Chapter(12)
Two-Samples Tests
of Hypothesis

(Examples)
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Step (1): State the null (H,) and alternate (H;) hypothesis
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Step (2): Select a level of significance.
Step (3): Select the Test Statistic (computed value)
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Step (5): Formulate the Decision Rule and Make a Decision
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Example (1)
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FC > F(V1V2,05)

Lammers Limos offers limousine service from the city hall in Toledo, Ohio, to
Metro Air port in Detroit. Sean Lammers, president of the company, is considering
two routes. One is via U.S. 25 and the other via I-75. He wants to study the time it
takes to drive to the airport using each route and then compare the results. He
collected the following sample data, which is reported in minutes.

Route Sample mean Sample Standard deviations Sample size
Route 25 58.29 minutes 8.9947 minutes 7
Route i-75 59minutes 4.3753 minutes 8

Using the 0.10 significance level, is there a difference in the variation in the
driving times for the two routes?

Solution:

Step 1: State the null hypothesis and the alternate hypothesis.
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Hy: 012 = 622
H,; :012 # 622
This is two-tailed test

(Note: keyword in the problem “is there a difference”)
Step 2: Select the level of significance.
a = 0.10 as stated in the problem , o/2 =0.05
Step 3: Select the test statistic.
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Step 4: Formulate the decision rule.
F( a) = F(6,7,0.05) = 387

Viva2 5
F ! ! 0.24
a\ = = = = U.
vivel=7) F oy F 4.21
( 2) (V2V1'3) (7,6,0.05)
F Table for alpha=.05
w2 Vi
1 2 3 4 5 6 7 8 9 10 12
1 | 16145 ) 19950 | 21571 [ 22458 | 230.16 | 233.99 | 23677 | 235.88 | 240.54 | 241.85 | 24391
FJ 1851 | 19.00 ( 19.16| 19.25| 19.30 | 19.33 | 19.35| 19.37| 1938 | 1940 | 1941
3 | 1013 955| 928 912 9o01| 894| 889| s85| ss1| 879| 874
4 7.7l 6.94 6.59 65.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91
5 6.61 5.749 5.41 5.19 5.05 4.95 8 4.82 4.77 4.74 4.68
6 5.99 5.14 476 453 4.39 _,_éL_ZL 4.2 4.15 4.10 4.06 4.00
7 5.59 4.74 4.35 4.12 3.97 ( 3.87 y 3.79 3.73 3.68 3.604 3.57
8 5.32 4.44 4.07 3.84 3.69 | 358 3.50 3.44 3.39 3.35 3.28
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 314 3.07
10 4.96 4.10 371 3.48 3.33 3.22 3.14 3.07 3.02 298 2.91
Step 5: Make a decision and interpret the result.
Reject Hy if F > Fo, F, > Fyos6, = 3.86
PRER:
Or
1
F.<F a,, =——=024
2 F
—Vo,




e | £

The decision is to reject the null hypothesis, because the computed
F-Value (4.23) is larger than the critical value (3.87). We conclude that there is a
difference in the variation of the travel times along the two routes.



Definition:

of Vet [ARIOVE

Wy ANOVA

Analysis of variance is a general method for studying sampled-data
relationships. The method enables the difference between two or more sample
means to be analyzed, achieved by subdividing the total sum of squares.

Basic idea is to partition total variation of the data into two sources:

1. Variation within groups.
2. Variation between groups.

One way ANOVA is the simplest case.

Assumptions

« The populations from which the samples were obtained must be normally
or approximately normally distributed.

« The populations must be independent.

« The variances of the populations must be equal

Data frame:
1 2 S (R K Total
1 Y11 Y21 ....... Y|1 Y k1
2 Y12 Yzz ........ Y i2 Y k2
j Ylj Yzj ....... Y ij Y kj
n Y1n an Yln Y kn
Sum Y1 Yo | Y; Y Y
Mean Y, Y, Y3 Y Y

Y : The jth sample observation selected from group or population i

n; : The number of sample observations selected from population i

n : The total sample size (n = ny +n, +

Y. : The sum (total) of the sample measurements obtained from population i.

Y.. : The grand total.




Step (1): State the null and alternate hypotheses:

Ho: i1 = M2 = M3 =........ =u
H,: At least one of the K- population means different from the rest.

Step (2): Select the level of significance (o)
Step (3): The test statistic
Because we are comparing means of more than two groups, use the F
statistic.
The F test statistic is found by dividing the between group variance (MSB) by
the within group variance (MSW).

