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Abstract

The purpose of this study is to compare variable selection methods for multiple linear regression models that
have both relevant and irrelevant variables in full model when one pair of relevant variables has a high correlation
coefficient. The variables are selected by the stepwise regression method with the multiple regression coefficients
are estimated by the method of Ordinary Least Square (OLS) and Ridge Regression by Hoerl, Kennard and Baldwin,
Lawless and Wang, Nomura and Khalaf and Shukur methods. The variables are again selected and the multiple
regression coefficients are again estimated by the Tabu Search using two objective functions: mean
squared error (MSE) and mean squared error augmented by a penalty function. The criterion of com-
parison is the percentage of selecting the true model. The comparisons, using simulation data, are per-
formed with sample size 20, 60 and 100 and are repeated 500 times in each case of sample size. When
the pairwise of correlation coefficientis 0.95, 0.99 and 0.999, the percentages of selecting the true
model by Tabu Search using both objective functions are higher than those by other methods are rather stable for
all cases of sample size except in the case of Ridge Regression using Khalaf and Shukar method. When the pairwise of
correlation coefficient increases to 0.9999, the percentage of selecting the true model by Tabu Search using objective
function of mean squared error augmented by a penalty function is high and quite stable, regardless of the sample
size and correlation. Moreover, the Tabu Search using objective function of mean squared error augmented with a
penalty function does not select any of the underspecified models and the misspecified models, only select a few
overspecified models which its effects are less serious than those of the underspecified models. The percentages of
selecting the true model by Tabu Search using objective function of mean squared error and by the stepwise method
with OLS estimates and ridge estimates using all four methods are low when the sample size 20. But increase as the

sample size increases and the percentages of selecting the underspecified models are clearly decreasing.

Keywords : Variable selection, Tabu search, Stepwise regression, Ridge regression, Multicollinearity
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0.985-0.994 dmaglungy r, = 0.99 01 r,, YA10g5ENINg
0.9985-0.9994 Inaglungy r,, = 0.999 1 r,, AAegsEning
0.99985-0.99994 dnae/lungy r,, = 0.9999 AUARU

9) Yimsdndenduuuaie ilelvlamanuuidfuls
daszMifeateaiuiulsauasunni Tunsnuadedl
FAMUURIAD y = B, + BX, + BX, + X, + BX, + BX, + €
Tngliisnsdaidendauuy 2 35 Ae FBnsonnesuuuduney
AsganaAmineimeisidiaesiosiian uazisnis
aAneLLUL3AS TlEIENsUsTINAIAss r 4 TR Tlaidia
WUNISA WAy U1anIu ITaoliadnaziig ISueyTeiay

Banamiuazyines laenmuaseaudeddglunisiden
fulsdaszidnazesnandkuumify 0.05 AMvuaiide
YBIAINIIITN D IUAUIINITANSsd0teeianlneirum

#a
bO
b

=D

(10,50), b, = (0,40), b, = (0,20), b, = (-10,0), b, = (0,50),
(0,10), b, = (-5,5), b, = (-10,10) LLazﬁ’mumxasﬁagj‘Lu
FIENIABIUIIAY 10 58U MTAREeNMILUTBaTEIg

FILUU IAEN1SAFEUALNRATIU H, : B = 0 WBufiuH, : =0

@

ci= 1,2, 7 IWat@neaeuiined
2
N NYB - B)

t, = ﬁ,-A T8 SE(B) = \/’“T U AsAUNRFIU

SEB)

H, e |t > e ir ol asauufgnu H, wansinfiuls
Sasviuanusaheonaindauuuld azdesUszuined
w1sfimeslul enraunisannsefimunzaudely
uinUfias H, uansviidudsdassiuaiseglusiuuy
deluaunseiisliannsaifiwysdaszeonandanuy
168n nszviunsAmdenasven

10) awranaginisdadulalunisiuSeuiiisunis
fondendiudsdasy Aedesavvessiuviundeiiudazis
anunsadatiendiwlsdassidngiinuulaniudinuuais
fwuy Overspecification AUy Underspecification wag
L UU Misspecification nMsTesuau 500 adsluusas
oluusazaniunisal

