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Chapter 7: Hypothesis Testing with One Sample

7-1: Introduction to Hypothesis Testing
In a nutshell: Hypothesis testing looks at if a statement seems

likely to be false or not.

For instance: An auto company may claim their new cars get 50
mpg. You wonder if this is really true. You can't test all the new
cars though, so now what?

- First you take a sample of 30 cars. You find the mean mpg is 47
with a standard deviation of 5.5. This is NOT exactly 50, but we
wouldn't expect it to be. How different is it though from their
claim?

- WE ASSUME THEY ARE CORRECT. Then we look at what would
be weird values (outside of 2 standard deviations) from their claim
about the mean being 50.

If 47 turns out to be more than 2s.d. away, we would be very
suspicious about their claim.

If 47 was closer than 2 s.d. from the mean of 50, we would have to
assume they might be right.

Since we assume they are truthful, the null hypothesis always
includes an equality. The other option, that they are wrong, contains
no equality and is the complement of their claim (the opposite of
their statement).

......

Ry

1. A null hypothesis Hj is a statistical hypothesis that contains a statement
of equality, such as =, =, or =.

2. The alternative hypothesis H, is the complement of the null hyvpothesis.
It 1s a statement that must be true if H is false and it contains a
statement of strict inequality, such as >, #, or <.

Hj is read as *H subzero” or “*H naught” and #, is read as “H sub-a.”

We can write null and alternatives for any parameter -
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Example 1: Stating Null/Alternative Hypotheses

Write the claim as a mathematical sentence. State the null and

alternative hypotheses and identify which represents the claim.
1. A school publicizes that the proportion of its students who are involved in

at least one extracurricular activity is 61%.

2. A car dealership announces that the mean time for an oil change is less than

15 minutes.

3. A company advertises that the mean life of its furnaces is more than 18 years.

Identifying Type | and Type Il Errors

The USDA limit for salmonella contamination for chicken is 20%. A meat
ispector reports that the chicken produced by a company exceeds the USDA
limit. You perform a hypothesis test to determine whether the meat inspector’s
claim is true. When will a type I or type II error occur? Which error is more

serious?

TYPES OF ERRORS AND LEVEL OF SIGNIFICANCE

No matter which hypothesis represents the claim, you always begin a hypothesis
test by assuming that the equality condition in the null hypothesis is true, So,

when you perform a hypothesis test, you make one of two decisions:

1. reject the null hypothesis

or

2. [ail to reject the null hypothe

I . . e
| A type I error occurs if the null hypothesis is rejected when it is true.

[ A type II error occurs if the null hypothesis is not rejected when it is false. '

The following table shows the four possible outcomes of a hypothesis test.

Correct decision | Type Il error
Correct decision |

| Type [ error

April 12, 2017
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7-1 continued... Errors, levels of significance

Types of errors:

Level of significance: All samples will vary some from the
population parameter (remember our errors from CIs?). How
often will you reject the null hypothesis when it is actually true
(false positive)? 5% of the time? 1%? 10%? This is your LEVEL
OF SIGNIFICANCE.

R

el
.

d T 7 s
| S ]
F ":'374{:“2€‘éiztfﬂ:;:;'--;:.,a-,

probability of making a type I error. It is denoted by «, the lowercase Greek
letter alpha.

Truth About 1. A carefully worded accusation is written.
Defendant 2. The defendant is assumed innocent (H;) until proven guilty. The burden of
proof lies with the prosecution. If the evidence is not strong enough, then
Verdict Innocent Guilty there is no conviction. A “not guilty” verdict does not prove that a defendant
is innocent.

Type 11 3. The evidence needs to be conclusive beyond a reasonable doubt. The system
error assumes that more harm is done by convicting the innocent (type I error) than
by not convicting the guilty (type 1T error).

Mot guilty | Justice

Guilty Type Lerror  Justice

What we want is to be able to compare our test statistic's value
versus the value that is claimed to be true, which means we need
to convert them into our standard distributions (z-scores, t-
scores, or chi-squared scores).

Population Test Standardized
parameter  statistic test statistic
n x z (Section 7.2, o known),
. K (Section 7.3, o unknown)
P b z (Section 7.4)
a’ s x° (Section 7.5)

We then compare the P-value (probability) of getting a sample
value as extreme or more extreme than the unusual ranges of our
claim's distribution.

| test is the probability of obtaining a sample statistic with a value as extreme
or more extreme than the one determined from the sample data.

Reminder: (Summary of all of Chapter 6!)
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7-1 continued... Type of test, P-values

The P-value of a hypothesis test depends on the nature of the test. There
are three types of hypothesis tests—lefi-tailed, right-tailed, and two-tailed.
The type of test depends on the location of the region of the sampling distribution
that favors a rejection of Hj. This region is indicated by the alternative
hvpothesis.

DEFINITION

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

F is the area to
Hy pzk the left of the

Hp<k standardized
test statistic.

'
3 5o i 0 1 2 3

Standardized test statistic

Left-Tailed Test

2. If the alternative hypothesis H, contains the greater-than inequality symbol
(=), then the hypothesis test is a right-tailed test.

P is the area to
the right of the
standardized
Lest slatistic.

Hy psk
H,p=k

t —
-3 -1 =1l 0 1 / 2 3
Standardized test statistic

Right-Tailed Test

3. If the alternative hypothesis H, contains the not-equal-to symbol (#),
then the hypothesis test is a two-tailed test. In a two-tailed test, each tail
has an area of 3P.

H: =k The area to the left The arca to the right

0 of the negative of the positive
H:u+k ;

a standardized standardized

test statistic is 5 P. test statistic is 5 P.
‘y %‘
3 2 1 i) 1 T 3
Standardized test statistic Standardized test statistic

Two-Tailed Test

Example 3: Type of Hypothesis Test?

Identifying the Nature of a Hypothesis Test

For each claim, state H,, and H, in words and in symbols. Then determine

whether the hypothesis test is a left-tailed test, right-tailed test, or two-tailed

test. Sketch a normal sampling distribution and shade the area for the P-value.

1. A school publicizes that the proportion of its students who are involved in
at least one extracurricular activity is 61%.

2. A car dealership announces that the mean time for an oil change is less than
15 minutes.

3. A company advertises that the mean life of its furnaces is more than 18 years.

P-value
area
- ,

0 0 /

0 /
Standardized test statistic standardized e atislic
Standardized test statistic Standardized test slatistic

P-value
area

1
5 P-value
area

1
5 P-value
area
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7.1 Continued

To use a P-value to make a conclusion in a hypothesis test, compare the
P-value with a.

1. If P =< o, then reject Hy,.
2, If P > a, then fail to reject Hj.

The smaller the P-value of the test, the more evidence there is to reject the
null hypothesis. A very small P-value indicates an unusual event. Remember,
however, that even a very low P-value does not constitute proof that the null
hypothesis is false, only that it is probably false.

Claim is I,

Decision Claom s H .

There 1s enough evidence There is enough evidence

to reject the claim. to support the claim.

There is not enough There 1s not enough
evidence to reject the claim. | evidence to support the claim

You can't prove things true - only can say that evidence
indicates that it is false, or that there is not enough evidence to
say that it is false!

Interpreting a Decision

You perform a hypothesis test for each claim. How should you interpret your
decision if you reject If? If you fail to reject I1,?

1. H, (Claim): A school publicizes that the proportion of its students who are
involved in at least one extracurricular activity is 61%.

2, H, (Claim): A car dealership announces that the mean time for an oil
change is less than 15 minutes.
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7-1 continued... Strategies
Writing hypotheses depends on which side of the argument you
believe. You want to be able to reject the null, so your belief

should be in the alternative hypothesis.
Example 5: Writing the hypotheses

A medical research team is investigating the benefits of a new surgical
treatment. One of the claims is that the mean recovery time for patients
after the new treatment is less than 96 hours.

1. Write the hypotheses as if you are on the research team and want to
support the claim.

2. Write the hypotheses as if you are on an opposing team and want to
reject the claim.

GENERAL STEPS - USE THROUGHOUT THIS CHAPTER!!

'STEPS FOR HYPOTHESIS TESTING

1. State the claim mathematically and verbally, Identify the null and

alternative hypotheses,
Hye % . B

2, Specify the level of significance

a= 17

| 3. Determine the standardized Tkl it
{  sampling distribution and i hased on the P ———-
sketch its graph., | that Hy is true.

."-r-

| 4. Calculate the test statistic and
| its standardized value. Add it A
to yvour sketch.

3. Find the P-value.

. Use the following decision rule.

15 the P-value less than or : : 3
| equal to the level of Mo | Fail to reject H, |
significance?

