Journal of the Nigerian Association of Mathematical Physics
Volume 33,(January, 2016, pp 125 - 128
© J. of NAMP

Development of Testing Ordered Mean Against a Control Under
Heterogeneous Variance

1Abidoye A.OZJolayemi E.TS3Sanni O.0.M and'Oyejola B. A

Department of Statistics, Faculty of Physical Science, University of llami llorin,
Nigeria.

Abstract

Comparison of more than two population means basau
independent random samples is common in researdemffound
in Medicine, Agriculture and Social sciences. Mosft the earlier
works that have addressed the problem of testingiadity of
means assume homogeneity of variances across tleigs being
compared. However, when the variances are uneqtia¢ pooled
sample variance overestimates the appropriate vac@ and the
test statistic become conservative. This is thel Webwn Behrens
— Fisher problem. There is therefore the need teek for an
alternative sample mean variance better than theofea variance.
The harmonic mean of variances was found to be betand
therefore it being proposed as an alternative t@ thooled sample
variance when there is heterogeneity of varianc&be interest of
this research work is to develop a suitable testqgadure based on
the harmonic mean of variance to address heteroggneof
variance. We are proposing an hypothesis testinghtéque for
testing ordered alternatives under heterogeneousgiarce for
testing g ordered mean when one of this mean ismgetonsidered
a control (standard) with the objective of a progad of a test
statistic for testing equality of means against ekdtional
alternative in the presence of heterogeneity of iaaice. In this
study, the use of harmonic mean of sample variance
demonstrated with a practical application. The tdsshows that
the proposed t — test statistic is found to be ajgprate for the
data set obtained from the specific example conside in
demonstrating this test procedure.

Keywords: Ordered alternative, t — test statistic, variartegterogeneity, harmonic mean of
variances, a control

1.0 Introduction

Application of directional alternative hypothesésting may also be found in industry. Industryne of the
factors that contribute to the economy growth efitlation especially in Nigeria. One of the facteeswant

to look into in Nigeria is Coca — Cola bottling cpamy. Coca — Cola drink is one of the oldest dhefore
other product is being produce by company, suddymt include Can Coca — Cola, Can - Fanta, Limca,
Sprite, Schweppes , etc. In this work, we warlbtk at Can Coca — Cola products by comparing afet
mean sales, where they are expected to appegpartiaular order, but specifically the situationemhone

of them (the mean sale) serves as a control (stanéta other. In particular, i,'u i represents the mean of
population i,
i=1,..., g, the problem is to test the hypothesis



Hy: gy =p,=.=p, =/, vs H oy <p,<..Sp,  <pu,

M, =max u,
Where isise "' is the control mean from thé gpopulation. By the term control, we mean that all

other g-1 means are compared agz’ugtln other Words,’ug serves as the basis of comparison against the
! <i<g-—
other’ul s, I<i<g 1.

Comparing more than two population means, basedndapendent random samples is a common
occurrence in the fields of research. Several asthave provided adequate literature in this araahe

use of Analysis of variance (ANOVA). [1 — 4].

However, in many experimental situations, one @& thtreatments is a control and the analyst may be
interested in comparing each of the other g —dttment means with the control. Thus, there are gniyl
comparisons to be made [4]. A procedure for makivese comparisons was developed by Dunnett [5],
which is a modification of the usual t — test.
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The test problem similar to the above could alsddasd in other disciplines such as Engineering and
Technology, Economics, Politics and Humanitiestegt procedure to investigate such cases is prdgnse
this paper. The test procedure to handle the cionttoch is the minimum, can be handled by the tiega

of the strict inequality. That i:'{li would be the minimum in the hypothesis set abMany authors have
worked in this area[1, 6 — 14].

2.0  Methodology
In this section we are interested in developinguitable test procedure to test the hypothesisniggi
ordered mean when one this mean is being considsraccontrol (standard).