NAN3IRY

devunafegiaindu 20 fuusdase X, way X,
fAnduUseavSanduius 0.95, 0.99 way 0.999 A3 3AuM
WuUsRIny esaznisAntdondiuysBaseidiuuula
gndfesnniian Tnesaesilaidudmneiifosaznsdadon
fawdsdasvdngiuuuldgndeslndidesiuwazlufidiwuy

Underspecification wag Misspecification 3Lg967LUU
Overspecification Ligadntioy Feouninisoulaeisng

¢
a K

anneBlUUtumY TszanuiduysyAvinisonnesdaeds
fdsanstioniign LariSnsoanesuuuindnussanueasi
r 4 T5heo Wlawdia wruwnin way U1aRiu ITaelaauazk
Tueysy wavismamluazyines Sesaznisdndionsnys

a
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wazdfauuu Underspecification Overspecification
WAZAILUU Misspecification lnsfisouazuasiiiuy Under-
specification mﬂﬁlquﬁuv‘]ﬂ’?g

nsdiduusBasy X, uar X, SAndulseAnsanduus
0.9999 F3msAumUUF TRt uthneduaag
paALpAsurmasasuaisususeilasdunisading fnns
dadendudsdaszdngiuuugniesnniiansosas 98.4
waglufifaluy Underspecification wag Misspecification
fifissfuuy Overspecification Wiss¥oray 1.6 Tuvaued
33n15AunILuuResiudifesduitnuneiduaiany
AaAABUAasEeRds Insdadensiulsdaseldfuuy
sSafiedoras 14.8 uaydsnsonnesuULTuRuRiUsTINN
Aduuszaninisannossneitidaesdesiigauarisng
0ADBULUUSAITIUSELNUAAE r 4 33R0 33181 B5a tuwnsn

v
[ o

7159199 1 S08arURITIUIUATINAALADNFILUTDATLUIEAFILUY IUNAIUAFUUSE ANTanaU

KV

Laru1aniy Isaediaduaziie Iueyszuarisatai
wazyines dnisdndendiuusdassdidiuuugndaaiies
Soway 18.0,19.6, 18.0, 18.0 kay 2.4 AUSIAU LATIAILUY
Underspecification Overspecification hagfiawuu Misspeci-
fication Ineii¥esazvasiuuy Underspecification 11niign
Tunn3Bgeazidonldanmsiedl 1 waznni 1
Tunsdivundegtadu 60 uag 100 wagendudszas
anduiussznineiiudsdase X, uaz X, 1Ju 0.95, 0.99
waz 0.999 lenan1sAnidendiudsdasyidngiwuuduly
Twieadenfufunsduuiadiegiadu 20 wilunsdld
Fulsdase X, uae X, feduuszavsanduiug 0.999 35013
Aumuuugewnuiiilaidudmnedusaueanaiou
fdsaoande dadenmuusdaszingiuuugniesnniian
Felduansmeazdenlilumsei 2-3 uay nwi 2-3

o ¢

USWAIONISARLEBNFILUY

\ile n=20
n=20,r,=095 n=20,r,=099

35 Correct.  Under. Over. Miss. 7 Correct.  Under. Over. Miss.
OLS 89.8 1.0 9.2 0.0 OLS 87.2 1.6 10.8 0.4
HKB 89.6 4.8 54 0.2 HKB 88.8 4.6 6.6 0.0
LW 89.8 1.0 9.2 0.0 LW 87.2 1.6 10.8 0.4
N 87.0 4.6 8.2 0.2 N 84.8 4.6 10.6 0.0
KS 39.4 56.2 4.4 0.0 KS 36.8 59.6 3.6 0.0
TABU(F1) 98.2 0.0 1.8 0.0 TABU(F1) 98.0 0.0 2.0 0.0
TABU(F2) 97.0 0.0 3.0 0.0 TABU(F2) 97.6 0.0 24 0.0