Yes

Reject &, J

7. Write a statement to interpret the decision in the context of the original
claim. |

pg 359: 11-16,21,22, 23,26,29,30, 37,
41,42,44, 47,4950

April 12, 2017
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Chapter 7: Hypothesis Testing with One Sample

7-2: Hypothesis Tests when you know &

One parameter we often want to do a hypothesis 1 s the
mean. Just like CIs, there are different methods if the sample is
over 30 or under 30.

Reminder from yesterday:

To use a P-value to make a conclusion in a hypothesis test, compare the
P-value with o,

| 1. If P = o, then reject Hy.

{ 2. If P = o, then fail to reject Hy,.

The P-value for a hypothesis test is P=0.0237. What is your
decision if the level of significance is...

1) ¢=0.05

2) a=0.01
Finding those P-values is going to be very important, clearly! Use
the tables (or for normal distributions, normaledf( _, _))

FINDING THE P-VALUE FOR A HYPOTHESIS TEST

After determining the hypothesis test’s standardized test statistic and the
standardized test statistic’s corresponding area, do one of the following to find
the P-value.

a. For a left-tailed test, P = (Area in left tail).

b. For a right-tailed test, P = (Area in right tail).

¢. For a two-tailed test, P = 2(Area in tail of standardized test statistic).

The area to the left
of z=-2.2318
P=0.0129,

L

Example 2: Finding P-value for
left-tailed tests

Find the P-value for a left-tailed
hypothesis test with a test
" SRR i statistic of z=-2.23. Decide
B gt L whether to reject the null if the

-.__‘5_23
Left-Tailed Test level of significance is 0.01.
Example 2: Finding P-value for two- The area to the right
i of z=2.141i5 0.0162, s0
tailed tests P = 2(0.0162) = n.mzﬂ

|II 'lll

Find the P-value for a two-tailed
hypothesis test with a test
statistic of z=2.14. Decide whether
to reject the null if the level of w JuE e EEN 1

significance is 0.05.
Two-Tailed Test
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7-2 continued... Using P-values for a z-test

If we know population Standard deviation , remember from
chapter 6-1 that we always use the normal distribution.

z-TEST FOR A MEAN n

The z-test for a mean u is a statistical test for a population mean. The test
statistic is the sample mean x. The standardized test statistic is

X —p _ o
= Standardized test statistic for p (o known)
o/Vn

when these conditions are met.
1. The sample 1s random.

2. Atleast one of the following is true: The population is normally distributed
orn = 30.

Recall that o/ V/n is the standard error of the mean, T

Using P-Values for a z-Test for a Mean u (o0 Known)
IN WORDS IN SYMBOLS

1. Verify that ¢ is known, the
sample is random, and either the
population is normally distributed
orn = 30.

2. State the claim mathematically State H, and H,.
and verbally. Identify the null
and alternative hypotheses.

3. Specify the level of significance. Identify «.
. . . xX—u
4. Find the standardized test statistic. z =
o / Vi
5. Find the area that corresponds to z. Use Table 4 in
Apnendix B

6. Find the P-value.
a. For a left-tailed test, P = (Area in left tail ).
b. For a right-tailed test, P = (Area in right tail).
¢. For a two-tailed test, P = 2( Area in tail of standardized test statistic).

7. Make a decision to reject or fail If P = o, then reject H,.
to reject the null hypothesis. Otherwise, fail to
reject Hj,.

8. Interpret the decision in the
context of the original claim.
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7-2 Continued

Example 4: Hypothesis Testing for large samples

In an advertisement, a pizza shop claims that its mean delivery
time is less than 30 minutes. A random selection of 36 delivery
times has a sample mean of 28.5 minutes and a standard
deviation of 3.5 minutes. Is there enough evidence to support
the claim at a =0.01? Use a P-value.

Solution:

1. State null and alt hypotheses.

2. Calculate the standardized score for the test statistic.

3. Decide if it is left, right, or two-tailed. Find the ar'ei‘rha‘r

=

he area to the left

goes with the standardized score. ;

Left-Tailed Test

4. Decide if you should reject or fail fo reject the null.
Interpret the result.

&
ExAMPLE (4)]

Hypothesis Testing Using a P-Value

In auto racing, a pit stop is where a racing vehicle stops for new tires, fuel,
repairs, and other mechanical adjustments. The efficiency of a pit crew that
makes these adjustments can affect the outcome of a race. A pit crew claims
that its mean pit stop time (for 4 new tires and fuel) is less than 13 seconds.
A random sample of 32 pit stop times has a sample mean of 12.9 seconds.
Assume the population standard deviation is 0.19 second. Is there enough
evidence to support the claim at ¢ = 0.01? Use a P-value.

The area to the left
of z=-2981s
P=0.0014,

—3\\—1 R T
z=-2.98

Left-Tailed Test

April 12, 2017
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7-2 continued... Using P-values for a z-test
Example 5: Hypothesis Testing for large samples

ﬁ} B See Minitab steps
Eﬁiﬁ on page 414.
Hypothesis Testing Using a P-Value

According to a study, the mean cost of bariatric (weight loss) surgery
is $21,500. You think this information is incorrect. You randomly select
25 bariatric surgery patients and find that the mean cost for their surgeries is
$20,695. From past studies, the population standard deviation is known to be
$2250 and the population is normally distributed. Is there enough evidence to
support your claim at & = 0.05?7 Use a P-value.

1. State null and alt hypotheses.

2. Calculate the standardized score for the test statistic

3. Decide if it is left, right, or two-tailed. Find the [area.that;
z=-1.791i5 0.0367, so
goes with the standardized score.

P =2(0.0367) = 0.0734,

. :
-3 -2\—| o 1 2 3
z=-179

Two-Tailed Test

4. Decide if you should reject or fail to reject the null.
Interpret the Qgsulf. @

Using Technology to Find a P-Value

Use the T1-84 Plus displays to make a decision to reject or fail to reject the null
hypothesis at a level of significance of @ = 0.05. Study Tip

Using aTI-84 Plus, you can either
enter the original data into a list
to find a P-value or enter the
descriptive statistics.

STAT
Choose the TESTS menu.
1: Z-Test...

Select the Data input option when
you use the original data. Select
the Stats input option when 7%,
you use the descriptive .
statistics. In each case,
enter the appropriate
values including the
corresponding type

of hypothesis test
indicated by the
alternative hypothesis.
Then select Calculate.

April 12, 2017
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7.2 Continued

A rejection region (or critical region) of the sampling distribution is the
range of values for which the null hypothesis is not probable. If a standardized
test statistic falls in this region, then the null hypothesis is rejected. A critical
value z, separates the rejection region from the nonrejection region.

Finding Critical Values in the Standard Normal Distribution
1. Specify the level of significance «.
2. Determine whether the test is left-tailed, right-tailed, or two-tailed,
3. Find the critical value(s) z;. When the hypothesis test is
a. lefi-tailed, find the z-score that corresponds to an area of a.
b. right-tailed, find the z-score that corresponds (o an area of 1 — a.
¢. two-tailed, find the z-scores that correspond to 3 and 1 — a.

4. Sketch the standard normal distribution. Draw a vertical line at each critical
value and shade the rejection region(s). (See the figures at the left.)

Note that a standardized test statistic that falls in a rejection region is
considered an unusual event.

HINT: Draw a picture

USE INVNORM!
Example 7: Finding Critical Values for Right-tailed Test

Find a critical value and rejection region for a right-tailed test
with a =0.01

@ =001

. '\
EXAMPLE @ w af, .

==2.33

:0—

1% Level of Significance

Finding a Critical Value for a Left-Tailed Test
Find the critical value and rejection region for a left-tailed test with « = 0.01.

4
2=-2.33

1% Level of Significance

Example 8: Finding Critical Values for Two-tailed Test

Find a critical value and rejection region for a two tailed test
with a=0.05

4 4 1 /& 3
“p=-196  z,=196

-5 =2

h

5% Level of Significance

April 12, 2017
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7-2 continued... Finding Rejection Regions

This lists COMMON values, not

Alpha  Tail
et L every ohe you may heed - know

0.10  Left -1.28

Right  1.28 how to calculate thesel
Two +1.645

005 Lleft  —1645 —m

Right 1.645
Two +1.96
0.01  Left —-2.33
Right 2.33 el =) 8 I I
Two +2.575 2 Score

Using the rejection region, we can decide what o do with our
null hypothesis

DECISION RULE BASED ON REJECTION REGION

To use a rejection region to conduct a hypothesis test, calculate the standardized
test statistic z. If the standardized test statistic

1. 1s in the rejection region, then reject H,,.
2. is not in the rejection region, then fail to reject H,.

Fail to reject H, Fail to reject H,

z<zy Reject H, z>zy Reject Hy,.

Left-Tailed Test Right-Tailed Test

Fail to reject Hy,.

7 <-z Reject H, 2> 7y Reject Hy,.