2
ot Xi ~ N, 07)

L wherei=1,2,...,0 and j=1,2, i, Dis
(2.2)
The hypothesis testing to be consider for thispgestedure is
Hyipy=py ==ty =1, Vs Hyipy Spy <.Sp < p,
(2.2)
Mg =max, | o is .
Where Isi<g being the control. Also consider a combinatibamy of the’ ", i=1, 2, ..., g-

1 and Mg and define

5l :ﬂl _ﬂg ................................................................................................
(2.3)
Then Hi < Hy if and 0n|yif5i <0 V,i=l2...g-1

Therefore, the hypothesis of (2.2) now becomes

H,:max 0, <0

Hy:6,=0 V,i=12,..g-1 against ISISETL e,



(2.4)
The unbiased estimate % is
=X -X,
5. ~ N[5, V(5)]

ThErEfOre, 1 i s

2.5)
Where,V(é‘i):V(Xi _Xg)
=V(X)+V(X,)
_ol %
n, n,
. n+n, )\ ,
Var(&i)=£ : ]O‘H
n.n
! g -----------------------------------------------------------------------
(2.6)
2 2

. O /
where ' ¢ foratleastone’ © €
The test statistic for the hypotheses set in eqndfl.2) is therefore

(2.9)
where 2 is the appropriate normalization from order statisThe null hypothesis is then rejected if

P(t: :/1£>t*J:P(t: = U, >t*)
Z
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(2.10)

where l, is the regular t- distribution with r degrees i@&ddom is given by



t, T
1 1 2
sl
nl ng ------------------------------------------------------------------------------------
(2.12)
2 2
becaus S has approximately tr% - distribution with the degree of freedom r to kedestmined from r

_ (n-g)’°

= 22.096 + 0.266(n-g) - 0.000C>" and explain it very well [7]. If the alternativgothesis Hin
equation (2.11) is reversed.

Then

max()?g -X,)

3.0

Data Analysis
Practical situations where this test procedurgjdieable are presented in this section. The da2oca —
cola and other brands was found in Coca — colditgpttompany Plc, llorin, Kwara State.

3.1 Data Presentation and Analysis

The data used in this work considered sales oftfipes of Can Coca- Cola. The data is a
secondary data, collected from Coca — Cola bottimmpany Plc, in Kwara State, covering the
period of four quarters of the year 2014 (Januar@écember).

Table 3.1:Quarterly Sales of five different can Coca — Colayottling company Plc in Kwara State, in the

year 2014,

Type of can Coca-cola | First quarter(Q1) | Second quarter(Q@) | Third quarter(Q 3) | Four quarter(Q 4)
Coca- cola (control)(a) | 7,814 10,904 11,616 12,032

Coca- cola zero(b) 01 293 1,441 236

Fanta orange (c) 4,155 4,846 4,202 5,719
Schweppes ok (d) 2,172 1,929 1,723 2,367

Sprite (e) 1,690 1,413 1,139 1,689

We first verified the equality of the variancesvibet¢n these quarterly sales. We adopted Leven'sThst
result is shown in table 3.2. Our result indicafed value of 0.034. Thus the

Variances are not equal. Hence, the regular ANOY&@dure cannot be used for the analysis.

Table 3.2:Levene test for equality of variances
Levene Statistic dfs df,

3.473 4 15

P — value
0.034

Response
Computations
From the data set on sales of cans coca — cofadoiquarters in one year (2014), the following
summary statistics were obtained:

Y, =10,591.5, S;

Coca cola (control): ~ () (@)

=1,909.35, n,, =4

_ 2 _

Coca — cola zero: Yo =492.75, S, =0644.67, ng, =4
_ - ~

Fanta Orange: Y(C) =4730.5, S(C) =730.52, Ry = 4

\a 2
Y., =2047.75, S, =281.02, ng, =4
4

Schweppes ok:



\a 2
Sprite: Y(e) =1482.75, S(e) =263.64, Ay =4

Then consider the following differences;
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Yy, — ¥, =—-10098.75

© — Y., =—5861
Y, — Y, =-8543.75
Y, — Y, =-9108.75

e (a)

max (X =X () =X —X,)=-5861

5 5
=1

-1
, (101
n=3n =20, SH={§Z?] = 463.16

with n=4,9g=5, i ; i=l 9 ; S, =21.521
o380 _3g5144
21.521 l+l
4 4
Now p- value = P =1, >1,)= P(tr > tcal)
= P(z, >385.144)
= 0.0001<0.05

r=22.096 + 0.266(n —g) — 0.000029(#-g)

=26.453
This led to rejection of kHand concludes that the effect of the control andhles of can coca- cola on the
sales other products of coca — cola is higher pecizd.

4.0 Conclusion

It has been established in this work that testipgjrest ordered treatment means where one of therent
is a control has practical application in many apédife. We can observed from the coca- cola kottl
company that the convention product of can cocala till have highest sales compare with othedpco
as we expected.
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