n=20,r,=0.999 n =20, r,=0.9999
7% Correct.  Under. Over. Miss. 7% Correct.  Under. Over. Miss.
OLS 81.0 7.2 10.4 1.4 OLS 18.0 71.6 2.6 7.8
HKB 86.4 7.6 5.4 0.6 HKB 19.6 74.0 2.8 3.6
LW 81.0 7.2 10.4 1.4 LW 18.0 71.6 2.6 7.8
N 79.8 9.2 9.8 1.2 N 18.0 72.0 2.6 7.4
KS 31.2 64.2 3.8 0.8 KS 2.4 94.4 0.6 2.6
TABU(F1) 94.0 4.0 1.8 0.2 TABU(F1) 14.8 83.8 1.2 0.2
TABU(F2) 97.8 0.0 2.2 0.0 TABU(F2) 98.4 0.0 1.6 0.0
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v
[ o o ¢

7159199 2 S08arUDITIUIUATINANLADNFILUTDASTEAFILULU IUNALANFUUSEANSaNFUNUSHATION1SANLADNFILUU

U

\ile n=60
n=260,r,=095 n=:60,r,=099

75 Correct.  Under. Over. Miss. 75 Correct.  Under. Over. Miss.
OLS 89.6 0.0 10.4 0.0 OLS 89.6 0.0 10.4 0.0
HKB 93.6 0.0 6.4 0.0 HKB 93.0 0.0 7.0 0.0
LW 89.6 0.0 10.4 0.0 Lw 89.6 0.0 10.4 0.0
N 89.6 0.0 10.4 0.0 N 89.6 0.0 10.4 0.0
KS 56.2 37.2 6.6 0.0 KS 59.4 33.2 7.4 0.0
TABU(F1) 97.2 0.0 2.8 0.0 TABU(F1) 96.6 0.0 3.4 0.0
TABU(F2) 97.2 0.0 2.8 0.0 TABU(F2) 96.0 0.0 4.0 0.0

n=60,r,=0.999 n =60, r,=0.9999
7% Correct.  Under. Over. Miss. b5 Correct.  Under. Over. Miss.
OLS 90.4 0.0 9.6 0.0 OLS 524 36.2 6.4 5.0
HKB 94.2 0.0 5.8 0.0 HKB 72.0 19.2 6.8 2.0
LW 90.4 0.0 9.6 0.0 LW 524 36.2 6.4 5.0
N 90.4 0.0 9.6 0.0 N 524 36.2 6.4 5.0
KS 53.6 37.4 9.0 0.0 KS 24.6 67.6 4.4 3.4
TABU(F1) 98.0 0.0 2.0 0.0 TABU(F1) 55.2 44.2 0.6 0.0
TABU(F2) 97.6 0.0 24 0.0 TABU(F2) 97.6 0.0 24 0.0

A715797 3 JoeazvpidIUIUASITARLEENFIMUTBaTEIEMLUY TwunauAduUsEAnSanduiusuagisnmsantendaiuy

o n=100
n =100, r, = 0.95 n =100, r, = 0.99

3% Correct.  Under. Over. Miss. 7% Correct.  Under. Over. Miss.
OLS 91.2 0.0 8.8 0.0 OLS 90.8 0.0 9.2 0.0
HKB 94.4 0.0 5.6 0.0 HKB 94.8 0.0 5.2 0.0
LW 91.2 0.0 8.8 0.0 LW 90.8 0.0 9.2 0.0