Two-Tailed Test

Remember, failing to reject the null hypothesis does not mean that you have
accepted the null hypothesis as true. It simply means that there is not enough
evidence to reject the null hypothesis.

Using Rejection Regions for a z-Test for a Mean p (o Known)
IN WORDS IN SYMBOLS

1. Verify that o is known, the
sample 1s random, and either the
population is normally distributed
orn = 30.
2, State the claim mathematically State H, and H,.
and verbally. Identify the null
and alternative hypotheses.

3. Specity the level of significance. Identify a.
4. Determine the critical value(s). Use Table 4 in Appendix B.
5. Determine the rejection region(s).
T -
6. Find the standardized test statistic RS K
and sketch the sampling distribution. o Vn
7. Make a decision to reject or fail to If z is in the rejection region,
reject the null hypothesis. then reject H;. Otherwise,

fail to reject Hy.

8. Interpret the decision in the context

of the original claim.

by
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7-2 continued... Large-sample Hypothesis Testing

Employees in a large accounting firm claim that the mean salary of
the firm's accountants is less than that of its competitor's, which
is $45,000. A random sample of 30 of the firm's accountants has

a mean salary of $43,500 with a standard deviation of $5200. At

a=0.05 , test the employees’ claim.

Solution:

1. Write the hypotheses.

2. Use invnorm or table to find the critical values.

3. Sketch the distribution and label the critical values and

rejection regions. /

4. Find the z-score of the test statistic and label it on the
distribution.

5. Decide to reject or fail fo reject the null. Interpret the result.

The U.S. Dept. of Agriculture reports that the mean cost of
raising a child from birth to age 2 in a rural area is $10,460. You
believe this value is incorrect, so you select a random sample of
900 children (age 2) and find that the mean cost is $10,345 with a
standard deviation of $1540. At a = 0.05, is there enough evidence
to conclude that the mean cost is different from $10,460?

Solution:

1. Write the hypotheses.

2. Use invnorm or table to find the critical values.

3. Sketch the distribution and label the critical values and
rejection regions. N\

4. Find the z-score of the test statistic and label it on the
distribution.

5. Decide to reject or fail to reject the null. Interpret the result.

April 12, 2017
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7.2 More examples from the book

—rT . @ See TI-84 Plus

steps on page 415.
Hypothesis Testing Using a Rejection Region

Employees at a construction and mining company claim that the mean salary of

the company’s mechanical engineers is less than that of one of its competitors,
which is $68,000. A random sample of 20 of the company’s mechanical engineers
has a mean salary of $66,900. Assume the population standard deviation is $5500
and the population is normally distributed. At = 0.05, test the employees’ claim.

April 12, 2017

z Jeora

Try It Yourself 9

The CEO of the company in Example 9 claims that the mean work day of the
company’s mechanical engineers is less than 8.5 hours. A random sample of
25 of the company’s mechanical engineers has a mean work day of 8.2 hours.
Assume the population standard deviation is (.5 hour and the population is
normally distributed. At « = 0.01, test the CEO’s claim.

a, Identify the claim and state H, and /.

b. Tdentify the level of significance a.

¢. Find the critical value z, and identify the rejection region.
d. Find the standardized test statistic z. Sketch a graph.

e. Decide whether to reject the null hypothesis.

f. Interpret the decision in the context of the original claim.

— —_— —
-3 -z -1 a I 2 3

Score

[NORHAL FLOAT AUTOD REAL DEGREE HF n

Inpt:Data
Ho 13960

012345

%:13725

n: 500

[TH~. . RIS TT)
Color: HEEINVS
Calculate Draw

p=d.01l

Hypothesis Testing Using Rejection Regions

A researcher claims that the mean annual cost of raising a child (age 2 and
under) by husband-wife families in the U.S. is $13,960. In a random sample
of husband-wife families in the U.S., the mean annual cost of raising a child
(age 2 and under) is $13,725. The sample consists of 500 children. Assume the
population standard deviation is $2345. At @ = 0.10, is there enough evidence
to reject the claim?

25,27, 30, 31, 39

Study Tip

You can also use technology to
petform a hypothesis test using
a z-test. For instance, using a
TI-84 Plus and the descriptive
statistics in Example 10, you
can obtain the standardized test
statistic z =~ —2.24, as shown
below. This result matches
what you found in

Example 10.

pg. 373 3,5,7,10,12, 14,16, 18,19, 21,24

15
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Chapter 7: Hypothesis Testing with One Sample

7-3: Hypothesis Tests for the Mean when the population Standard deviation is

not known *** USE THIS WHEN Sigma is known *** [(eallII{UITL)
As long as it is still roughly normal, we can still do a hypothesis
test - welcome back, t-distribution!

Finding Critical Values in a -Distribution
1. Specify the level of significance «.

2. Identify the degrees of freedom, d.f. = n — 1. Left-Tailed Test

3. Find the critical value(s) using Table 5 in Appendix B in the row with
n — 1 degrees of freedom. When the hypothesis test is

a. left-tailed, use the “One Tail, &” column with a negative sign,

b. right-tailed, use the “One Tail, @” column with a positive sign. . 2

¢. two-tailed, use the “Two Tails, @” column with a negative and a o
positive sign. Right-Tailed Test
See the figures at the left.

exameie (DREC

Finding a Critical Value for a Left-Tailed Test Two-Tailed Test
Find the critical value f, for a left-tailed test with &« = 0.05 and n = 21.

Table 5— t-Distribution

Example 2 Level of
confidence, ¢ 0.80 0.90 095 098 099
. . . . OnetallLa____0.10___0.05__ 0.025__0.01 _0.005
Find the critical value for a right-tailed test 4 Twotala 020 010 005 002 001
1 3078 6314 12706 31821 63.657
with a significance of .01 and n =17 2 1886 2920 4303 6965 9925
3 1638 2353 3182 4541 5841
4 1533 2132 2776 3747 4604
5 1476 2015 2571 3365 4032
6 1440 1943 2447 3143 3707
7 1415 1895 2365 2998 3499
8 1397 1860 2306 2896 3355
9 1383 1833 2262 2821 3250
10 1372 1812 2228 2764 3.169
1 1363 1796 2201 2718 3.106
12 1356 1782 2179 2681 3.055
13 1350 1771 2160 2650 3012
14 1345 1761 2145 2624 2977
15 1341 1753 2131 2602 2947
16 1337 1746 2120 2583 2921
17 1333 1740 2110 2567 2898
18 1330 1734 2101 2552 2878
19 1328 1729 2093 2539 2861
20 1325 1725 2086 2528 2845

Exam p l e 3 25 1316 1708 2060 2485 2787

Find the critical values —f; and £, for a two-tailed test with @ = 0.10 and n = 26.
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7-3 continued... Hypothesis Testing

April 12, 2017

(o Unknown)

Once we can find the critical value for t, we are basically doing
the same type of test as before, when Sigma was known

t-TEST FOR A MEAN u

The t-test for a mean g is a statistical test for a population mean. The test
statistic is the sample mean x. The standardized test statistic is

_X-nu
s/ Vn

when these conditions are met.

!

1. The sample is random.

Standardized test statistic for u (o unknown)

2. At least one of the following is true: The population is normally distributed

izl fovoernes

The dEgl’EES of freedom are Using the t-Test for a Mean u (o Unknown)
A = — il IN WORDS
1. Verify that  is not known, the

o TR Y 71

exanrie ()N

sample is random, and either the
population is normally distributed
orn = 30.

. State the claim mathematically

and verbally. Identify the null
and alternative hypotheses.

. Specify the level of significance.

Identify the degrees of freedom.

. Determine the critical value(s).
. Determine the rejection region(s).

. Find the standardized test statistic

and sketch the sampling
distribution.

. Make a decision to reject or fail to

IN SYMBOLS

State Hyand H,.

Identify a.
df.=n -1
Use Table 5 in Appendix B.

e
s/ Vn

If ¢ is in the rejection region,

See Minitab steps
on page 414.

Hypothesis Testing Using a Rejection Region

A used car dealer says that the mean price of a two-year-old sedan (in good
condition) is at least $20,500. You suspect this claim is incorrect and find that
a random sample of 14 similar vehicles has a mean price of $19.850 and a
standard deviation of $1084. Is there enough evidence to reject the dealer’s

claim at & = 0.057 Assume the population is normally distributed.

17
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7-3 continued... Hypothesis Testing W
Example 5: Testing the mean with a small sample

An industrial company claims that the mean pH level of the water
in a nearby river is 6.8. You randomly select 39 water samples and
measure the pH of each. The sample mean and standard deviation
are 6.7 and 0.35, respectively. Is there enough evidence to reject

the company's claim at @ =.052 Assume the population is normally
distributed.

Solution:

1) Write the claim, and the null and alternative hypotheses.

2) Decide if it is left, right, or two tailed. Find the critical value
for t using the chart.

