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Abstract

In this paper we want to compare the conventional t —test with proposed t — test and see
which one gives better results between the two when we have unequal variances. The
harmonic mean of variances was proposed as an alternative to the pooled sample
variance when there is heterogeneity of variances. However, when the variances are
unequal, the pooled sample variance overestimates the appropriate variance and the test
statistic becomes conservative and this is well known Behrens — Fisher problem.

The result shows that the proposed t — test statistic is found to be appropriate than
conventional t — test statistic for the data set obtained from Kwara Agricultural
Development Project (KWADP) when we have unequal variances and conventional t —
test perform better when we have equal variances with the set of data obtained from

Ministry of Agriculture in Kwara State .

Keyword: Equality of means, t — test statistic, harmonic mean of variances, heterogeneity of variance, constant
variances.

1. INTRODUTION

The two — sample t — test is used to determine if two populations’ means are equal or not equal. A common application is to
test if a new process or treatment is superior to a current process or treatment. The data may either be paired or not paired.
Then by paired, we mean that there is a one — to — one correspondence between the values in the two samples. That is, if

X Xy X and Y, Y, .Y, are the two samples, then X corresponds to Y, . For paired samples, the difference X - Y,

is usually calculated. Then, for unpaired samples, the sample sizes for the two samples may or may not be equal [1 - 5].

A test statistic is a statistic used in statistical hypothesis testing. A hypothesis test is typically specified in terms of a test
statistic, considered as a numerical summary of a data set that reduces the data to one value that can be used to perform the
hypothesis test. In general, a test statistic is selected or defined in such a way as to quantify, within observed data, behaviors
that would distinguish the null from the alternative hypothesis where such an alternative is prescribed or that would
characterize the null hypothesis if there is no explicitly stated alternative hypothesis [6 — 9] .

An important property of a test statistic is that its sampling distribution under the null hypothesis must be calculable, either
exactly or approximately, which allows p — values to be calculated. A test statistic shares some of the same qualities of a
descriptive statistic and many statistics can be used as both test statistics and descriptive statistics. However, a test statistic is
specifically intended for use in statistical testing, whereas the main quality of a descriptive statistic is that it is easily
interpretable. Some informative descriptive statistics, such as the sample range do not make good test statistics since it is
difficult to determine their sampling distribution. At — test is appropriate for comparing means under relaxed conditions [3,
7,10 - 14].

2.0 METHODOLGY
2.1 The Procedure for Proposed T -Test Statisic

We proposed a test statistic to test the hypothesis:
H, @ = b, against Hy &gy # 1, @1

and the residual value is ; ~ N (0,0'iz) i =12. and j=12,...,n, under heterogeneity of variances.

2 2 2
Then Xy ~ N(44,067) andset O1 7 O2-Where Xy are the observed values.
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The unbiased estimate of (z, — 11,) = (X, = X,) =Y 2.2)
where X1 X2 are the sample means for groups 1 and 2 respectively.
V(Y) =Var[X; - X,]
_oi, o
TSSO PR R R RO RO PPPPPRRRPRPRPRPON (2.3)
2 2
bUtY=(X1—X2)~N(,ul—,uz,i—l+2) ............................................. 2.4)
1 2

2.2 Distribution of Harmonic Variance

Abidoye [6] showed that o-f' harmonic mean of group variances better represents series of unequal group variances and is
2
" It was also shown that the sample distribution of Sk is approximated by the chi — square distribution.
- = n, +n
Y =(X; = X,)~ N(y _,uzao-fq (172))
L T T T U U PR TR TR R R PR RO TR (2.5)

estimated by S/,

t=—

L (2.6)
where
L O O 2.7)
and
. f.(iin} ........................................................................................ (2.8)

nl nZ
Now p-value= P(t=t, >t_,)
............................................................. 2.9

where t; is regular t — distribution and r is the appropriate degrees of freedom for the t — test .
2.3 The Procedure For Conventional T - Test Statisic
We set the conventional t — test statistic to test the hypothesis
Hotan=pyagainst Hytpn # gty (2.10)

and the error term is e; ~ N (0,6%) i=12. and j=12,.,n withconstant variance and is the homogenous variances

2 2
Then X, ~ N(x,07) andset @1 = O2-Where X are the observed values.

The unbiased estimate of (,, — 1,) = (X, - X,) =Y @2.11)
where XXy are the sample means for groups 1 and 2 respectively.
V(Y) =Var[X, - X,]
_o L%
D e e, (2.12)
2 2
but vy = (X, - X,) ~ N(z4, — sy, 2+ + 22
Xy =X,) ~ N - 1, . nz) .................................................... (2.13)

2.4 DISTRIBUTION OF POOLED VARIANCES
The pooled variance is defined as S 5 which represents series of equal group variances. It was also shown that the sample

distribution of S ﬁ is approximated by the chi — square distribution. where g2 _ (0, ~1)S! +(n, -1)S;
P
n+n,—2

- n,+n
Y =(X;=X;) ~ N(g _ﬂzrsg(¥))

e (2.14)
Consequently, the test statistic for the hypotheses set in equation (2.1) is
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=7
L (2.15)
wherfi B
Y = K K (2.16)
and
- s;[i i] ...................................................................................... (2.17)
1 n2
Now p-value= P(t=t, >t_,)
................................................................. (2.18)

where t; is regular t —distribution and r is the appropriate degrees of freedom for the t — test .

