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Comparison of some robust estimators for multiple linear regression
model parameter estimation with the presence of high leverage points
by simulation

Abstract

The multiple linear regression model is one of the linear models
widely used to analyze many research data in the economic, medical and
social fields, and the research aims to obtain high-efficiency capabilities that
the presence of outliers affects this efficiency and the presence of outliers
observations (high leverage points must be detected), In the illustrative
variables and treating them by estimating the parameters using some of the
invulnerable estimation methods illustrated through the research, the M
estimator, the MM estimator, the S estimator and the GM2 estimator. In
order to know the best of the estimators, a simulation method was used
between estimation methods with different sample sizes (n = 100, 50, 20)
and assuming different Contamination ratios (t = 10%, 20%, 30%) and
based on the comparison criterion average squares of error (MSE) For the
model to reach the best method, the results showed that the (MM) estimator
achieved high efficiency in estimating the parameters compared with the
rest of the estimators.

As for the application side of this study, real data taken from the
Central Bureau of Statistics was employed regarding the results of the
survey questionnaire for the Food Security and Vulnerability Assessment of
Households in Iraq for the year 2016, by describing the data represented by
the estimated average monthly expenditure of the head of the household on
non-food goods and services. We notice the presence of four observations
with high leverage points in the data, and these observations are
(23,46,53,94) as they were revealed by the main country components of the
Hat Matrix, as well as from the results of the application, we note the
significance of the variable of the head of the household's total expenditure
on education and the variable of total housing spending Electricity and other
fuels.

Key words: Outliers, High Leverage Points, M estimator, M estimator, S
estimator, GM estimator.
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1 20 | 0.017268773 | 0.006374796 | 0.007203637 | 0.020369823 | MM

30 0.02432594 | 0.02081265 | 0.02445781 | 0.02357760 | MM

10 | 0.007628370 | 0.006462872 | 0.007934373 | 0.009403455 | MM

n=20 | 5 20 | 0.013824142 | 0.006459577 | 0.006855019 | 0.015900591 | MM
30 0.02114923 | 0.01276113 | 0.01324141 | 0.01972557 | MM

10 | 0.007407284 | 0.006564169 | 0.008183742 | 0.008756414 | MM

10| 20 | 0.010039306 | 0.006255763 | 0.006592703 | 0.012342149 | MM

30 | 0.016470046 | 0.008534502 | 0.009372921 | 0.016736670 | MM

10 0.002179405 | 0.002124349 | 0.002279036 | 0.002370762 | MM

1 20 0.002434983 | 0.002122546 | 0.002177015 | 0.004022463 | MM

30 0.004660105 | 0.002131653 | 0.002294961 | 0.004289055 | MM

10 0.004206366 | 0.002176325 | 0.002190369 | 0.004043173 | MM

=50 | ° 20 0.002341734 | 0.002112709 | 0.002155791 | 0.003430618 | MM
30 0.004136220 | 0.002159433 | 0.002165065 | 0.003964218 | MM

10 0.002168139 | 0.002128804 | 0.002248239 | 0.002421531 | MM

10| 20 0.002236559 | 0.002143895 | 0.002171270 | 0.003019414 | MM

30 0.003114207 | 0.002136617 | 0.002143158 | 0.003484995 | MM

10 0.001055981 | 0.001051734 | 0.001085098 | 0.001089298 | MM

! 20 0.001080341 | 0.001060348 | 0.001069992 | 0.001453700 | MM

30 0.001693492 | 0.001056682 | 0.001058606 | 0.001565633 | MM

10 0.001064518 | 0.001057032 | 0.001089325 | 0.001131797 | MM

n=100 | ° 20 0.001079584 | 0.001063543 | 0.001073561 | 0.001347837 | MM
30 0.001570012 | 0.001064330 | 0.001064481 | 0.001535427 | MM

10 0.001070958 | 0.001067251 | 0.001093814 | 0.001130828 | MM

10| 20 0.001069036 | 0.001059116 | 0.001066079 | 0.001258182 | MM

30 0.001255964 | 0.001066723 | 0.001067907 | 0.001415895 | MM

35l Jal sadl apen 380 (o jd g el Covalasid SLSIacall 4 ot o] ya) 5 2 ey
Ligall ans S Ladie jaie Judadl o Jaadl ¢(1) Jsaadl ddasdle JOA (ed jliie V) Sy
(N=50) Y duall aaas oy Ladie Lol (MM e g2 ol 5 & slill il s Calidag (n=20)
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Allal) Callaai) i 3 g 53 20l il sV 23 el Cilalaa 5065 Aipeanl ol 08l a4 e