3) Sketch the distribution and determine the rejection region.

4) Calculate your standardized test statistic.

5) Make a decision based on which region it is in and interpret the
results.

EXAMPLE ((6)]

Using P-Values with a t-Test

A department of motor vehicles office claims that the mean wait time is less
than 14 minutes. A random sample of 10 people has a mean wait time of
13 minutes with a standard deviation of 3.5 minutes. At a = 0.10, test the
office’s claim. Assume the population is normally distributed.

T.Tesd T-Test
Inpt:Data ST p<14
Mo 14 t=—.80350739023
x:13 p=.184889394027
Sx:3.5 %=13

10 _
n Sx=3.5 t-.9035 |p-.19439

H:=Ho IR >Ho n=10
Calculate Draw

pg. 383: 3,5,7,11,12,14,15 21, 22,2327

April 12, 2017
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Chapter 7: 7-4: Hypothesis Tests for Proportions
This is going o look very similar to the rest of our hypothesis
testing information! Difference is the key words: proportion,
percentage, %.

- Used when proportion needs to be tested - for example, when a
manufacturer needs to test the proportion of One Direction CDs
that are defective.

z-TEST FOR A PROPORTION p

The z-test for a proportion p is a statistical test for a population proportion.
The z-test can be used when a binomial distribution is given such thatnp = 5
and ng = 5. The test statistic is the sample proportion 5 and the standardized
test statistic is

P—mp _ p-p

z= = ,
Tp Vpg/n

Standardized test statistic for p

Using a z-Test for a Proportion p

1. Verify that the sampling distribution np =5,ng =5 Check this FIRST!
of pj can be approximated by a
normal distribution.

2. State the claim mathematically State H; and H,.
and verbally. Identify the null
and alternative hypotheses.

If those conditions are both met, THEN:

3. Specify the level of significance. Identify c.

4, Determine the critical value(s). Use Table 4 in Appendix B,

5. Determine the rejection region(s).

6. Find the standardized test statistic 7= L _{7 -
and sketch the sampling distribution. pq/n

7. Make a decision to reject or fail to If z is in the rejection region,
reject the null hypothesis. then reject Fl. Otherwise,

fail to reject Hy.
8. Interpret the decision in the context

of the original claim.

Example 1: Hypothesis Test for a Proportion
Hypothesis Test for a Proportion

A researcher claims that less than 40% of U.S. cell phone owners use their
phone for most of their online browsing. In a random sample of 100 adults,
31% say they use their phone for most of their online browsing. At « = 0.01,
is there enough evidence to support the researcher’s claim?

1) Check np and nq

2) Write the claim and the null/alternative hypotheses

3) Determine if it is left, right, or two-tailed and find the critical
value for the level of significance.

a=.01

4) Sketch the distribution and label the rejection regions.

5) Calculate the standardized test statistic

6) Make a decision and interpret the result.
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7-4 continued... Proportion Hypothesis Testing

Example 2: Hypothesis Test for a Proportion
Hypothesis Test for a Proportion

A researcher claims that 86% of college graduates say their college degree
has been a good investment. In a random sample of 1000 graduates, 845 say
their college degree has been a good investment. At e = .10, is there enough
evidence to reject the researcher’s claim?

Solution:

Example 2: Hypothesis Test for a Proportion

The Pew Research Center claims that more than 55% of US
adults regularly watch their local television news. You decide to
test this claim and ask a random sample of 425 adults in the
United States whether they regularly watch their local television
news. Of the 425 adults, 255 respond yes. At ¢ =.05, is there
enough evidence to support the claim?

Solution:

pg. 391: 3, 8,9-11, 15 OR 16
17
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7-5 Hypothesis Testing for variance and standard Deviation

Critical values for a Chi-Square Test

Finding Critical Values for a Chi-Square Test
1. Specify the level of significance a.
2. Identify the degrees of freedom, d.f. = n — 1.

3. The critical values for the chi-square distribution are found in Table 6
in Appendix B. To find the eritical value(s) for a

a. righi-tailed test, use the value that corresponds to d.f. and a.
b. left-tailed test, use the value that corresponds to d.f. and 1 — a.

¢. two-tailed test, use the values that correspond to d.f. and e, and
df.and 1 — Ja.

See the figures at the left.

Critical
5
value X5

Right-Tailed Test

Critical Critical
- 2 " 2
value XL value XR

Two-Tailed Test

2
X

Critical
.
value X,

Example 1 Finding critical values for Left-Tailed Test

Find the Critical 42 value for a right-tailed test when n=26and a =.10

5 10 15 20 25 30/35 40 45

X2 =34382

Example 2 Finding the critical y?value for a left-tailed test when
n=11anda =.01

o =0.01

10 8 20
2 _nge
X = 2.558

Example 3 Find the cr'iTicallz value for a two-tailed test when

n=13anda =.01

VERY IMPORTANT because Chi-square distributions are not
symmetric like normal or t-distributions, in a two-tailed test the two
critical values are not opposites you must calculate each of them

21
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7-5 Continued The Chi-Square TEST

To test the variance 2 or a standard deviation & of a population that is a normally

distributed, you can use the

The results can be misleading if the population is not normal

CHI-SQUARE TEST FOR A VARIANCE ¢? OR
STANDARD DEVIATION o

The chi-square test for a variance o? or standard deviation o is a statistical
test for a population variance or standard deviation. The chi-square test can
only be used when the population is normal. The test statistic is s* and the
standardized test statistic

. (n—1)s ,

X == Standardized test statistic for o~ or &
a

follows a chi-square distribution with degrees of freedom

df. =n—1.

Example 4
Using a hypothesis test for the population mean

(]
b

8

1. Verify that the sample is random

and the population is normally
distributed.

2. State the claim mathematically

and verbally. Identify the null
and alternative hypotheses.

Specify the level of significance.

4. ldentify the degrees of freedom.
5. Determine the critical value(s).

6. Determine the rejection region(s).

7. Find the standardized test statistic

and sketch the sampling
distribution.

Make a decision to reject or fail to
reject the null hypothesis.

by

April 12, 2017

Using the Chi-Square Test for a Variance o2 or a Standard Deviation o

State H, and H,.

Identify a.
df. =n —1
Use Table 6 in Appendix B.

(n—1)s

=

a

If x” is in the rejection regior
then reject Hj. Otherwise,
fail to reiect H,

9. Interpret the decision in the context

of the original claim.

A dairy processing company claims that the variance of the amount of fat in whole milk processed by
the company is no more than 0.25. You suspect this is wrong and find that a normal sample of 41 milk
containers has a variance of .27. Ata ¢ =.()5, is there enough evidence to reject the company's

claim? Assume the population is normally distributed

Example 5 Using a hypothesis test for the SD

A restaurant claims that the standard deviation in the length of serving times is less than 2.9
minutes. A random sample of 23 serving times has a standard deviation of 2.1 minutes. At O = 10
is there enough evidence to support the restaurants claim? Assume the population is normal

22
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7-b Continued

Using a Hypothesis Test for the Standard Deviation

A company claims that the standard deviation of the lengths of time it takes
an incoming telephone call to be transferred to the correct office is less than
1.4 minutes. A random sample of 25 incoming telephone calls has a standard
deviation of 1.1 minutes. At & = 0.10, is there enough evidence to support the
company’s claim? Assume the population 1s normally distributed.

Example 6 Using a Hypothesis test for the population variance

A sporting goods manufacturer claims that the variance of the strength in a certain fishing line is 15.9.
A random sample of 15 fishing line spools has a variance of 21.8. At g = ,()5 is there enough evidence
to reject the manufacturer's claim? Assume normal

pg. 400 5,7,9,12,13,15,18,19
21,23
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Chapter 7 Summary

With hypothesis testing, perhaps more than any other area of statistics, it can be
difficult to see the forest for all the trees. To help you see the forest—the overall
picture —a summary of what you studied in this chapter is provided.

You are given a claim about a population parameter u, p, o’ or .
Rewrite the claim and its complement using =, =, = and >, <, #,
Ii\. -y
, H,
Identify the claim. Is it [, or H,?

Specify @, the maximum acceptable probability of rejecting a valid H,
Specify your sample size n.

Normally distributed population ® Any population

Mean: 7, describes a hypothesized population mean p.

Use a z-test when o is known and the population is normal.
® Use a z-test for any population when ¢ is known and n = 30.

Use a r-test when o is not known and the population is normal.
® Use a f-test for any population when ¢ 15 not known and n = 30.
Proportion: I, describes a hypothesized population proportion p.
@ Use a z-test for any population when np = 5 and ng = 5.

Variance or Standard Deviation: /1, describes a hypothesized population
variance o or standard deviation o.

Use a chi-square test when the population is normal.
Use f, to decide whether the test is left-tailed, right-tailed, or two-tailed.

