
MATH 221, Sample Problems ( 7 )

Chapter 7

7.1 Introduction to Hypothesis Testing

I.  Definitions

A. Hypothesis test: an important process of inferential statistics that uses

samples statistics to test a claim about the value of a population parameter.

B. Statistical  hypothesis: a claim about a population parameter. To test a

statistical hypothesis, a pair of hypothesis needs to be carefully stated;one

representing the claim and the other representing the claim’s complement.

When one of these hypotheses is false, the other must be true. Of the two

hypotheses, one that contains the statement of equality is the null hypothesis.

1. Null hypothesis, H 0 , is a statistical hypothesis containing equality, such

as £ ³, , or =. H 0 Is read as “H sub-zero” or “H naught”.

2. Alternative hypothesis, H a , is the complement of the null hypothesis.

It is a true statement if H 0 is false. It contains a statement of inequality

such as ¹ > <, , .or H a is read as "H sub-a."

II. Examples: state the null and alternative hypotheses and identify which is the claim.

A.  A university claims that the proportion of its students who graduate in four

years is 75%.

H p0 0 75: .= (Claim) H pa : .¹ 0 75
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B.  A car dealer claims that at least 24% of its new customers will return  to

buy their next car.

H p0 0 24: .³ (Claim) H pa : .< 0 24

C.  A local chess club claims that the length of time to play a game has a

standard deviation of more than 23 minutes.

H o :s £ 23 Minutes H a :s > 23 mintues (claim)

III. Try these: state the null and alternative hypotheses and identify which is the claim.

A.  At least 14% of all homeowners have a home security system.

H 0 : H a :

B.   A government report claims the proportion of lung cancer cases that are

due to smoking is 90%.

H 0 : H a :

C.  The mean life of a certain tire is no less than 50,000 miles.

H 0 : H a :

D.  A financial analyst claims that the return rate of a 15-year U.S. Bond has

a standard deviation of 5.3%.

H 0 : H a :

E.  The U.S. Department of Labor claims the proportion of hourly workers

earning over $10.00 per hour is greater than 42%.

H 0 : H a :
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F.  A research institute claims the mean length of most dreams is greater

than 10 minutes.

H 0 : H a :

G.  The mean price of a new  model year car is $ , .20 440

H 0 : H a :

H.  A battery manufacturer guarantees that the standard deviation of the life

of its wristwatch batteries is less than 5 months.

H 0 : H a :

IV.  Testing Hypothesis

Always test the null hypothesis.

Then, make one of two decisions:

A.  Reject the null hypothesis or

B.  Fail to reject the null hypothesis.

V.  Types of Errors in a Hypothesis Test

Because the decision is based on incomplete information (using sample rather

than population statistics), there is always the possibility of wrong decision.

A. Type I error: if the null hypothesis is rejected when it is actually true.

B. Type II error: if the null hypothesis is not rejected when it is actually false.

*  Below you will find four possible outcomes of a hypothesis test.
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Actual Truth of H 0

Decision H 0 is true H 0 is false

Do not reject H 0 Correct decision      Type II error

Reject H 0 Type I error            Correct decision

*Example: A car dealer claims that at least 24% of its new customers will return

to buy their next car.

H 0 :p ³ 0 24. (Claim) H pa : .< 0 24

Type I error: Rejecting H 0: .p ³ 0 24 when actually p ³ 0 24.

Type II error: Not rejecting H p0 0 24: .³ when actually p < 0 24.

VI.  Level of Significance in a Hypothesis Test

A. Level of significance is the maximum allowable probability of making a

type I error, denoted by a .

B. Level of significance is the maximum allowable probability of making a

type II error, denoted by b.

C.  Commonly used level of significance are a = 0 10. a = 0 05. a = 0 01.

VII. Statistical Tests and Rejection Regions

After stating H H a0 , , and specifying the level of significance, then obtain a

random sample from the population and calculate sample statistics (x s, )

A. Test statistics: the statistics that is compared to the parameter in the null

hypothesis. The test used and sampling distribution is based on the test
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statistics. Below is a table indicating the relationships between population

parameters and their corresponding test statistics, sampling distributions,

and standardized test statistics.

Population                  Test                Sampling              Standardized test

parameter                   statistic           distribution                    statistic

m x Normal (n ³ 30) z

Student (n< 30) t

p p Normal z

s 2
s

2 Chi-square c 2

B. Rejection region(or critical region): of the sampling distribution is the

range of values for which the null hypothesis is not probable.  If a test

statistic falls in this region, the null hypothesis is rejected.

1.  The size of the rejection region depends on the level of significance.

The smaller the level of significance, the smaller the size of the

rejection region and the lower the probability of rejecting the null

hypothesis when it is true.

2.  The nature of the rejection region depends on whether the hypothesis

test is a left-, right-, or two-tailed test. The area of rejection is equal

to a, the level of significance.

a.  If the H a alternative hypothesis contains the less-than inequality

symbol (< ), the hypothesis test is a left-tailed test.
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b.  If the H a alternative hypothesis contains the greater-than inequality

symbol ( > ), the hypothesis test is a right-tailed test.

c.  If the H a alternative hypothesis contains the not-equal-to symbol

(¹), the hypothesis test is a two-tailed test. In a two-tailed test,

each tail has an area of
1

2
a.

*Example:   III A. At least 14% of all homeowners have a home security system.

H p0 0 14: .³ H pa : .< 0 14

Nonrejection region: 0.14 or greater than 0.14 area

Rejection region: less than 0.14 area

Because H a contains the < symbol, the test is a left-tailed

hypothesis test.

C. Critical value: separates the rejection region from the nonrejection

region.

Critical values are denoted by z0 for a standard normal distribution.

VIII. Making a Decision and Interpreting the Decision

A. Calculate the standardized test statistic ( z t or, , c 2 ).

B.  If the standardized test statistic is :

1.  In the rejection region, then reject H 0 .

2.  Is not in the rejection region, then fail to reject H 0 .

* Failing to reject H 0 means that there is not enough evidence to reject
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the null hypothesis. It does not mean that the null hypothesis is true.

IX.  Summarized Hypothesis Test

A.  State the claim mathematically and verbally.  Identify the null (H 0)and

alternative hypothesis ( H a).

B.  Specify the level of significance ( )a .

C.  Determine the type of test and make a rough sketch of the corresponding

standardized sampling distribution.

D.  Determine any critical values (z0) and add them to your sketch.

E.  Determine any rejection regions and shade them in your sketch.

F.  Calculate the test statistic and its standardized value and add it to your

sketch.

G.  Use the following decision rule:

If the standardized test statistic is in the rejection region, reject the H 0 .

If the standardized test statistic is not in the rejection region, fail to reject H 0

H. Write a statement to interpret the decision in the context of the original

claim.
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