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8.1.5: Additional Information on Hypothesis Tests

o In a hypothesis test problem, you may see words such as "the level of significance is 1%." The "1%" is the preconceived or
preset o.

o The statistician setting up the hypothesis test selects the value of a to use before collecting the sample data.

o If no level of significance is given, a common standard to use is o = 0.05.

o When you calculate the p-value and draw the picture, the p-value is the area in the left tail, the right tail, or split evenly between
the two tails. For this reason, we call the hypothesis test left, right, or two tailed.

o The alternative hypothesis, H,, tells you if the test is left, right, or two-tailed. It is the key to conducting the appropriate test.

e H, never has a symbol that contains an equal sign.

o Thinking about the meaning of the p-value: A data analyst (and anyone else) should have more confidence that he made the
correct decision to reject the null hypothesis with a smaller p-value (for example, 0.001 as opposed to 0.04) even if using the
0.05 level for alpha. Similarly, for a large p-value such as 0.4, as opposed to a p-value of 0.056 (« = 0.05 is less than either
number), a data analyst should have more confidence that she made the correct decision in not rejecting the null hypothesis.
This makes the data analyst use judgment rather than mindlessly applying rules.

The following examples illustrate a left-, right-, and two-tailed test.

Example 8.1.5.1

Hy:p=5H,: p<5

Test of a single population mean. H, tells you the test is left-tailed. The picture of the p-value is as follows:

p-value

Figure 8.1.5.1

Exercise 8.1.5.1

Hy:p=10,H, : p <10
Assume the p-value is 0.0935. What type of test is this? Draw the picture of the p-value.
Answer

left-tailed test

p-value

x|

10
Figure 8.1.5.2

Example 8.1.5.2

Hy:p<0.2,H,: £ <0.2

This is a test of a single population proportion. H,, tells you the test is right-tailed. The picture of the p-value is as follows:
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p-value

Figure 8.1.5.3

Exercise 8.1.5.2

Hy:u<1,H,:p>1
Assume the p-value is 0.1243. What type of test is this? Draw the picture of the p-value.
Answer

right-tailed test

p-value

x|

Figure 8.1.5.4

Example 8.1.5.3

Hy:p=50,H,: pu#50

This is a test of a single population mean. H, tells you the test is two-tailed. The picture of the p-value is as follows.

1y AL s
5 (p-value) > (p-value)
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50
Figure 8.1.5.5

Exercise 8.1.5.3
Hy:p=05H,: un#0.5
Assume the p-value is 0.2564. What type of test is this? Draw the picture of the p-value.

Answer

two-tailed test
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Figure 8.1.5.6

The hypothesis test itself has an established process. This can be summarized as follows:

1. Determine H and H,. Remember, they are contradictory.

2. Determine the random variable.

3. Determine the distribution for the test.

4. Draw a graph, calculate the test statistic, and use the test statistic to calculate the p-value. (A z-score and a t-score are examples
of test statistics.)

5. Compare the preconceived a with the p-value, make a decision (reject or do not reject Hp), and write a clear conclusion using
English sentences.

Notice that in performing the hypothesis test, you use  and not 8. 3 is needed to help determine the sample size of the data that is
used in calculating the p-value. Remember that the quantity 1— /3 is called the Power of the Test. A high power is desirable. If the
power is too low, statisticians typically increase the sample size while keeping a the same.If the power is low, the null hypothesis
might not be rejected when it should be.

Exercise 9.6.8

Assume Hy : p =9 and H, : p < 9. Is this a left-tailed, right-tailed, or two-tailed test?
Answer

This is a left-tailed test.

Exercise 9.6.9

Assume Hy : 4 <6 and H, : > 6. Is this a left-tailed, right-tailed, or two-tailed test?

Exercise 9.6.10

Assume Hy : p=0.25 and H, : p # 0.25. Is this a left-tailed, right-tailed, or two-tailed test?
Answer

This is a two-tailed test.

Exercise 9.6.11

Draw the general graph of a left-tailed test.

Exercise 9.6.12

Draw the graph of a two-tailed test.

Answer
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Figure 8.1.5.16

Exercise 9.6.13

A bottle of water is labeled as containing 16 fluid ounces of water. You believe it is less than that. What type of test would you
use?

Exercise 9.6.14

Your friend claims that his mean golf score is 63. You want to show that it is higher than that. What type of test would you use?
Answer

a right-tailed test

Exercise 9.6.15

A bathroom scale claims to be able to identify correctly any weight within a pound. You think that it cannot be that accurate.
What type of test would you use?

Exercise 9.6.16

You flip a coin and record whether it shows heads or tails. You know the probability of getting heads is 50%, but you think it is
less for this particular coin. What type of test would you use?

Answer

a left-tailed test

Exercise 9.6.17

If the alternative hypothesis has a not equals ( # ) symbol, you know to use which type of test?

Exercise 9.6.18

Assume the null hypothesis states that the mean is at least 18. Is this a left-tailed, right-tailed, or two-tailed test?
Answer

This is a left-tailed test.

Exercise 9.6.19

Assume the null hypothesis states that the mean is at most 12. Is this a left-tailed, right-tailed, or two-tailed test?

Exercise 9.6.20

Assume the null hypothesis states that the mean is equal to 88. The alternative hypothesis states that the mean is not equal to
88. Is this a left-tailed, right-tailed, or two-tailed test?

Answer

This is a two-tailed test.
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Glossary

Central Limit Theorem
Given a random variable (RV) with known mean p and known standard deviation o. We are sampling with size n and we are
interested in two new RVs - the sample mean, X , and the sample sum, Y X . If the size n of the sample is sufficiently large,

then X — N (,u, %) and > X — N (nu, \/no) . If the size n of the sample is sufficiently large, then the distribution of the

sample means and the distribution of the sample sums will approximate a normal distribution regardless of the shape of the
population. The mean of the sample means will equal the population mean and the mean of the sample sums will equal n times

the population mean. The standard deviation of the distribution of the sample means, %, is called the standard error of the

mean.
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