N 91.2 0.0 8.8 0.0 N 90.8 0.0 9.2 0.0

KS 67.0 24.6 8.4 0.0 KS 62.4 30.4 7.2 0.0
TABU(F1) 97.4 0.0 2.6 0.0 TABU(F1) 97.0 0.0 3.0 0.0
TABU(F2) 96.6 0.0 3.4 0.0 TABU(F2) 96.8 0.0 3.2 0.0
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n =100, r,, = 0.999 n =100, r,, = 0.9999
% Correct.  Under. Over. Miss. 3 Correct.  Under. Over. Miss.
OLS 89.8 0.0 10.2 0.0 OLS 76.0 13.6 8.4 2.0
HKB 93.4 0.0 6.6 0.0 HKB 84.0 8.0 7.4 0.6
LW 89.8 0.0 10.2 0.0 LW 76.0 13.6 8.4 2.0
N 89.8 0.0 10.2 0.0 N 76.0 13.6 8.4 2.0
KS 67.4 23.4 9.2 0.0 KS 49.6 41.4 1.2 1.8
TABU(F1) 96.6 0.0 3.4 0.0 TABU(F1) 80.0 17.8 2.0 0.2
TABU(F2) 96.4 0.0 3.6 0.0 TABU(F2) 97.4 0.0 2.6 0.0
Jaeay ry =095 saLay r. =099
100 . 00 b i .
_______________________ '.' TR, 90 .o...
70 70 E
650 : seewes Correct, 60 L @ Correct.
a0 .“J_’l“,-': - - Under. al ;" “ - - Under.
:g bkl % —+— Over, :g g W —— Over.
20 If’ \\\ =i+ Miss. 20 —a: = Miss.
0 e N 10
0L w=-Taseg==c ——— 0
0\5 ‘3{3’ \)‘x ® © 0‘{"" 0@)
& 8
AN 1N AN 19
sauay 73 =099 saLay iy =09999
100 . 100 .
90 l'. ------- 90 l‘ o :'
80 RGN S, L TTT . ! 80 ’fl “
70 70 R e T ¢ \l
60 wou@es Correct. 60 |‘._.'. «.@e« Correct.
50 --u- Under. 30 ,j\ - - Under.
40 40 :
it —— Over. 20 Y —+—Over.
20 —a- = Miss. 20 Biniaras e, TR rED -, ‘ ‘\ —a: - Miss.
10 10 . L T
" " ey T .
& F F W o @
&P
AN 1A, AN 14,

27 1 SevavvesdnuiuaATIndadenduUsBaTeingiuuy IuunauisnisAnidendiuuuiasAduUssavzanduiug

dle n=20
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Iney Fs =095 Iagay r, =099
100 . - . 100 Qg .
90 PYPTTILL LR LET P Qi . 90 PR L LALTTPP PO .
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70 70 s
60 ‘ ... Correct. 50 v miw arredt
50 50
- a- Under. - #- Under.
10 40
55 ”‘ —s—Over. 30 l.\ —4— Over.
\ /4
20 ,.-’ % —a -Miss. 20 / \‘\ —4-=Miss.
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0 . B . " It ¥ |
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2 §7 P\ ¥
& A
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sagay . sagay s = 09999
100 i i =099 —— o 100 .
90 PR LT pR— 3 90
80 80
70 70 o n E
60 w@e Correct. 60 o ™ g e Correct,
L] o g o il
20 Und s F oy u - Under
- #- Under. ; b e /
g A . 40 [ S EE
30 £ Over. 30 oL . Y —+— Over.
20 o Y, —a- = Miss. 20 ‘n” \\ —a - = Miss.
/
10 \\ 10
0 o 0
o J ® o » D
o Q\% \é& by \{g\ \\«’L
&
AN 2. HIN 24.

Al 2 SewavveaduiuasinAnRenmIulTBassingfiuuy TuunauinisAniendiuuuuasAduUsEavicanduiug

ile n=60

NATWA 1-3
r,  WumduussAvsanduiussynineinulsdasy X, uay

X3
oLs WumsAndandiulsdasylaeldisnisannesiuy
Funeuiissnamdusyavmeisidaesiosiian
HKB  Junisfaidensiulsdaselngldisnisannseuuy

JuABUNUSEUUANFUUTEANTAI8IDN5RANBELUY
309 WgleIoleL958 UUISA LAY UNaniu

W Wunisdadansanlsdasyleelddisnisanneswuu
JuABUNUSEUUANFUUTEANTA8IDTN5RANBELUY
309 Wgltitanlaanaruwia
[ o & Y a vaa