Ol (N=100) Lisall ana il Ladie s Lol (prasll MM 28 58 jaie Jumil o) Jaa Ui
DIV 3 gadl paEl) jade Jucabl () sl dale 5 ) gy s < JuadY) 8 Guasll MM i
Gliall o gan Caliday g & glill Cad Calida (Adle calanil Jalas) 33L% Claalia 3 ga g0 adl)

Opaal) S e Agll A5 5l 4l o (premnll MM e s 1L 31 Cidllae s

1ot caladl slal

Lals sliandl (6 58 jall lgaldl (e 53 sala diia by Al o uilad) 138 ey
A e 2016 A (31 pall 85 pu D Ailigll 5 A (1Y) aniS s (i) 5 jlaiasl il
e e claadlls alull e 55V G g il et Jaally dliaia) clibyd) Caa
(Y) &l sl jluie) o a8 cliball oda Jalaill dage Jigasi (a3l 5 (100) e 4o
(o (X0s) na gl <l juaiall g3 ) )l (g pasill (o el BLAYT Jaza 5o
Cal gall 5 Jaill e 3 pu¥) )l (e Gl Jiay (X ) puial) 1
Asall o 3 )l dlaa¥) G Jiay (X,) sexiall 2
pladl) e B pul Gl laa) B Jiay (X3) eadall 3
Agdal s el (e B pu¥) ol Jeaa) Bl Jie (X)) osxdall 4
A g s el sl Suall  MaaW) GBLaY) Jiay (X5) Lerdall 5
(Aaladl x5y Jals) 33LEN Colaabliall (e il

= (HLPS) Allad) Caldaxsy) s 3l culaalodiall a5 e oSS iy g
ralie PR (e Lede ol iy 3 o(Hat Matrix) 48 sias Jleaatinls daasia gill ) il
(Y sl 8 Cae LaS g Anlll 46 shiaal (i kil

da ) 4d ghiaa Jlaricdy 4llad) Cillaady) Bl (e CaESY) (2) Jgaadl

obs h;; obs h;; obs h;; obs h;;

1 0.062143 24 0.043935 51 | 0.067644 | 74 0.075192
2 0.042761 25 0.018858 52 | 0.012076 | 75 0.017975
3 0.051378 26 0.058646 53 | 0.140221 | 76 0.039802
4 0.064968 27 0.018587 54 | 0.028358 | 77 0.046113
5 0.060675 28 0.045973 55 | 0.018678 | 78 0.037873
6 0.070001 29 0.087643 56 | 0.089325 | 79 0.067255
7 0.056523 30 0.042064 57 | 0.031641 | 80 0.04672

8 0.041883 31 0.037213 58 | 0.011052 | 81 0.05463

9 0.086476 32 0.047058 59 | 0.056561 | 82 0.053082
10 0.06662 33 0.067031 60 | 0.048292 | 83 0.032039
11 0.047345 34 0.073905 61 | 0.042628 | 84 0.064929
12 0.035163 35 0.01232 62 | 0.059037 | 85 0.038267
13 0.051418 36 0.010008 63 | 0.023758 | 86 0.056615
14 0.070973 37 0.071374 64 0.08771 | 87 0.049618
15 0.031057 38 0.054702 65 0.04033 | 88 0.030131
16 0.084219 39 0.075819 66 | 0.043782 | 89 0.010387
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obs hii obs hii obs hii obs hii

17 0.06973 40 0.07644 67 | 0.033428 | 90 0.019471
18 0.015863 41 0.022819 68 | 0.017388 | 91 0.083725
19 0.059051 42 0.052679 69 | 0.052242 | 92 0.023117
20 0.06498 43 0.061605 70 | 0.049234 | 93 0.026627
21 0.05694 44 0.02205 71 | 0.048802 | 94 0.184951
22 0.058135 45 0.046068 72 | 0.017352 | 95 0.053015
23 0.119926 46 0.111466 73 0.05312 | 96 0.033233

