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Abstruct

Many Authors have already studied estimation and testing using non-sample prior
information (NSPI). They showed improvement of the estimation and the testing using
NSPI. Here, we then study the power of the tests in testing hypothesis of the coefficient
regression parameters on multiple regression model (MRM) when non-sample prior
information (NSPI) is available on another subset of the regression parameters. Following
the previous research of Pratikno [5], wc used three different tests, namely unrestricted
test (UT), resricted test (RT) and pre-test test (PT-I). We then presented and graphically
analyzed the power of the tests using lR code. The result showed that the power of the
PTT be a eligible choice among them.

lnternational Journal of Advanced Science and Technology
Vol. 29, No,6, (2020), pD. 3274 - 3279

The Power of fhe Tests on the lulultiple Regression Model

Budi Pratikno',', Shahjahan Khan2

t Department of Mathematics Jenderal Soedirman (Jniverstty, Purwokerto,
5 3 12 2,Indonesia

2Department o[Mathematics and Computing University of Southera Queensland
To owoomba, Queens land, Australia

t : bpratiho@gmail. com, 2 Shai ahan. Khan@usq. edu.au.

Kqmords: mtrJ,liple regression, power of the tests, regrcssion parameters

l. Introduction

Following the previous research such as Bancroft [32], Saleh [2], yunus and Khan
[8] and Pratikno [5], that inferences population parameters can be improved using non-
sample prior information (NSPI). tn term of the NSpI treatment, we reprssented again the
classified of the NSPI as: (l ) unknown if the NSpI is not available, (2fknown if the exact
value is available from the NSPI, and (3) uncertain if the suspected value is unsure
(Pratikno, [5]). Many authors such as Kian and Saleh [27]; Khan et al. [2S]; Saleh [2]
ard Yunus !71 also already studied the preliminary testing (pre-testing) on uncertain
NSPI is to improve the quality of estimator. Moreover, Saleh [2], presented ttcee
estimators on the NSPI treatment, namely (i) the unresrricted estimator (llE), (2) (ii) the
restricted estimator (RE), and (iii) the preliminary test estimator (pTE) (see Judge and
Bock, I l]; Saleh [2]). Khan [22], znd Khan and Hque [29] then provided the IiE, RE
and PTE for different linear models. Furthermore, for the testing purpose, yunus [17] and
Pratikno [5] described three statistical rests, namely the (i) unrestricted test (UT), (iD
restricted test (RT) and (iii) pre-test test (PTD.

Moreover, many authors have contributed to the estimation ofparamete(s) areas in the
presence of rmcertain the NSPI Such as Bancroft (t321, i33), Hand and Bancroft [6], and
Judge and Bock I l]. Then, K]ran (123), l24l), Khan and Saleh ([25], 1261, t301, i31D,
Khan and Hoque [29], Saleh [2], and Yunus [17] also covered various work in th e ar* of
lmploved estimation using NSPI. Here, we noted some authors such as Tamura [16],
Saleh and Sen (t31, t4l), Yunus and Khan ([t8], ttgl, t201, [21]), and yumrs tlTl have
been started to study testing hypothesis using NSpI on nonparametric methods.
Furthermore, Pratikno [5] started to use the NSpI in testing hypothesis on parametric

lssN: 2005-4238 TJAST
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mdels (i.e. regressian rzode,ls). Fo)lowtng Pnttkno [5), we noted that the power and dze
of the tesls are used lo compare the performance of the UT, RT and PTT.

The paper presenled the inlroduclion in Section l. Section 2 introduced theory of
multiple regression model. The power function of the tests are obtained in Section 3. An
illustrative example is given in Section 4. The conclusion is provided in Section 5.

2. Multiple Regression Model

For an z pair of observations on ,( independent variables (Xr, ... , Xr) aad one
dependent variable (Y), (X,t, Y), for i : I , 2,..., ,r andj : /, 2, ... ,&, the multiple regression
model (MRM) is defined as

Y, = Fo * 0,X,, + ...+ ptx * + ei (r)

where I; is dependent (response) variable and X* is explanatory (predictor) variables. The

equation (1) is then written in matrix form as

Y -Xf +e e)
where $ = (f^ frr..., f.t, f"..., fi' is a (k + ,1./-dimensional cohmn vector of unknown
regression parameters, Y: (yr,..., y,)'is ax1 vector ofdependent variables, X is a zx(t +
l) marix of the independenl variables, and e is the error tenn as N"(0, dIJ with I, is the
identity makix oforder n and d is the variance of the error variables.

To test a subset of regression parameters when there is NSpI on another subset ofthe
regression parameters, we then let Er = (00, ..., F-r) be a subset ofr regression parameters
and h : (f, ..., p-) as anoths subset (t+i-r) regression parameters *ith 0 = p,
:G",,8D,**.F'1 is a sub-vector of ordcr r and fi is a suLvector of dimension s =
k + I - r. Furthermore, the matrix I(.<t. rlr is prtitioned as (Xr, Xz) with Xr : (1, rr, .-. ,x-r) m4 &_: (x', ... , &. To test that Xr has no significant effect on the response, i.e.
rui, $uF)= (0, p; ) for r < t, wc test a suket of the r regression parameters from

the complele model ft variates). The F statistics is then used to test Ho : B, = ... = p* = 6
ag inst H" : not all pt s arc zero for rhe reduced model (Wackerly et al., t7l), that is

ssr. -.1s4
(e-(r-l))

\r<.-,t,n*o (3)
F

ssr"
(n-(r+l))

lssN: 2005-4238 TJAST
Copyrioht @ 2020 SERSC 32'15

where.lsE is sum square error in reduced model and ssE is sum square error in complete
model. The detail of the F test statistic for testing hypothesis is found on ohtani and
Toyoda [ 3], and Gurland and McCullough I l2].

