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Abstract
The objectives of this research are to propose the estimators of shrinkage parameter

and estimate the Liu logistic regression coefficient with multicollinearity problem using the
bootstrapping method. Moreover, we compare the performance of four methods for the
logistic regression coefficient estimation with multicollinearity; Liu logistic regression, Liu logistic
regression with bootstrapping method, almost unbiased Liu regression, and almost unbiased
Liu regression with bootstrapping method. A simulation study was conducted to compare the
appraise performance of four different estimation methods by mean square error (MSE). Also,

we show the performance of proposed the estimators of shrinkage parameter.

Keywords: Bootstrapping method, Liu estimator, The almost unbiased Liu estimator,

Multicollinearity
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UszanuAdudsyavsnisannesandain Tuyn 9 fussnurnsiivevieding wulddndn fuue
Fhegrawifiu 20 40 uag 80 FBmsanassanIaRnuUUEITIETSYAALATU (BLE) T MSE silan wsi
Sownadetnaviiu 200 Basannesasdainuuunaiiifiouasliiieudeswne synaunsy (BAULE)
191 MSE dinflan drumadnslunsdiimmundauiudsdassuiidu 3 uay 4 uldlufienadendu

AuTuINmILUTBasEwiiU 2 Nauynaniunisal
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A5199 1 ANPUAANALARBUNEIABIRAE (MSE) WIaTeAUANNEUNUSTEINRILUSDasEwINnU 0.85

32075 uIUFUIBasEIAY 2 IuIufUsdassviniy 3 IuIusUIdassiniu 4

veww | d, | d, | dy | 4 ] d, | dy | d | 4 ) d

n=20
LE 1.5277 1.4861 1.8777 1.8241 1.7509 2.8322 2.0635 1.9667 | 4.2888
BLE 1.4587 1.4519 1.6722 1.6813 1.6451 2.5858 1.7922 1.7375 | 3.9832
AULE 23266 | 22768 | 2.7716 | 3.0827 | 29794 | 4.6190 | 3.7923 | 3.6130 | 7.3653
BAULE 2.0096 | 2.0037 | 2.1867 | 2.6252 | 2.6076 | 4.1718 | 3.5862 | 3.5529 | 4.9862

n=40
LE 1.1949 1.1919 1.2752 1.5228 1.5186 1.7682 1.8550 1.8191 | 2.2922
BLE 1.0866 | 1.0863 | 1.2532 | 1.4939 | 1.4932 | 15682 | 1.5540 | 1.5378 | 2.2810
AULE 1.6504 | 1.6475 | 1.7259 | 2.3415 | 2.3364 | 2.6394 | 3.0054 | 3.0047 | 3.5856
BAULE 1.3590 | 1.3586 | 1.3724 | 2.0775 | 2.0748 | 2.6112 | 23646 | 2.3632 | 2.7238

n=80
LE 1.0275 | 1.0275 | 1.0413 | 1.2965 | 1.2965 | 1.3298 | 1.5788 | 1.5788 | 1.6491
BLE 0.8972 0.8970 0.9344 1.1477 1.1477 1.1486 1.3746 1.3743 | 1.4958
AULE 1.2298 | 1.2298 | 1.2376 | 1.6961 1.6961 1.7223 | 2.1696 | 2.1696 | 2.2323
BAULE 1.1195 | 1.1193 | 1.1398 | 1.2623 | 1.2623 | 1.2644 | 1.9095 | 1.9093 | 1.9955

n=200
LE 0.8141 | 0.8141 | 0.8144 | 0.9598 | 0.9598 | 0.9600 | 1.1851 1.1851 | 1.1859
BLE 0.7354 | 0.7354 | 0.7354 | 0.8493 | 0.8493 | 0.8578 | 0.9103 | 0.9103 | 1.0245
AULE 0.8623 | 0.8623 | 0.8624 | 1.0599 | 1.0599 | 1.0600 | 1.3606 | 1.3606 | 1.3610
BAULE 0.7336 0.7336 0.7336 0.7808 0.7808 0.7808 0.9985 0.9985 | 0.9995

LE = 38 sannauaelamnuuumnan
BLE = Tnmannesaedafnuuuvaimeisynaunsy
AULE = Fomsannpeaadafnuuuviaiiinevasliioudes

BAULE = TnmanneemedanuuuviaaiifieutrbileudewieiSymaussy
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A5 2 ANPNUAANALPABUANSIABRAE (MSE) WaseAuUANNEUN USRI D asEwiniy 0.95

3305 FIIUAMUIDATLYVINAY 2 | UIUAMUTDETZNNAU 3 | 1uIUdUsdasevinnu 4
Uszanal d, d, d, d, d, d, d, d, d,
n=20
LE 2.1367 1.7573 3.2354 2.3609 | 1.7624 6.3006 3.3606 2.0302 12.3205
BLE 1.6242 | 1.5416 | 2.9969 | 1.8455 | 1.6748 | 57209 | 2.8920 | 1.8766 | 9.9082