Take a random sample of size n {rom the population.

Compute the test statistic X, ji, or 5°.

Find the standardized test statistic z, ¢, or X:_

Option 1. Decision based on rejection region
Use a to find the critical value(s) z,, f, or xﬁ and rejection region(s).
Decision Rule:

Reject Hy when the standardized test statistic 1s in the rejection region.
Fail to reject Hy when the standardized test statistic 1s not n the rejection region.

Option 2. Decision based on P-value
Use the standardized test statistic or technology to find the P-value.
Decision Rule:

Reject Hy when P = w.
Fail to reject H; when P = .
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Chapter 7 Section by section

(Section 7.2)

Test statistic: x Standardized test statistic: z

Critical value: z, (USE Table 4.) Sample mean T I ]Igz}:]n:[hummd
- Bl - - x — i

Sampling distribution of 7 =" \;f

sample means is a normal :T; :l ‘ _

distribution. PUPU]'L’LT.EUT'I S;u'nph_- size

standard deviation

o
L 0 : h 0 =
Left-Tailed Two-Tailed Right-Tailed

{Section 7.3)
Test statistic: X Standardized test statistic: ¢
Critical value: , (Use Table 5.) Sample mean 1 i Hypothesized
2 mean

Sampling distribution of sample means [ = xI—‘u’

is approximated by a /-distribution S/ vn

withdf. = n — 1. Sample- = t Sample size

standard deviation
o o
s
1 [ [ T ()
Ih 0 a5
Left-Tailed Two-Tailed Right-Tailed
(Section 7.4)
Test statistic: p Standardized test statistic: 7
e . Sample 1 I Hypothesized

Critical value: z; (Use Table 4.) o endET g _ % e

Sampling distribution of sample 7 = %

proportions is a normal distribution. \/qu n

q 1 — p- + Sample size

(Section 7.5)

Test statistic: s Standardized test statistic: y°

Critical value: X;—’] (Use Table 6.) Sample size 1 i S;lﬂ_lplu

Ydarnance

Sampling distribution is approximated X = (n=1)8

b)’l‘d chi-square distribution with ?,2 Hypothesized

df.=n— 1. varance

'y
(¥4
'|! [0}
5 ¥?
z, %
Left-Tailed Two-Tailed Right-Tailed

April 12, 2017
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Calculator Help for Chapter 7

See Example 9, page 371.

Ti-84 PLUS

See Example 5, page 381.

TI-84 PLUS

See Example 1, page 389,

Ti-84 PLUS

EDIT CALC =8I EDIT CALC IS EDIT CALC ==
R ZTest.. 1. Z-Test... 1: Z-Test...

2. T-Test... BR T-Test... 2: T-Test...

3: 2-SampZTest... 3: 2-SampZTest... 3: 2-SampZTest...
4. 2-SampTTest... 4: 2-SampTTest... 4. 2-SampTTest...
5: 1-PropZTest... 5: 1-PropZTest... B 1-PropZTest...
B: 2-PropZTest... 6: 2-PropZTest... B: 2-PropZTest...
7\ Zinterval 74 Zinterval... 7\ Zinterval. ..

TI-84 PLUS
VAR

| - Test

TI-84 PLUS
1.Drop/Test

Inpt:Data W Inpt:Data TR P-4

Hg: 68000 p:6.8 x:31

5500 x:6.7 n:100

x:B66800 5x:.35 prop=p; BT >Po
n:20 n:39 Calculate Draw
H#Ho I >Ho H-EME <Ho >Hp

Calculate Draw

T1-84 PLUS

I‘
I‘

p<68000
z=—.884427191
p=.1855466488

Calculate Draw

TI-84 PLUS

p#6.8
t=—1.784285142
p=.0B23638462

TI-84 PLUS

prop<.4
z=—1.837117307
p=.0330962301

¥=66800 x=6.7 p=.31
n=20 5x=.35 n=100
n=39

1

1

F..

Ti-84 PLUS Ti-84 PLUS

z=-.8944 p=.1855 t=-1.7843 Ip=.0B24 7=-1.8371 |p=.0331




Attachments

7-1 Book.pdf
7-2 Book.pdf
7-3 Book.pdf
7-4 Book.pdf
7-5 Book.pdf
t distribution table.pdf

chi-square table .pdf
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364 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Introduction to Hypothesis Testing

What You | Hypothesis Tests » Stating a Hypothesis » Types of Errors anc
SHOULD LEARN Level of Significance » Statistical Tests and P-values » Makir:
a Decision and Interpreting the Decision » Strategies for
Hypothesis Testing

» Hypothesis Tests

Throughout the remainder of this course, you will study an important technic .
in inferential statistics called hypothesis testing. A hypothesis test is a proc-
that uses sample statistics to test a claim about the value of a populat =
parameter. Researchers in fields such as medicine, psychology, and business ==
on hypothesis testing to make informed decisions about new medici=-
treatments, and marketing strategies.

For instance, suppose an automobile
manufacturer advertises that its new
hybrid car has a mean mileage of 50 miles
per gallon. If you suspect that the mean
mileage is not 50 miles per gallon, how
could you show that the advertisement is
false?

Obviously, you cannot test all the
vehicles, but you can still make a
reasonable decision about the mean
mileage by taking a random sample from
the population of vehicles and measuring
the mileage of each. If the sample mean differs enough from the advertiseme-
mean, you can decide that the advertisement is wrong.

For instance, to test that the mean mileage of all hybrid vehicles of this -
is u = 50 miles per gallon, you could take a random sample of n = 30 vehi: -
and measure the mileage of each. Suppose you obtain a sample mean of ¥ = -~

Insi g ht \ miles per .gall.on with a sample standard deviatiqn of s = 5.5 miles per gal' -
Does this indicate that the manufacturer’s advertisement is false?

As you study this chapter, don't To decide, you do something unusual—you assume the advertisemer-

get confused regarding concepts correct! That is, you assume that u = 50. Then, you examine the samp’ -

of certainty and importance. For
instance, even if you were very
certain that the mean
mileage of a type of
hybrid vehicle is

not 50 miles per
gallon, the actual
mean mileage

might be very close
to this value and the

distribution of sample means (with n = 30) taken from a population in w= -
u =50 and o = 5.5. From the Central Limit Theorem, you know this samp’ -
distribution is normal with a mean of 50 and standard error of

5.5 i Sampling Distribution of X

V30
In the graph at the right, notice
that your sample mean of X = 47  Sample mean
miles per gallon 1is highly *=47

Hypothesized m<:-
u=>50

gifference might not unlikely—it is about 3 standard \
e important. : ’ f x
P errors from th§ claimed me'fm! 46 47 48 49 50 51 53 53 54
Using the techniques you studied IR R TNE CONY ST T
in Chapter 5, you can determine -4 3\ 2--1 0 1 2 3 4

that if the advertisement is true, the ~ Standardized z-value
probability of obtaining a sample z=-3.0

mean of 47 or less is about 0.0013. This is an unusual event! Your assumption -
the company’s advertisement is correct has led you to an improbable result. ~
either you had a very unusual sample, or the advertisement is probably false. 7
logical conclusion is that the advertisement is probably false.
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366 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Note to Instructor
Begin with a hypothesis statement ‘
l and ask students to state its logical Stating the Null and Alternative Hypotheses

complement. Some students will : . .
! have difficulty with the fact that Write the claim as a mathematical sentence. State the null and alternat: -
the complement of 1 # k is u = k. hypotheses, and identify which represents the claim.

Discuss the role of a double negative

in English. The important point is 1. A university publicizes that the proportion of its students who graduatc =

1 (o)
that if you conclude that Hy is false, 4 years is 82%.
then you are also concluding that 2. A water faucet manufacturer announces that the mean flow rate of a cert= -
H, is true. type of faucet is less than 2.5 gallons per minute.

3. A cereal company advertises that the mean weight of the contents of -
20-ounce size cereal boxes is more than 20 ounces.

Solution

1. The claim “the proportion...is 82%” can be written as p = 0.82.
complement is p # 0.82. Because p = 0.82 contains the statement
equality, it becomes the null hypothesis. In this case, the null hypothe:
represents the claim.

Hy: p = 0.82 (Claim)
H,;p # 082

2. The claim “the mean ... 1is less than 2.5 gallons per minute” can be writi==
as w < 2.5. Its complement is u = 2.5. Because u = 2.5 contains ==

statement of equality, it becomes the null hypothesis. In this case. =

H, 1710 H, alternative hypothesis represents the claim.
S e N ¢ gy > p ; :
078 080 082 084 086 Hy: ju = 2.5 gallons per minute
i H, H, o < 2.5 gallons per minute (Claim)
g ’_ . i 3. The claim “the mean ... is more than 20 ounces” can be written as u > ~
‘2} 20 zig 04 2?2,6 27 238 2,9' Its complement is u = 20. Because u = 20 contains the statement
equality, it becomes the null hypothesis. In this case, the alternative hypothe:
; Hy, H, represents the claim.
i — e Ut
16 17 18 19 20 21 22 23 24 Hgy: p = 20 ounces

In each of these graphs, notice H,: p > 20 ounces (Claim)

that each point on the number

line is in Hy or H,, but no point

is in both. Write the claim as a mathematical sentence. State the null and alternat -
hypotheses, and identify which represents the claim.

