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Abstract-We study the selection vrrhbles (predlctors) on multiple lirerr regresslon model (MLRM).
The b€st iubsct (Cr Mallow) rnd the stepwlso (forwrrd s€lection rnd b.ckw$d ellmlnrtlon) methods are
uocd to identify r best mod€l on tte MLRM. A simuletion study is cotrducted uslDg sccondrry drtr on y
(percenrr€€ ol povctty liae) ef,,d lear predietors ,Yr (oDfecs), X, U,oP,,tlation gortb r.ter, Xr Aife
erp€ctrncy), rnd Xr(ength of rtudy), Thc resuft showed thrt the best model of the forward relecdon rnd
backward climinrtion ere rimilar, x, and x,, are signiflcsnt, with the trlodel j,, = f, * dn+ /rx, , but
th€ lorwril 3elecoon (wlth 2 rteps) is more emdetrt thrn brckw.ril cllmlnrdon (wlth 3 steps),
Utrfortutrrtcly, thc best r[bs€t mcthod hrs r difierent selecdon vrrlebles, here X: is rlso sigrlficrnt, so th€

mod€l tu ),:Po*Ar,+prxr+prx, . Finrlly, wc conclude thrt the best modcl is

i,-- fo* frn* frrj. Thls is due to Oe bot[ varirblcc Xr rnd Xt re rvrlhblc or the three testr,

namely (l) correlatlon testing (prrtid t6t), (2) stcpwisc metto4 rnd (3) bett subfct method,

Kcyserd - B€st &rb6€q Cp , MLRM, urd rtepwise.

I. lNrRoDUq-rroN

Gcncrally, infsrcnces about population parameter can be drawn from sample, and increasing a number of
sampl,e will affoct signifrcantly to the qudlity ofiafere.toes (Sc€joftri,2OlO). More detail about &is, BE c.of[21]
already studied to improve the inferences population using non-sample prior information (NSPI) from trusted
sources. Therefore, we need sampling to get the eligible and r€presentative sample (r, from population @f),
wirh small error on level of significancc (a), a =0.01,O.05 and or 0.10. Following. Bhatacharya and

Johnson [2], Walpole and Myers [9] and Bluman ['l], the sample size (n) is then formulated by

^a(2"''"/)' 
, **"d is detsamined by r€s€ arch*, Z,,ris ftom standard normal distribution, and o2

is unknounr variance. Furthcrmorc, fiom the pair ofdaa sample (-r,,y,),i =1,2,.-.,n, we thcn estimate the

linie.r regression nrodel of the multiple regrcssion rnodel (MLRM) o y,-- fio+ ilrrr+...+ prxr, where x,

is a predictor and H is a respnsc. Note that the general model of the MLRM is given

u !, = fo + 9t\ + -. .+ P?xp + e, . To eusurc that fie modcl is significant, we th€n test the significant model

of the j, o be rccommcnded to users. Moreover, the model ( !, ) is generally tested using three criteri4 namely

(l ) the coefficient determination (X?), (2) analysis of variance (Anova) with f test, and or (3) partial (Draper
and Smith, [21]). ln this case, some assumptions of tre regrcssion model are also te,ste4 such as (1) normality
test and mndom ermr of lt. ' #(g o :), (2) autocorelation of &e error, (3) hacrmcedasticity an(l (4)

multicollinearity problcm among predicton.

In addition, the paper is focused on the best sutset and stepwis€ methods in getting the best model on the
MLRM. Here, \ve noted many authors have been studied about the selection variables on regression model, such
as Drapcr and Smith [21], Gujarati [7], Gujarati [E], Chazali [13], Kutl€r et at.[15], Mo*gomery [5],
Montgomery [6], Bhauacharyya and Johnson [2], Greene [22], Baltagi [2], Baltagi [3], Menderhall [23],
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Mendenhail and Sincich [24], Btuman 01, Huggins and Staudte [20], Iriawan and Astuti [16], Graybil and Iyer
u0l, Walpole aod Myers uEl, Walpole et al. [l91 and hatikno [4]. Here, Pratikno [4] have been shrdied testhg
oflhe lrypothesis te,sts on regression models using power and size ofthe hypothesis testing.

ln this papsr, tle'rnuoduction is prBsented in S€ction l. The regression model, best subset and st€pwise
methods arc given in Section 2. A simulation is then obtained in Scction 3. Section 4 described thc conclusion
of the research. docrrment is a tqrplEte.