AULE 3.5009 | 29642 | 52415 | 4.4639 | 3.3242 | 11.2944 | 6.5583 4.0932 | 21.8962
BAULE 22796 | 2.1329 | 33915 | 29977 | 2.3373 | 8.71392 5.8543 4.6031 | 18.7326

n=40
LE 1.2952 1.2248 1.7986 1.6871 1.5604 3.4564 2.1259 1.8577 5.3898
BLE 1.0878 1.0844 1.5913 1.5490 | 1.5444 2.2875 1.6057 1.5481 3.3098

AULE 2.0521 | 1.9521 | 27112 | 2.8658 | 2.4976 | 5.5037 3.5271 3.1996 7.8546
BAULE 1.8153 | 1.7810 | 1.9270 | 2.7608 | 2.4932 | 5.4978 29743 2.8787 6.6342

n=80
LE 1.1095 1.0962 1.2228 1.3762 1.3724 1.8464 1.6151 1.6115 2.5785
BLE 0.9225 0.9095 0.9606 1.1493 | 1.1493 1.3949 1.5216 1.4747 2.5081

AULE 1.6130 | 1.5996 | 1.7433 | 2.2488 | 2.2431 | 29164 2.8363 | 2.8292 4.2333
BAULE 1.2867 | 1.2857 | 1.3170 | 2.0050 | 2.0005 | 2.3640 2.0386 2.0334 24719

n=200
LE 0.9575 0.9573 0.9734 1.2283 1.2283 1.2801 1.5325 1.5324 1.7028
BLE 0.7615 0.7614 0.7685 0.8593 | 0.8593 0.8838 1.2594 1.2592 1.4628

AULE 1.1958 | 1.1956 | 1.2065 | 1.7080 | 1.7080 | 1.7560 2.2519 2.2518 2.4254
BAULE 0.9127 | 0.9127 | 0.9169 | 1.1042 | 1.1042 | 1.1168 1.1528 1.1527 1.2184

LE = 38Msannetandafniluuman
BLE = Tnmannesaedafnuuuviaameisynaunsy
AULE = Fomsannpeaadafniuuviaininevasiioudes

BAULE = Tnmanneemedamnuuuviaaiifieutrlileudewine S ymaussy
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A5199 3 ANPUAANALARDUNEIABIRAE (MSE) WIDTEAUANNEUN USRI UTDaTEWINAU 0.99

325 uIUFMUIBATEAY 2 Juudlsdassivinnu 3 Iuuflsdasziviniu 4
Jsearos - P = : s = . P =

dl d2 d3 dl dZ d3 dl d2 d3
n=20

LE 7.1434 2.6073 | 135578 | 10.2585 | 29031 | 32.1549 | 16.4569 | 3.5329 | 64.0972
BLE 4.5871 1.7146 6.0089 4.9981 1.7940 | 27.7499 | 5.0320 | 2.1844 | 46.5194
AULE 12.7460 | 5.5311 | 23.9183 | 23.822 8.1201 | 61.6426 | 33.4733 | 8.7201 | 114.6395
BAULE 8.3673 3.0765 145181 | 179211 | 4.7934 | 54.9004 | 24.9987 | 53072 | 93.3313

n=40
LE 3.6756 1.7972 6.2171 3.7397 1.8613 | 13.5757 | 5.8580 | 1.9953 | 24.9862
BLE 2.7994 1.5049 3.9704 29412 1.6924 14.8504 | 2.7178 | 1.9248 | 23.8773
AULE 5.8756 | 3.4471 | 10.3189 | 7.8227 3.5896 | 24.8028 | 12.2182 | 4.3298 | 44.3420
BAULE | 4.9380 | 3.0394 7.0956 5.5144 41599 | 12.2721 | 6.4848 | 3.0403 | 41.3489

n=80
LE 1.9228 1.3688 2.6361 2.1728 1.4965 6.7670 3.2231 | 1.7548 | 12.6375
BLE 1.5706 1.2762 1.7260 1.5857 1.4587 4.1688 1.9117 | 1.5162 8.1998
AULE 3.4061 2.7743 4.9221 3.8629 2.8561 | 10.8478 | 5.2259 | 3.1899 | 20.3433
BAULE | 2.6601 2.2563 2.8754 2.8601 2.3925 5.2338 4.2954 | 2.4957 | 16.9158

n=200
LE 1.2485 1.1549 1.5060 1.3342 1.2499 2.8588 1.6955 | 1.5924 | 4.7519
BLE 0.7677 | 0.7649 0.8193 0.8104 0.8083 1.2966 1.5538 | 0.8576 3.7051
AULE 1.9987 1.8931 2.3638 2.4402 2.3056 4.9278 3.1246 | 2.9428 8.1884
BAULE | 0.8117 | 0.8068 0.8974 1.3812 1.3717 1.5926 1.7322 | 1.6393 | 5.2451

LE = I8 sannauaelamnuuumnan
BLE = Tnmannesaedafnuuuvaameisynaunsy
AULE = Fomsannpeaadafniuuviaiiinevasliioudes

BAULE = Tnmanneemedamnuuuviaaiifieutrlieudeswine S ymaussy
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Anvifugudnndunanfildlunisuseneunisdndulasauiuan MSE  iietnuszansainuessn

U5z IWasesanng 1nean1un1sainuduamesnuIuAILUSRASEWINAY 3 YUINAIBEN9
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P ' N o w = ° A a ¢ a ¢ a
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