1. A consumer analyst reports that the mean life of a certain type
automobile battery is not 74 months.
2. A television manufacturer publishes that the variance of the life of a cert= -
type of television is less than or equal to 3.5.
3. A radio station publicizes that its proportion of the local listening audier:-
! is greater than 39%.

a. Identify the verbal claim and write it as a mathematical statement.

b. Write the complement of the claim.

c. Identify the null and alternative hypotheses and determine which o=
represents the claim. Answer: Page
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368 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Hypothesis testing is sometimes compared to the legal system used in -
United States. Under this system, the following steps are used.

1. A carefully worded accusation is written.

Truth About

e 2. The defendant is assumed innocent (H,) until proven guilty. The burder

proof lies with the prosecution. If the evidence is not strong enough, the-
no conviction. A “not guilty” verdict does not prove that a defendar:
innocent.

A/ Innocent

Type 11
error

Justice

Type Lerror | Justice 3. The evidence needs to be conclusive beyond a reasonable doubt. The sys ==
assumes that more harm is done by convicting the innocent (type I e -
than by not convicting the guilty (type II error).

Identifying Type | and Type Il Errors

The USDA limit for salmonella contamination for chicken is 20%. A m--
inspector reports that the chicken produced by a company exceeds the UST -
limit. You perform a hypothesis test to determine whether the meat inspec: -
claim is true. When will a type I or type II error occur? Which is more seric
(Source: United States Department of Agriculture)

Solution Let p represent the proportion of the chicken tha:
contaminated. The meat inspector’s claim is “more than 20% is contamina:c -
You can write the null and alternative hypotheses as follows.

Hyp=02 The proportion is less than or equal to 20%.
H, p > 0.2 (Claim) The proportion is greater than 20%.

Chicken meets Chicken exceeds
USDA limits. USDA limits.

Hy:p<02 H: g 0.2

7 '

SR B I : 3 I | 5.
<< + Y e & T T > p

0.16 0.18 0.20 0.22 0.24

A type I error will occur if the actual proportion of contaminated chicken is -
than or equal to 0.2, but you decide to reject H. A type II error will occur i7 -
actual proportion of contaminated chicken is greater than 0.2, but you do -
reject H . With a type I error, you might create a health scare and hurt the - -
of chicken producers who were actually meeting the USDA limits. With a tvp-
error, you could be allowing chicken that exceeded the USDA contaminz:
limit to be sold to consumers. A type II error could result in sickness or ===
death.

A company specializing in parachute assembly states that its main paracr -
failure rate is not more than 1%. You perform a hypothesis test to deterr -
whether the company’s claim is false. When will a type I or type II error occ.-
Which is more serious?

a. State the null and alternative hypotheses.
b. Write the possible type I and type II errors.
¢. Determine which error is more serious. Answer: Pag
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370 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

The P-value of a hypothesis test depends on the nature of the test. There a7

i three types of hypothesis tests—a left-, right-, or two-tailed test. The type of te:
depends on the location of the region of the sampling distribution that favors -
rejection of H. This region is indicated by the alternative hypothesis.

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

Hy uzk P is the area to
Hy i<k |the left of the
test statistic.

i i
H 7 ¥

-3 = 0 1 2 3
Test statistic

Left-Tailed Test

2. If the alternative hypothesis H, contains the greater-than inequality
symbol (>), the hypothesis test is a right-tailed test.

P is the area to
the right of the
test statistic.

Right-Tailed Test

3. If the alternative hypothesis H, contains the not-equal-to symbol (#).
the hypothesis test is a two-tailed test. In a two-tailed test, each tail has
an area of %P.

The third type of test
is called a two-tailed
test because evidence
that would support the
alternative hypothesis
could lie in either tail
of the sampling
distribution.

P is twice the
area to the right
of the positive
test statistic.

P is twice the
area to the left
of the negative
test statistic.

Hy p=k
H;u#k

| :

H T i
i3 iy WY 0 F e 3
Test statistic Test statistic

Two-Tailed Test

The smaller the P-value of the test, the more evidence there is to reject =
null hypothesis. A very small P-value indicates an unusual event. Remem ™
however, that even a very low P-value does not constitute proof that the =
hypothesis is false, only that it is probably false.
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372 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Insight )
In this chapter, you will learn

that there are two basic types

of decision rules for deciding to
reject Hy or fail to reject Hy. The
decision rule described on this
page is based on P-values. The
second basic type of decision rule
is based on rejection regions.
When the standardized test
statistic falls in the
rejection region, the
observed
probability
(P-value) of a
type | error is less than a.
You will learn more about
rejection regions in the
next section.

» Making a Decision and Interpreting the Decisior

To conclude a hypothesis test, you make a decision and interpret that decis: -
There are only two possible outcomes to a hypothesis test: (1) reject the =
hypothesis, and (2) fail to reject the null hypothesis.

To use a P-value to make a conclusion in a hypothesis test, compare the
P-value with «a.

| L. If P = a, then reject Hy.
12. If P > a, then fail to reject H,.

Failing to reject the null hypothesis does not mean that you have accer
the null hypothesis as true. It simply means that there is not enough eviden::
reject the null hypothesis. If you want to support a claim, state it so t7-
becomes the alternative hypothesis. If you want to disprove a claim, state ==
that it becomes the null hypothesis. The following table will help you inter=-
your decision.

Decision

There is enough evidence There is enough evidence
to reject the claim. to support the claim.

There is not enough There is not enough
evidence to reject the claim. | evidence to support the claim

Interpreting a Decision

You perform a hypothesis test for each of the following claims. How shoulc
interpret your decision if you reject Hy? If you fail to reject H?

1. Hy (Claim): A university publicizes that the proportion of its students
graduate in 4 years is 82%.

2. H, (Claim): Consumer Reports states that the mean stopping distancs
a dry surface) for a Honda Civic is less than 136 feet.

Solution

1. The claim is represented by H, so if you reject Hy, then you s& .
conclude “there is sufficient evidence to indicate that the university's c = =
is false.” If you fail to reject Hy, then you should conclude “ther:
insufficient evidence to indicate that the university’s claim (of a four- -
graduation rate of 82%) is false.”

2. The claim is represented by H, so the null hypothesis is “the mean stor=
distance ... is greater than or equal to 136 feet.” If you reject H, ther
should conclude “there is enough evidence to support Consumer Re-
claim that the stopping distance for a Honda Civic is less than 136 fe<
you fail to reject H,, then you should conclude “there is not er .
evidence to support Consumer Reports’ claim that the stopping distan -

a Honda Civic is less than 136 feet.”
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374 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

» Strategies for Hypothesis Testing

In a courtroom, the strategy used by an attorney depends on wheth:-
attorney is representing the defense or the prosecution. In a similar w=
strategy that you will use in hypothesis testing should depend on whether -
trying to support or reject a claim. Remember that you cannot use a hypo-
test to support your claim if your claim is the null hypothesis. So, as a resez-:+
if you want a conclusion that supports your claim, word your claim so =
alternative hypothesis. If you want to reject a claim, word it so it is 7 1
hypothesis.

Writing the Hypotheses

A medical research team is investigating the benefits of a new surgical trez:— -
One of the claims is that the mean recovery time for patients after the -
treatment is less than 96 hours. How would you write the null and alter=
hypotheses if (1) you are on the research team and want to support the ¢ ==
(2) you are on an opposing team and want to reject the claim?

Solution

1. To answer the question, first think about the context of the claim. Bz
you want to support this claim, make the alternative hypothesis <
that the mean recovery time for patients is less than 96 hours
H, p <96 hours. Its complement, u = 96 hours, would be the -
hypothesis.

HO: n = 96
H,: . < 96 (Claim)

2. First think about the context of the claim. As an opposing researcher
do not want the recovery time to be less than 96 hours. Because you vz~
reject this claim, make it the null hypothesis. So, Hy: . = 96 hours
complement, u > 96 hours, would be the alternative hypothesis.

Hy: p < 96 (Claim)
H,: n > 96

1. You represent a chemical company that is being sued for paint damaz:-
automobiles. You want to support the claim that the mean repair cos: =«
automobile is less than $650. How would you write the null and altern=
hypotheses?