tr. REGf,ESSION MODDIs Ef,S? SUBSETAND SIEPWISE METEODS
2. I . Mulb'ple Regression Model

For an n pair of observatioDs onp independent variables (Xt...,Xe\ and ooe dependent variable (y), (X;,;I),
for i-1,2,-..,n :mdj -- l,2,...p,lhc rmrltiplc rcgrtssion modcl (in rn-atrix) is givor by

Y-XF+e (t)
Herc, p = (8g,,8! ^, 8r)' " a (p * L) dircnEioo8l colum vector of unhown paramcters,

f - :Ii,'.,.1i.)'is (r: r t) vsctor rl tEspms€ vErisblcs, xis E ,r x (Z thatrix of krow fixed vatues
of the ind+qdcnt variables an . is the crrcr term wtich is asslned to be ideatically ard indepcndently
distrihied as .,\i (O,c.:r*). Herc, I. is the idertity matrix of order r and s- is the common variance of 0re
srror vaiablcs. Fotlwing MoDtgcrmcry [5] ard Cn-aybil and tycr [1O], thc cstimatc coefficient rcgression modcl
in mauix is dtan given as

p:1x'x1-'x'r
Q)

Furthermore, we lest the hypothesis testing of lhe, Hn : ft = fr:...: ip=o. Here' Anova (I &$) is used,
and it is presented in Table l.

Table I. Aiova oflhe lvtLRM *ithP itd.pEtui'nt varirblcs

Source of
Vrrlance

Degree of
freedom (d0

Sum Square
(ss)

M€rn
Squr€ (MS)

Fr

Regression p SSR MSRr = 
Si> 

lo:p.,-Lp*t\

c thca rcjcct Ho

w
Error n- (p+1) SSE MSE = s2

Total n-l SST

Note that .LiE is sum square crror, S,lI is sunr squarc total and M,lE is mean square error. Following
Montgomery [5], we must te.st the assumptions of the MLRM, such as (l) the multicollinearity is tested using
variance inflaction factor ( Izlf), that is ZlF > I 0, or F test is signilicant but , is not. We guaraDlee that there is
no autocorelation of ths €rror term and therc is no heteroscedasticity. Moreover, Gujarati [7] showed that if the
plot of error versrs { going to be large (see Figure l.), thcn .Y, and { must be divided by X, in order to

get the eligible data.

t
I

-aa.Jq
-".-._*

Y

,t';

Figtrc l. Ptor bctwccn errot e, d Edghr.d X,

2.2. Stepwise Regression Method

The stepwise regression melhod geDerajly consists of forward selectiou and backward elimination (Soejoeti,

[25]). Here, we want to choose a small subs€t ftom the larger s€t (large set of candidate predictor variables) so
that the resulting regression model is good predictive ability. tn this metho{ we erter and r€move predictors
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until there is no justifiable reason to enter or remove morc. First step, we fit each of the one-predictor models,
tlat is, regress l/ on -rr, regress / ofi x2,...,regress y on rr. The lfust F;dictor is the predictor tlat tras the smallest
l-test (or high corelation (r) or significant in F test). Similarly, i* rr"p, we suppose ,r was the ..best" 

one
ptedictcr, ttnn we fit each of the tvro-ptedictor models with xl in the rnqd;l, that is, regresr ) on (xr, x2), regress
y on (x1, xt),,--, andy on (xt, xp). Again, the second predictor is the predictor that has the smallesi r-test for high
correlation (r) or significant in F tes$. Bu! we must corsider to iemove one of them if the model on the id
sEP, 9i = 0o * A*, * hrr,is not significant. For exampl e, if ilte ft = 0 has become not significant, remove

rr . The procedure is stopped when adding an additional predictor has no significant ,-test more. Following, [20],the first step of the backward elimination procedure is to allow us to fit th; full model of the MLRM. We then
eliminate oue by one using correLation (r) cdteria (anrt 61 , or F tesg in testing hypothesis of .te 

coefficient
regression paramoters. Here, we need many steps in getting the eligible coefficient rigression parameters model
ofthe MLRM.

2.3. Best Subset Method

The best subset method is used to find the eligible predictors ({ in the MLRM model, with n > p. Here, we
select the subset ofpredictors that do the best at meeting some objective criterion. Following Draper and Smith
[21], we follow several steps to get the eligible predictor in the model, tbat are:

(1) consider and choose the highest rt2 : R2 = 1- g,
^s,sr'

(2) determine the maximurn Pa, & = 1- ,("-'),SSE ,
@-dss,r'

(3) choose the small Co and Co is close top, where ,, =#-n*2p, and

(4) finally, we must choose the small s, where s is square root of MSE .

