[image: image1.png]Class Exercises for Unit #27
Previously Created Lists to be Used: SOP, ALT, TEN, BAS

Definitions
Data consisting of £ independent simple random samples of observations of a
quantitative variable can be represented as follows:

11 Mg e Xy ;1 is the sample mean, and 512 is the sample variance.
¥gp Xy e Xy Xy is the sample mean, and s,? is the sample variance.
g1 Vg e Xy ;k is the sample mean, and 57 is the sample variance.

n, = total sample size = n +n,+ ... +n,
Xk = grand mean = mean of all 7, observations combined
Fisher’s ftest about differences among more than two means
The H, states that p, = p, = ... = .

The H, states that at least one mean (,) is different.
a measure of variation among sample means

Fisher’s f'statistic is of the form

a measure of variation within samples




[image: image2.png]The H, is rejected when the variation among sample means is sufficiently
larger than the variation within samples, that is when the Fisher’s f statistic is
sufficiently larger than one (1).

When H, is rejected, further analysis is necessary to identify significant
differences among means.

The Fisher’s ftest is based on the assumption that variation is roughly the
same in each population; if not, then altemative tests are available.

(The quantitative variable is the response variable, and the qualitative variable
whose categories define the samples is the explanatory variable.)

Fisher’s fdistribution a distribution based on the ratio of two measures of variation
Table A.4 displays values from various f distributions.
The f distributions
(1) depend on numerator degrees of freedom num df (= k—1 for Fisher’s f statistic)
and on denominator degrees of freedom den df (= n, — k for Fisher’s f statistic);
(2) are positively skewed;
(3) consist only of non-negative values.

one-way analysis of variance (ANOVA)
deriving a test statistic to compare several means by using sums of squares

Calculations are often organized into a one-way ANOVA table:




[image: image3.png]Source  SS df  MS f p-value

between | SSB | k—1 | MSB J ,;7 Lk
Error | SSE | n«— k| MSE
(Note: “between” refers to the

Total SST |n«—1 categories of the explanatory variable.)

between-samples sum of squares (SSB) and mean square (MSB):
SSB=asum of squared differences between each sample mean and the grand mean,
withdf=k—1
MSB = SSB/ (k— 1) provides a measure of the variation between sample means
(If the sample means were all equal, then SSB=MSB =0.)

error (within-samples or residual) sum of squares (SSE) and mean square (MSE):

SSE = asum of squared differences between each observation and the corresponding
sample mean, with df=n. —k

MSE = SSE / (n«— k) provides a measure of the variation between observations
within each sample  (If each sample consisted of observations all equal to

the corresponding sample mean, then SSE= MSE = 0.)

total sum of squares (SST):

SST= SSB+ SSE = a sum of squared differences between each observation and the
grand mean, with df =n.—1 (SST=SSB+ SSE)
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27-2 Consider the SINGERS DATA from Class Exercises for Unit #1. A 0.05
significance level is chosen for a hypothesis test to see if there is any evidence of
a difference among the four voice parts (Soprano, Alto, Tenor, Bass) in the mean
height of singers. We shall treat this data as four independent simple random
samples from populations having roughly the same amount of variation. (The
data for the height of singers among the four voice parts should be stored in lists
named SOP, ALT, TEN, and BAS on your TI-84 calculator.)
(a) Complete the four steps of the hypothesis test by completing the table titled
Hypothesis Test for Class Exercise 27-2. In Step 2, obtain the test statistic on
the TI-84 calculator as follows:




[image: image5.png]Look at the options displayed on the TI-84 calculator after pressing

STAT| » » . Select the ANOVA( option, and notice that ANOVA( appears
on your calculator screen. Type the list names containing the data
separated by commas; that is, press | 2nd | [LIST] and select the list name
SOP, press |9 | | 2nd | [LIST] and select the list name ALT, press |9

| 2nd | [LIST] and select the list name TEN, press |9 | | 2nd | [LIST] and
select the list name BAS, and finally press | ) | [ENTER| .

(b) Considering the results of the hypothesis test, decide which of the Type I or
Type II errors is possible, and describe this error.

(¢) Decide whether H, would have been rejected or would not have been rejected
with each of the following significance levels: (i) o« = 0.01 , (i1) « =0.10 .

(d) Decide which of the following would be best as a graphical display for the data
and say why: (1) multiple box plots, (it) scatter plot, (iit) stacked bar chart.

(e) Complete the one-way analysis of variance (ANOVA) table titled One-Way
Analysis of Variance (ANOVA) Table for Class Exercise 27-2.




[image: image6.png]Hypothesis Test for Class Exercise 27-2

Step 3




[image: image7.png]Analysis of Variance (ANOVA) Table for Class Exercise 27-2

Source SS df MS f p-value
Joice Parts | 1058.53 3 | 352.84 55.8 »<0.001
Error 796.74 | 126 6.3233
Total 1855.27 | 129
SPSS QOutput for Class Exercise 27-2
Descriptives
Height
95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound Minimum | Maximum
‘Soprano 36 64.25 1.873 312 6362 6488 60 68
Alto 35 64.89 2795 412 6393 6585 60 72
Tenor 20 69.15 3216 719 6764 7066 64 76
Bass 39 7072 2.361 378 69.95 7148 66 75
Total 130 67.12 3792 333 66.46 67.77 60 76
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Height
Sum of
Squares df Mean Square F Sig.
Between Groups 1058.529 3 352.843 55.800 .000
Within Groups 796.740 126 6.323
Total 1855.269 129
——
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