2. You are on a research team that is investigating the mean temperatur:
adult humans (see page 396). The commonly accepted claim is that the m -
temperature is about 98.6°F. You want to show that this claim is false. =
would you write the null and alternative hypotheses?

a. Determine whether you want to support or reject the claim.
b. Write the null and alternative hypotheses. Answer: Pag
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380 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Finding a P-value for a Left-Tailed Test

The area to the left Find the P-value for a left-tailed hypothesis test with a test statist.
of z=—2231s 7z = —2.23. Decide whether to reject Hy if the level of significance is =
P =0.0129. .

Solution

The graph shows a standard normal curve with a shaded area to the Ik
7z = —2.23. For a left-tailed test,

P = (Areain left tail).

3 fz 1 0 1 2 3 i From Table 4 in Appendix B, the area corresponding to z = —2.23 is

7=-2.23 which is the area in the left tail. So, the P-value for a left-tailed hypothz=

ith tistic of z = —2.23 is P = 0.0129.
Left-Tailed Test with a test statistic of z 18 0

Interpretation Because the P-value of 0.0129 is greater than 0.01, vou ==
fail to reject Hy,.

Find the P-value for a left-tailed hypothesis test with a test statist.
z = —1.62. Decide whether to reject Hy if the level of significance is o =

a. Use Table 4 in Appendix B to locate the area that corresponds to z = -
b. Calculate the P-value for a left-tailed test, the area in the left tail.
¢. Compare the P-value with o and decide whether to reject Hy.

Answer

Finding a P-value for a Two-Tailed Test

Find the P-value for a two-tailed hypothesis test with a test statistic of = = -
The area to the right Decide whether to reject Hj if the level of significance is & = 0.05.

of z=2.141is 0.0162, so
P =2(0.0162) =0.0324.

Solution

The graph shows a standard normal curve with shaded areas to the l==
7z = —2.14 and to the right of z = 2.14. For a two-tailed test,

P = 2(Area in tail of test statistic).

From Table 4, the area corresponding to z = 2.14 is 0.9838. The area in
right tail is 1 — 0.9838 = 0.0162. So, the P-value for a two-tailed hypoi=:
test with a test statistic of z = 2.14 is P = 2(0.0162) = 0.0324.

Two-Tailed Test Interpretation Because the P-value of 0.0324 is less than 0.05, you shoo
reject Hy,.

Find the P-value for a two-tailed hypothesis test with a test statistic
z = 2.31. Decide whether to reject Hy if the level of significance is @ = (

a. Use Table 4 to locate the area that corresponds to z = 2.31.
b. Calculate the P-value for a two-tailed test, twice the area in the tail o7 =
test statistic.
¢. Compare the P-value with a and decide whether to reject H.
Answer: Pag






WO [RUISLIO 91 JO

JX0]U02 9T} Ul UOISIOAP 1) JoxdIojuf

07 100lar

0] [Te] ‘9stmMIay}() “® 01

renba 10 uey) SSIT ST

anfea-4 Ji Oy 100leyg
*(o1IS1)E]S 1591 JO [IB) UT BAIY )7 = J 1S9} PI[IBI-0M] B IO *d
(Tre1 S U BAIY ) = 4 1S9} POIe)-1ySII B 10 °q
([1e3 1391 UT ALY ) = 4 “IS3) PI[Ie}-}Jo] & 10 "B

on[eA-4 Y3 PUL] °C

2 0}

'sisapodAy [nu oy 109[a1 03
[Te] 10 103[oI 0] WOISIdAP B BN

‘g xipuaddy ur ¢ 91qe] 9sN spuodsa1100 JeY) BAIR 9} PUL] ‘p
'S~ 0 9sn
UA o “O1ISTIBIS
‘0 = U J1 10 = > 1S9) POZIpIRPUR)S O] QUIMINNO( °€
‘0 AINuep] "20UROHIUSIS JO [9A9] 9} AJ109dS *g

'sosoy10dAY oA RUID)E pUR
[[nu 2y} Aj13uop] ‘A[[RQISA pUE
A[TeoniBWoyIBW WIBD AU} 9181S

“'H pue [ 2118

514 4y

1 UB3IA JOJ 1S3]-Z B 10} SanjeA-d Buisn

= = — —

*.0 J0 90e[d uI § uOnRIARDP pIepuels o[dures 9y} 9sn ULd NOA ‘(O = U USYM

i

L0 = 10110 pIEpUR)S = =5 e [0y

BN

e o0
*2 ST O1SIIB)S 1$3) PazIpIepuE)s o) pue x ueow d[duwes
31 SI d[SHL)S 189} YT (¢ ISk Ik st 1 oz1s o[dwes oy uoym vonendod
Aue 107 10 ‘Umouy st .0 pue [ewrou st uonendod oY) uayM pasn aq ULd
1891-2 Y, "ueaw uonendod e IOF 1597 [BOIISIIBIS B ST UBIWI B X0J }S93-2 oY,

10112 pIepuel§

= 2

(ueow pazisojodAH) — (ueow ojduwieg)

' X 01ISTIEIS 1891 INOA 10T anjea

3N SI SIss Lt

[[NU Y3} JO UOIHPUOD AYjerc=
1y} uondwnsse ayl Uo pas:

1591 ay3 40 21b0o| 8y ‘Ajpusnc=
‘pue uoinqusip Puijdi.s

1eyl 9ziseydwig "3591 9y} JO DL
pue1sISpUN O3 SIUBPNIS JOJ U3
soYew 1ewJlo) swes ayy buis-
9y1 1noybnouyy buiysay sissL
|| 4O} 1eWIO) dwies Syl ==

AopnJisuj o1 =

"0 Jo ade|d ul pasT
9q ued s dJdym ‘U A =
S| 1043 pJepuels 3u_

‘uesi
pazisaylod/.
ayls

uesw au_

‘lewuou s adeys su_

‘suesw 9|dw=s

uoinguasip buidwes syl 17w
Buimojjos sy mouy no’ -
15e9] 1e s| 9z|s ojdwes ayy u=.

\

3Ybisu

D1ISnEE

1591 pazipJepuels =..
SpPN|DUl PINOYS YdIdNS .70
‘uoinqlasip buljc=

9yl Yo1ays 01 [nydjsu = &
's3s91 sisayrodAy jje L

dij A

pazipIepue)s 9y} pulj 0} Paou nok 1S93-2 ) asn O, ‘ewLIou SI sueaw ordures Jjo
uonnqrisip surdures oy oy 10y suonemndod ur pasn St uawW aY) 10 1891-2 Y,

}s9]-Z e 10} sanjen-4 buisn «

I8¢ (S3TdINVS 3DYVT) NVIIN IHL ¥O4 ONILSIL SISTHLODAH T L NOILD3S






382

HYPOTHESIS TESTING WITH ONE SAMPLE

Hypothesis Testing Using P-values

In an advertisement, a pizza shop claims that its mean delivery time is less -
30 minutes. A random selection of 36 delivery times has a sample mean - -
minutes and a standard deviation of 3.5 minutes. Is there enough evider -

support the claim at @ = 0.01? Use a P-value.

Solution The claim is “the mean delivery time is less than 30 minutes

the null and alternative hypotheses are

The level of significance is « = 0.01.

In Table 4 of Appendix B, the area corresponding to z = —2.57 is (1.1~
Because this test is a left-tailed test, the P-value is equal to the area to the
of z = —2.57. So, P = 0.0051. Because the P-value is less than « = 0.07

Hy: p = 30 minutes and H;: p < 30 minutes. (Claim)

X —p
Z'= Because 1 = 30, use the z-test.
a/Vn
28.5 = 30
= Because n = 30, use o ~ s = 3.5. Assume = 30.
3.5/\V/36
~ —2.57.

should decide to reject the null hypothesis.

Interpretation At the 1% level of significance, you have sufficient evide-
to conclude that the mean delivery time is less than 30 minutes,

Homeowners claim that the mean speed of automobiles traveling on t--
street is greater than the speed limit of 35 miles per hour. A random samp!=
100 automobiles has a mean speed of 36 miles per hour and a stanc:--
deviation of 4 miles per hour. Is there enough evidence to support the clair

The area to the left
of z=-2.57 is
P =0.0051.

Left-Tailed Test

a = 0.05? Use a P-value.

e a0 T

. Identify the claim. Then state the null and alternative hypotheses.
. Identify the level of significance.

. Find the standardized test statistic z.

. Find the P-value.

. Decide whether to reject the null hypothesis.

Interpret the decision in the context of the original claim.