Hat Matrix 4sll 48 saaaad (i 0 el jualic sy Galall (2) Jsaall e a3l
hy > 0.10 LS 3 e Cillanl Lal& 535 3305 culaaliall ani by, > (2_np) 0555 Ladic
Ll hii o 058 (23,46,53,94) :» Adle Callani) Lol Ll a3 ) culaablial) Gl I
0.10 e ST g
ZagalY) Clalea uafi ]

(o a3 e (ge A8y sl Juadl Jleaiols 23 5] Cilalaa 0085 S s
Lo gia Jomal ppd Ji1 chaef ad) Gulal (e el s (MM) e s 5 Gasall o jail) Cilad)
aal) Ll i) Gakatl) de e dlaie Yy s AV 3kl ae 45 jlie Uadll cilay 5
Gilalaall a8 el 5o A0US o3 chadatie il g (83 ) )l (gl (g Hell) Bl Janal
(Y Jsaall @5 il e Jpanll 3y ¢(R) Zab gl g Jlaainly

ilalaall 4 82l 2l G (3) Jgsad

Coefficients Value Std. Error t value p.value
Intercept 0.0165 0.0667 0.2472 0.3858025
X1 -0.0084 0.0677 -0.1236 0.3948323
X2 -0.0340 0.0678 -0.5012 0.3505180
X3 0.1590 0.0623 2.5521 0.0164974
X4 -0.0602 0.0673 -0.8952 0.2658626
X5 0.1785 0.0625 2.8560 0.0076316

((x3) il e 5 )l dlaa ) BEY) e 4 sine Jaadl (3) Jsanll milis (e
G Jane 33l ) ) a5 el e 5 30V Gy a1 S (e Ban 5 Bas 33l 5 () 3)
eVl LY e 4 sina Jsaad) e LoDl LaS 5 ¢(10%) laian 3 W) Gy (5 e
£ S5 oSasall a1 BLAY) yoria saly 3 o 3 s il il jaa s ol 5eSU 5 (Ssall
(%7) i 3 V) )l el B Jare 833 (Al (535 Bas) 5 Bas 59 5 Al iy e
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sclalifiay) sluald

il Le ) i Audaill 5 o yail) cuilad) s jaa e el

LlE g o5 (e 33LE Calaaliia 3 g g0 damiall hadd) JlaasV) 3 il el jade Juzadl )

JE1 ellia 45 € gl iy il 2 saa Calisay Guasll MM aie g 4llall CallassY)
i) Aty 35 e Uad ey e Jans g

Gl 3 Ale Cillasl Bl calaaliia g )i 2 g s oDl il Culal il (e

Gl 5l alie a5 Leie <3Sl a5 Y (23,46,53,04) b bl oba
) 48 giadll

ardaill e 3 pu¥) ol  dlaa ¥l GLEY) jurie Ay sine Jaadl SBadadl) Cuilad) &0l (s

ATl 5 jaa s el seSlly Ssall Maa ) L) yia g

sclua gl luala

1l Lay o g3 Canld) asisid La g el 5 o el Cailad) il e e oy

35 s 2amiall hadll HlaaiV 23 sl Claeall a5l AV elhac) 5 )5y ]
Claaliall odgd Cadall dlae (o dpanl ST Al (Al CallaxaV) Jalis) 330N Cilaalisall
Aage il slae elliag 28 Colaalindl s Y

DV z3las Jasitl aaeiall ol Hlass¥) 23 gait Cilabeall 508 331 )k a5 )5 a2
Aalaa U lasi) o dlad g <l juaiall daaia

6 sing aaia i jlaail zdsail gl jaE o pasll MM e e 30l Say 3
A0S Claalia

JJL«AA.“

sdy al) AL abaal) oY

el 5 AL 13 e ¢ an) (a5 ) A ((1987) 3 p0mn 25 5510
e Lia e ¢l 5 A il asiall (g aLaBY) Gl ((2002) Al anils calua s (g3la (5 ) 5al alalS
Llary

Al ¢ lasayl CJLA.J saLa e&i” pAEs é)b 3elaS (:..3:\33 ‘(2001) e JOLE eéJ}g;.‘\) T Jui ewu
Ak dxala calai@Vl g5 lai) A4S celasly) and ¢ yiuala
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