III. A SIMIJLATION STTJDY

Following Subsections 2.1 ta 2.3,we then simulate the model of response I (percentage of poverty line) and
four predictors Xr fiobless), Xz (population growth rare), X: (life expectancy), and Xr (length of study). The full
model of the data simulation and theirPearson correlation (Table 2.) are ttren given as, respectively,

i, = 0o+ irxr+ irxr+ irxr+ ioxo= 108+0.54 -0.8:r, -1.6++0.9x0, and

Table 2. Pearson correlation

Xt Xz Xt Xt
Y 0.E 0.5 -0.8 -0.5.

From Table 2, it is clear that Xr and Xl have high correlation, so they are significant and eligible to the model.
To make sure that model is really good, we then analysis it using both methods, namely forward and backward
selecfion methods as follow.
The output of the procedure of the stepwise forward selection and backward elimination are presented in Table 3.
and Table 4. (Suleman, [4]).
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Table 3. Stepwise Regression (2 steps): I versusXr, X:, Xr,& With A = 0.05

Step I 2

Constant r23.7 89.7

Xt -1.7 -1.2

T-VaIue -3.8 -<,
p-Yalue 0.005 0.001

Xr 0.37

T-Value 5.2

p-Value 0.001

J 0.63 0.31

x-sq 64.5 92.6

R-sq (od) 60.0 90.4

Mallot*Ce 25.3 2.5

Table 4. Stepwise Regression (3 steps): F versus X, X" &, & With A = 0.05

Step I 2 3

Constant r 08.0 89.7 89.9

Xt 0.48 0.39

T-Value 4.0 4.3 5.2

pValue 0.01I 0.005 0.001

-0,8 -0.60

T-Value -1.2 -l.l
p-Value o.27 0.31

Xt -1.6 -t.2 -1.2

T-VaIue -2.6 -5.3 -5.2

p-Value 0.M9 0.002 0.001

Xl 0.9

T-Vatue 0.7

pValue 0.55

s o.32 0.30 0.31

R-sq 94.3 93.8 92.6

R-sq (adj) 89.8 90.8 90.4

Mallow-Ce 5.0 3.4 2.5

Table3. and Table 4. showed that the eligible model is similar, namely

9, = fu * Aq * Ar, = 9O + 0.44 -l .2x, . Here, we Bot rwo .st€ps on the forward selection model but not

in backward elimination model (3 steps). We then conclude that forward selection method is more effrcient than
backward elimination method.

Moreover, we then analysis the data using thc best zubseG method using Minitab software, and the resulf is
given in the Table 5. (Suleman, [4]).
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From Table 6., we see that X: and & are the bcst significant prBdictoB to the model ofthe MLRM. This is

diie ro ahe Cp close to p:3 (even ir is ,rol dre smallest), and drc R2:98.5 (2'd highest), maximum

R"or2 =98),go=3.0closetop(p=3)andsmalls:0.25913. In this case, we note lhat the variables name

arc: -f2 is population growtlt rate, X3 is life expectanry, and ,rr is length ofstudy. We then conclude orat the best

model is j; = Br+ fr*, + flr* .

TV. CONCLUSION
fhe paper studbd the selecnbn variables (prediclon) in multiple regression model (MLRM) using best subsct

and stepwise regression methods. The rcsuh showed that the best model ofthe stepwiso (forwErd and backward)

method are similar (Xr arrd Xt. are significan! and the model X i,, = po + it 4 + firxr) , Wt the forward

selectioo (with 2 steps) is more efficient than backward elimination (with 3 steps). Unfortunat€ly, the best subset
method has a differert selection variables, where & is also significant, so the model is

i,= h* B,n+ ilr4+ |lrxr. Here, we note that rhe output of the R'?=93.8 (2d highest), maximum

R*2 = 9O.g,6o = 3-4 clorr- to p QF4\ ard s:0.30445, arc the zuitable indicators of the criteria. We therefore

(finally) conclude that the best model is, |, = Prn Pr*, + prxr.Thts is due m the Xt atd Xt variables are

available on the tkee tesG, namely (l) correlation testing GErtial t€st), (2) stepwise me$od, and (3) best subset
method.
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