3.0 DATA ANALYSIS

In this study, the data used were secondary data, obtained from Kwara Agriculture Development Project (KWADP), llorin,
Kwara State. They were extracts from her Agronomic Survey Report for ten consecutive cropping seasons, covering the
period 1998 — 2007. See Abidoye (2012).

Table 3.1: Showing yields of maize for ten years (1998 — 2007).

Years 1 2 3 4 5 6 7 8 9 10
Zone A 2.5 2.9 1.7 2.8 1.8 2.9 3.6 3.8 2.9 3.2
Zone B 6.8 10.2 0.3 45 2.1 3.8 1.2 3.3 0.9 9.3

Computation on Proposed t — test statistic
Computation on maize: From the data above the following summary statistics were obtained:

Zone A: Y_A = 2.81, Si =0.4588,n, =10
Zone B: Yg =4.24,S5 =12.147,ng =10

We need to verify the equality of the variances between these two zones. That is, testing the hypothesis;
. 2 _ 2 . 2 2
Hy:0of =0, [ Hyio5 =03

2
F = Sz _
- 2 (n,—1,n;—1,x)
1
_12.147 _ 55 4756
0.4588

Since Fea = 9.453 > Fg9,(0.05=3.18 we do not reject Ho and therefore conclude that the two variances are not equal.
-1
— — 2 J—
In the above dataset, I, =10, g=2. [ _yn _20 g2 :[lzl] S,, =0.9403
i=1

2

g—s

The hypothesis to be tested is

= Xa=Xe ~t
Ho g = g vsH, @ a1, < pig;0f 0} s (1.1
i nl r-]2
B —1.430 _ —1.430
©0.42051
0.9403 [ 1+ 1
10 ' 10

=|-3.4006| =3.4006
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Nowp-value= P(t" =t, >t_,)=P(t, >t_,)
= P(t, > 3.4006)
=0.02393 < 0.05
This leads to the rejection of the null hypothesis, Ho and we conclude that the mean yields of maize in the two zones are

significantly different.
Computation on Conventional t — test statistic

_ (nA _1)S/§ +(nB _1)S§

In the above data set, N, =10, g=2, n:ini — 20 52 =6.3031
= , n,+ng—2
The hypothesis to be tested is
tr = XA —X B ~t
. _ . L 2 2 r
HO'/uA_:uBVSH1-:UA</uB1O-1 =0; S i—ki
° r‘l n2

—1.430 ~ —1.430
1 1 j 1.1228

2.5106 || —+-—
10 10

=|-1.2736| =1.2736

Now p-value= P(t* =t, >t_,) =P(t, >t_,)
= P(t, >1.2736)
=0.08789 > 0.05
This leads to the non- rejection of the null hypothesis, Ho and we conclude that the mean yields of maize in the two zones are
not significantly different.
Also in this study, we make used another data, obtained from the Ministry of Agriculture in llorin, Kwara State which were

secondary data, covering the period 2000 — 2010.
Table 3.2: Showing yields of Sorghum for ten years (2000 — 2010).

Years 1 2 3 4 5 6 7 8 9 10
Zone A 0.9 0.7 0.8 0.6 0.9 0.9 0.7 0.8 0.8 0.9
Zone B 0.6 0.5 0.7 0.4 0.7 0.8 0.6 0.6 0.6 0.68

Computation on Proposed t — test statistic
Computation on sorghum: From the data above the following summary statistics were obtained:

zoneA: Y, =0.8,S2 =0.011,n, =10

a . B
sone Yo = 0.62,SZ2 =0.013,n; =10

In the above data set, N, =10, g=2, n:ini 20 g :[12 1]1 S, =0.1092
, "ol e

i=1
’

The hypothesis to be tested is

tr = Xa—Xe ~t
nl n2
B 0.18 _ 0.180
0.04884
0.1092 i—|—i
10 10
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-3.6855
Nowp-valie= P(t* =t, >t_,) =P(t, >t_,)

= P(t, > 3.6855)

=0.02393 < 0.05
This leads to the rejection of the null hypothesis, Ho and we conclude that the mean yields of sorghum in the two zones are
significantly different.
Computation on Conventional t — test statistic

2 n, —1)S; +(ny, -1)S;
In the above dataset, N, =10,9=2, n=>"n, =20 S;z( » =S4+ (s =S, =0.01201
) n,+ng—2
The hypothesis to be tested is
o Xa=Xe
Ho ptn = tlgvs H, 2 g1, < g1 .67 = o7 B '
0 Ha BVsH, . tp < U0 =0, S 1r,1
i r-]1 r]2
B 0.18 _0.180
0.04901
0.1096 i+i
10 10

=3.6727
Nowp-value= P(t" =t >t_,) = P(tr > tcal)

= P(t, >1.2736)
=0.03252<0.05

This leads to the rejection of the null hypothesis, Ho and we conclude that the mean yields of sorghum in the two zones are
significantly different.

4.0 CONCLUSION

The result of analysis shows that proposed t — test statistic is perform better when we have unequal variances in the data
because the data of maize used indicate that it contribute significantly different which mean it leads to the rejection of the
null hypothesis. But under conventional t — test statistic, the test statistic do not perform better because it leads to the non —
rejection of the null hypothesis. In a situation when we have equal variances in the data, both test statistic perform better
which indicate that both tests contribute significantly different which mean it leads to the rejection of the null hypothesis.
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