. MSR SSR/K-1
€ MSE SSE/n-K

SSR: Sum of Squares Between groups. (This variation due to the interaction
between the samples)

SSE: Sum of Squares Within groups. (This variation due to differences within
individual samples).

SST: Total Sum of Squares. (The total variation is comprised the sum of the
squares of the differences of each mean with the grand mean)
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SSE = SST - SSR

Step (4): The critical value:

The degrees of freedom for the numerator are the degrees of
freedom for the between group (k-1) and the degrees of freedom for the
denominator are the degrees of freedom for the within group (n-k).

F(a , K-1,n-k)
Step (5) : Formulate the decision Rule and make a decision
Reject H,

It Fo > F k-1n-x)
It is convenient to summarize the calculation of the F statistic in (ANOVA Table)




ANOVA TABLE

Source of variation | Sum of Squares | Degrees of Mean Squares F- ratio
(S.V) (S.S) freedom (MS)
Between groups SSR K-1 MSB =SSR/K-1 F=MSB/MSW
Within groups SSE n-K MSW = SSE/n-k
Total SST n-1
Example (2):

Recently a group of four major carriers joined in hiring Brunner Marketing
Research, Inc., to survey recent passengers regarding their level of satisfaction
with a recent flight.

The survey included questions on ticketing, boarding, in-flight service, baggage
handling, pilot communication, and so forth. Twenty-five questions offered a range
of possible answers: excellent, good, fair, or poor. A response of excellent was
given a score of 4, good a 3, fair a 2, and poor a 1. These responses were then
totaled, so the total score was an indication of the satisfaction with the flight.
Brunner Marketing Research, Inc., randomly selected and surveyed passengers
from the four airlines. Is there a difference in the mean satisfaction level
among the four airlines? (Construct the ANOVA table)

Use the .01 significance level.

Eastern TWA Allegheny Ozark

94 75 70 68
a0 68 73 70
85 77 76 72
a0 83 78 65
88 80 74
68 65

65

Solution:

Step 1: State the null and alternate hypotheses.

Ho! e = Ha = M1 = Ho

H1: The means are not all equal
Step 2: State the level of significance.

The .01 significance level is stated in the problem.

Step (3): Find the appropriate test statistic.




_ MSR_ SSR/K-1
~ MSE SSE/n—K

C

SSE = SST — SSR =1485.09 -890.68 =594.41

F =

MSR SSR/K—1  890.68/4 — 1

Step (4): The critical value:
The degrees of freedom for the numerator = K-1 =4-1=3
The degrees of freedom for the denominator = n-K =22-4 =18

MSE  SSE/n—K 594.41/22 — 4

= 8.99

Fio, x-1.n-x) = Foo01, 318)=5.09

9

Individuals Groups ( Populations)
(Observations) E T A (o) Total
1 94 75 70 68
2 90 68 73 70
3 85 77 76 72
4 80 83 78 65
5 88 80 74
6 68 65
7 65
Sum (Y;) Y,=349 | Y,=391 Y3=510 Y, =414 3Y;=V..=
1664
n 4 5 7 6 22
Mean Y, =87.25 | Y,=78.2 Y;=72.86 Y, =6969
2 Y--Z 2 2 2 166 ’
SST =) VZ—= = (94 + 907 4 -+ 65%) — ( —_— | = 1485.09
k
SSR — Y2\ Y? (3497 N 3912 5102 N 4142 16642
B .\ ny n \ 4 5 7 6 22
1=
= 890.68



Step (5): State the decision rule.

Fc > F.01,318)
Reject Hy
The computed value of F is 8.99, which is greater than the critical value
of 5.09, so the null hypothesis is rejected.
Conclusion: The population means are not all equal. The mean scores
are not the same for the four airlines; at this point we can only conclude
there is a difference in the treatment means. We cannot determine
which treatment groups differ or how many treatment groups differ,

ANOVA TABLE

(S.V) (S.S) DF (MS) F- ratio
Between groups SSR = K-1=4-1=3 MSR =SSR/K-1= F = MSR / MSE

890.68 890.86/3 = 296.95 | =296.95/33.02 =
Within groups SSE = n-K =22-4 =18 MSE = SSE/n-k = 8.99

594.41 594.41/18 =

33.02

Total SST n-1=22-1=21

=1485.09
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