 ( 1.014) 0.0025 (1.169) 0.0012 (0.994)  0.0024 (1.242)
z % 00698 (0.958) 0.1003 (0.946) 0.0825 (1.164) 0.1174 (1.098)  -0.0295 (-0.486)  -0.0479 (-0.525)
3 ¥ A+ -0.0142 (-0.258) -0.0818 (-1.147)  -0.0057 (-0.107) 0.0702 (-0.989)  -0.0654 (-1.431)  -0.1370 (-2.122) "
2 2001394 (-2.133)7 202273 (-2566) 7 -0.1215 (-1.91D)7 02196 (-2.448)7  -0.0918 (-1.689) " -0.1812 (-2.198)
% % 00189 (0.322 0.0828 (' 1.058) 0.0013  (0.023) 0.0640 (0.800)  -0.0046 (-0.095)  0.0525 (0.735)
B % 00933 (1.290) 0.1186 (1.153) 0.0713 (1.014) 02552 (1.938)" 00643 (1.070) 02443 (2.033)"
X B 00767 (053D 0.1105 (0.555) 0.0547 (0.389) 0.0842 (0.437)  -0.0393 (-0.327)  -0.0466 (-0.261)
v #H -0.0297 (-0.353) -0.0493 (-0.433)  -0.0221 (-0.270) 0.0024 (0.021)  -0.1038 (-1.483)  -0.1153 (-1.081)
I F A B -0.1584 (-0.431) -0.2350 (-0.485)  -0.4496 (-1.260) 14463 (223D -02761 (-0.904)  -1.0039 (-1.746)
F R L& 00180 (0.469) 0.0312  (0.609) 0.0451 ( 1.206) 0.1453 (22057 0.0321 (1.003)  0.1067 (1.820)"
ik B F 04051 (39147 0.6677 (45457 03287 (326607 04947 (33577 02218 (2.576)™ 03407 (2.583)
'g & 0.5591 - - - 0.5316 - - - 04875 - - -
Bk Em - - 0448 - - - 02626 - - - 13800 -
x R A EEEFOREL 0.1 Tk B E KRS 0.05 TR ooa ok s 0,01
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