Following hatikno (2012), we then test pr when NSpI is available on the value of pz

!1-tellng llo : H11.,.1p11.,, = hr(c,r) against 11" : H11qayp11.,1y > hr1o,ry. Following Salih
(2006) the test slatistic for lesting I/0: HrPr : hr is given by

r'-\(1n,B,-h),(H[x:x,f,H;XH, B,-'Ul) (4)



wbere the least square estimator (LSE) ofpr is

fr,: (x;x)4 x;y - c,tx;y,where c, : x,X,,
.t

and sl = --l- 1y - Xlp)'(y - Xtft) is an unresaicted unbiased estimator ofn-r
o' 1sj -+ o''1 . Under //. I' follows a noncentral F distribution with (g, n - r) degrees

of fieedom @) and noncentrality parameler 4, -d under Ho, I* follows a central F

distribution with ( q, n - r) ilf, wtfri

^i=
(H,p, - 4)'(H p;' ni)' Gt,B,-4)

(s)o'
Here, we assumed that P(F < x)= Gr,,_,(x; Af ) wittr Go.,_,(x;L?) is the cdf of a

noncentral F distribution with (4, n - r) df and notcentrality paramete. {. ,*, o, *"
2

noncentral I, distribution is found Pratikno [5] .

3. The Power ofthe Tests

Following Pratikno [5], we represented the power of tbe UT, the power of the RT and
the power of the PTT for testing the above hypothesis on a subiet of the regression
parameters as follows.

3.L The power of the UT

Following Pratikno [5], the formula of the UT is already derived as below, we
then now used this fomula to compute tlre power on generate simulation ilata

7r* Q) - P(Lw ' Fr.o.n_,1M,) =l- P(4' 3 F,,.,.,_, _C\,\

-l- P(I{ < Fo,.r,,_, - k,,€r) (6)

where Q, -- $t4'l'trJ'tl.,),r, = H,(X,X,). H;,(, = ( ).tr,lj(,l) -d k, = 3- .qs* - qs'_

3.2- The power of the RT

Similarly, we follow Pratikno [5], the formula of the RT is presented in the
equation (7).

1r^' (7) - P(L^' , 4,,r,_,1M,) = P(LI, > F,,.r.,-, -{\)
- I - P(Lr' 3 Fo,., n_,- q ) = I - ,P( 4' 3 Fo,.,.,_, - k,(,)

(7)

where, Q = 4 t4),1r,1' $), r, = H,(X',X,). H,, (, = (t'),tr,l-' (A) and k 
" 

= \ .Qs, ., 
Cs;

3.3. The power ofthe PTT

lnternational Journal ol Advanced Science and Technology
Vol. 29, No. 6. (2020). pp. 3274 - 3279

ISSN: 2005-4238 TJAST

Copyrioht O 2020 SERSC 3276



lnternational Journal ol Advancsd Science and Technolooy
Vol. 29, No. 6. (2020), pp. 3274 - 3279

ln tbe similzr way, fd)owitg Pntikno [5], tbe fonnula of the PTT is then given ia
the equation (9).

nPn VL) = p\f < F, o,- Ji' > F,,.q r-, I M,\ + p(f >_ F 
",.q 

n,, Lo u F r,, n, I M,)

=P\II <Fn.rnlpll:r >F"..q.._,1+d,,(a,b) (9)

=l - p(r > F",.r,*"\l p [f > F,,o_,f+ il,,(a,b)

where, a = {,.r., -" - 
grtl,rlty 

r|t (1r) = F,,r,-, -kre 2, ard d,. (a.b) is bivariate F- 
QSn

probability integral and dr,(a,b) is defined as

dr(o

with b = F,,,",,_, -f)", . The integral f(Fn,Fw)dFndFr is the cdf of the

correlated bivariate noncertral F disaibution ofthe UT and PT (Amos and Bulgren, [8]),
and it is computed wing R-<ode.

4. A Simulation Study

Refening to Pratikno [5], a simulation was conducted using the generate random data
using R. The independent variables (x1, j:1, 2, -r) weae generated fiom the uniform
distribution (n:100). The error vector (e) was generated fiom the normal distribution
(z=/00). The MRM is then used by setting different p, and ir is defined as 0,: (9n,0,), p2: (Fa Fr) witt c = 0.05. The graphs for the power are computed using the formulas in the
equations (6), (7) and (9).

li);- I. \', =5. \:z-25.B--1 . tdz -Z (ii)!= 1 \.- 4 . \.245 ..t..2 . ?,z-2

,q =ij f {rn,r' ldFn dF* =vij rv*,r* ldFn dF* soy
ob 0o

II
00

e

3a,IE,

:

=

IEll!

e

$ 100 tso 2fi 50 roo r50 200

Figtrre l: Power of the UT, RT and PTT against (r for some selected p, (2,

degrees of freedom and noncentrality parameters.

Figure l- showed that the power of the UT is lower than both RT and pTT. It starts
from a very small value (0.05 as minimum value) and slowly increases. The power of the
RT reaches quickly to I for large fi . It is clear (see Figure I .) that the power of the pfi
depends on three parameters, narnely 6, iz and p , and the pTT is always larger than that

.::

ssN:2005-4238 TJAST

Copyrioht O 2020 SERSC 32't'7



lnternational Journal ot Advanced Science and Technology
Vol. 29. No. 6. (2020), pp. 3274 - 3279

of the UT and tends tobe the same zs of r}e RT. We ten conclude tlat the PTT is rnore
eligible test arnong them.

5. Conclusion

The result showed that the power of the RT and PTT are always greater than UT, but
the lnwer of the W tend to * )arger or tlrc same thaa RT. We then corrclude that tIrc
PTT is more eligible test among them.
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