N Wunisandendinusdaselaglaisnisannseuwuy

JuABUNUSEUNUANFUUTEANTA8IDN5RANBELUY
309 lagldi5ueyse

KS 1Junsdadenswlsdasyleelddisnisannsswuu
JuABUNUSEUNUANFUUSEENTA8ITN5aRNBELUY
309 lagldisamamiuazyines

N

a A

TABU(F1) Wunisdmdansiulsdasynussanumdudssans
1500008 lALITNTAUNILUUA BIMNU N TN 9T
wWvunaduaranuaaiapdounidsasaie

N

a A

TABUF2) Hunisdmdenshulsdaseiiussanaandulssans
nsanneelaedsnsAumLUURos LTl e Ty
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sauay 7y =095 savay =099
100 [P " 100 [ SITTTRP .
5 R L ~— . 90 PR Sy & irnne .
80 R 80 ;
70 T 0
.
60 «a@se Correct. 60 <@+ Correct.
50 50
- —u- - Under. 0 - - Under.
30 —— Over. 30 R —+— Over.
A e
20 &N —a- - Miss. 20 S —a--Miss.
10 / N\ 10 \
0
¥ & & e 0@\ 0@\ ¥ L& 8 > e O@ 0@
A LA
AN 3n. AW 39
sauay . =0.999 Jauay s =09999
1% vl = s ® 100 ° L
90 PYPTTILLER L CEPIYS BT ...-. 90 9 -
80 ; o ...‘ _________ . »”
= L % &
” i Correct. 60 L «eee Correct,
50 v
10 - u- Under. i i - u— Under.
30 —— Over. 7 O —+—Over,
20 A 30 i .
o RN —4- = Miss. 20 P u —a- = Miss.
% 10 l-.,ﬁ_‘..--_,.l-———-l’ L
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0 o P —_-:-\'\-a_——-“-g
g B S O ™
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2 $ 0 & ¥ N N
NSRS & &
<X F\al
AN 3A. HIN 34.

fl7W‘l7li3
il n=100

Lifidgwindeudunisuseunaansimesiaglduning
nnfures X'X egrauluisideaedesfigauazisnig
aanesuuUiad Iefulsdaszilanduiiusidadunyg
msziileteyaidsuutasiuidnios axvilirsmindundy
999 X’X Wasuluundenalieuszanumnsiinofiie
Liades Suhlfruszanamnimesidedeluliuazdma
femsmasouauyAgiusg ee1vagulein lunsdiiteyadl

anduiusBudunviuge BnsAumuuudswiutieglunis

s
£

Uszanuaduuszansnisanaselalnalfgsiuminisfimes
YasfaLuUNINNIIEMiaesiesignuarinisannesuuy
309

nsdiduusdase X, uay X, Srdulseansanduius
0.95, 0.99, 0.999 F3MsAuMLUUFsUTR s e
JumnueainedeutidideniolarAanunaneaey

fovazvosdIuaTIAndendLUTBassdngiiuy SuunmuIsnsAadendmluuwasAduUsEanSanduius

Mdsaevadeusudeilssdunisasinuiifesazanins
Andenimulsdasuiingmuuulagndeunnniiisnisanaes
LuLTunouiiUssnauAdul sy ansnisonaesiie s iddes
toufign uazisnisannssuuuiadluynvuiadiedi
PINNANITIATIERLUNUAILUU Underspecification way
Misspecification Slitesiawuu Overspecification Fasdudiymn
Ayuussdosninsiifulsdassiiddyuameluanduuy
sndiunsafivuasegiady 20 wasAdudseavisanduiig
0.999 FEMsdumuuUFeuiTifut e duaay
AaaLAReuM&desady fifauuy Underspecification
Sppay 4.0 wazfLUU Misspecification Sewaz 0.2 Tuvaueii
nsAndenfiuuuiiedsnisanassuuutuneuii¥esazves
U Underspecification Tunnuuagiogng Sssan1snw
Tudilaenndosiunanisdinuves niusialy s unedng (2554)
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