The standardized test statistic is

Answer: Pag
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384 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Using a Technology Tool to Find a P-value
What decision should you make for the following TI-83/84 displays, usin: -

level of significance of a = 0.05?
Using a TI-83/84, you can either TI-83/84 TI-83/84
enter the original data into a list —
to find a P-value or enter the E-I'TE"f-’f_-D ; L—IEEE
inti tatistics. I"IF':-=_a-EE.Ei.E K s
descrlptlvg statistics HEiE.E - E113l§-'-1-?'-'-1-1l':'-
Ti .47 F=. Bd4nde4 255
MiG. H7 H=G. @7
Choose the TESTS menu. = n=o3%
K {po e
1: Z-Test... Calculate DOraw
Select the Data input option if
you have entered the original Solution The P-value for this test is given as 0.0440464253. Becausc =
data. Select the Stats input P-value is less than 0.05, you should reject the null hypothesis.
option if you are entering
the descriptive statistics.

In each case, enter the
appropriate values
including the corresponding
type of hypothesis test
indicated by the alternative
hypothesis. Then select
Calculate.

For the TI-83/84 hypothesis test shown in Example 6, make a decision at =
a = 0.01 level of significance.

a. Compare the P-value with the level of significance.
b. Make your decision. Answer: Pag

» Rejection Regions and Critical Values

Another method to decide whether to reject the null hypothesis is to determas
whether the standardized test statistic falls within a range of values called
rejection region of the sampling distribution.

Insight

If the test statistic
falls in a rejection
region, it would

be considered an
unusual event.

% A rejection region (or critical region) of the sampling distribution is the
E range of values for which the null hypothesis is not probable. If a tes:
| statistic falls in this region, the null hypothesis is rejected. A critical value -
| separates the rejection region from the nonrejection region.

Finding Critical Values in a Normal Distribution
1. Specify the level of significance .

2. Decide whether the test is left-tailed, right-tailed, or two-tailed.

3. Find the critical value(s) zo. If the hypothesis test is

a. left-tailed, find the z-score that corresponds to an area of a.

b. right-tailed, find the z-score that corresponds to an area of 1 — «.
¢. two-tailed, find the z-scores that correspond to %a and 1 — %a.

4. Sketch the standard normal distribution. Draw a vertical line at each
critical value and shade the rejection region(s).
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HYPOTHESIS TESTING WITH ONE SAMPLE

» Using Rejection Regions for a z-Test

To conclude a hypothesis test using rejection region(s), you make a decision =
interpret the decision as follows.

To use a rejection region to conduct a hypothesis test, calculate thc
standardized test statistic z. If the standardized test statistic

1. is in the rejection region, then reject Hy.

2. is not in the rejection region, then fail to reject Hy.

Fail to reject H,. Fail to reject H,,.

Reject H,,. Reject #
1 1 z } i
Z=Zoginig 0 7 27%
Left-Tailed Test Right-Tailed Test

Fail to reject H,,.

Reject H,,. Reject H,.

Z
I<tmie § & £24

Two-Tailed Test

Failing to reject the null hypothesis does not mean that you have accer -
the null hypothesis as true. It simply means that there is not enough eviden:-
reject the null hypothesis.

i

Using Rejection Regions for a z-Test for a Mean u

1. State the claim mathematically State Hy and H,.
and verbally. Identify the null
and alternative hypotheses.

2. Specify the level of significance. Identify «.
3. Sketch the sampling distribution.
4. Determine the critical value(s). Use Table 4 in Appendix B.
5. Determine the rejection region(s).
Y ey
6. Find the standardized test statistic. z= ; M, orif n = 30
o/Vn
use o ~ s.
7. Make a decision to reject or fail to If z is in the rejection region
reject the null hypothesis. reject Hy. Otherwise, fail to
reject Hy.
8. Interpret the decision in the context
/ of the original claim.
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388 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Testing u with a Large Sample

The U.S. Department of Agriculture reports that the mean cost of rais::
child from birth to age 2 in a rural area is $10,460. You believe this vz
incorrect, so you select a random sample of 900 children (age 2) and finé =
the mean cost is $10,345 with a standard deviation of $1540. At @ = ©
there enough evidence to conclude that the mean cost is different = =
$10,460? (Adapted from U.S. Department of Agriculture Center for Nutrition P
Promotion)

Solution You want to support the claim that “the mean cost is diffc o

£-Test from $10,460.” So, the null and alternative hypotheses are

it %4238259?4

Z= = L] L . —

H= puly

=255 i

H, pn # $10,460. (Claim)
Because the test is a two-tailed test and the level of significance is a =

Using a TI-83/84, you can the critical values are —zy = —1.96 and z, = 1.96. The rejection region:
find the standardized test 7 < —1.96 and z > 1.96. The standardized test statistic is

statistic automatically. =
- M
= Because n = 30, use the z-test.
a/Nn
10,345 — 10,460  Because n = 30, use o ~ s = 1540,

T 900 Assume p = $10.460.
—2.24.

%

The graph shows the location of the
. To explore this topic further, rejection regions and the standardized
- see Activity 7.2 on page 395. test statistic z. Because z is in the
rejection region, you should reject the

null hypothesis.

Interpretation You have enough
evidence to conclude that the mean 7==224 —z5=-196 z5=19¢
cost of raising a child from birth to
age 2 in a rural area is significantly
different from $10,460 at the 5% level
of significance.

5% Level of Significance

Using the information and results of Example 10, determine whether the=: ¢
enough evidence to support the claim that the mean cost of raising a child from
birth to age 2 in a rural area is different from $10,460. Use a = 0.01.

a. Identify the level of significance .

b. Find the critical values %z, and identify the rejection regions.
c. Sketch a graph. Decide whether to reject the null hypothesis.
d. Interpret the decision in the context of the original claim.

Answer: I
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T1-83/84
T-Test

Inpt:Data
U118

x. 128

Sx:20

n:11

L o

Calculate Draw

Note that the TI-83/84 display

on the far right in Example 6 also
displays the standardized test
statistic t ~ 1.6583.

If you are using the TI-83/84 and
have the original data from a
sample, remember that you can
enter it into a list and use
the Data input option
instead of the Stats input
option. To use MINITAB
to perform a one-sample |
t-test, you must have
the original data.

HYPOTHESIS TESTING WITH ONE SAMPLE

» Using P-values with t-Tests

Suppose you wanted to find a P-value given ¢t = 1.98, 15 degrees of frec-
and a right-tailed test. Using Table 5 in Appendix B, you can determine i~

falls between @ = 0.025 and « = 0.05, but you cannot determine an exact = =

for P. In such cases, you can use technology to perform a hypothesis tes:

find exact P-values.

Using P-values with a t-Test

The American Automobile Association claims that the mean daily mez -

for a family of four traveling on vacation in Florida is $118. A random sz~

of 11 such families has a mean daily meal cost of $128 with a standard dev -

of $20. Is there enough evidence to reject the claim at « = 0.107 Ass -

the population is normally distributed. (Adapred from American A
Association)

Solution The TI-83/84 display at the far left shows how to set u-
hypothesis test. The two displays on the right show the possible results, dep<= -
on whether you select “Calculate” or “Draw.”

T1-83/84
T-Test e
p=118 Sy
t-1.658312395 A
p-.1282453922 /
x=128 ' [

Sx=20
n=11 t-1.6583  |p=.1282

From the displays, you can see that P ~ (0.1282. Because P > 0.1
should fail to reject the null hypothesis. In other words, there is not <=
evidence to reject the claim at the 10% level of significance.

The American Automobile Association claims that the mean nightly looo

rate for a family of four traveling on vacation in Florida is at least S+~
random sample of 6 such families has a mean nightly lodging rate of $17-
a standard deviation of $15. Is there enough evidence to reject the clz =
a = 0.05?7 Assume the population is normally distributed. (Adap:
American Automobile Association)

a. Use a TI-83/84 to find the P-value.
b. Compare the P-value with the level of significance a.
¢. Make a decision.
d. Interpret the decision in the context of the original claim.
Answer: |






398 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Finding Critical Values for t
Find the critical value f, for a right-tailed test with « = 0.01 and n = 17.

Solution The degrees of freedom are

df.=n-1
= 17=1
= 16.
To find the critical value, use Table 5 with 4 3 2 -1 0 1 2 :
df. = 16 and « = 0.01 in the “One tail, fp=23%

«” column. Because the test is right tailed,
the critical value is positive. So,

Find the critical value f, for a right-tailed test with « = 0.05 and n = ©

a. Find the t-value in Table S using d.f. = 8 and a = 0.05 in the “One =
column.
b. Use a positive sign. Answer:

Insight

To learn how to
determine if a
random sample

is taken from a
normal distribution,
see Appendix C.

Finding Critical Values for t
Find the critical values f, and —f, for a two-tailed test with a = (.05 =
n=726.

Solution The degrees of freedom are

df. =n-1
=26 —1
= 25.
To find the critical value, use Table 5 with 4 -3 /ﬁ =1
df. = 25 and « = 0.05 in the “Two tail, a” —1y==2.060 =2

column. Because the test is two-tailed, one
critical value is negative and one is
positive. So,

—t, = —2.060 and 1, = 2.060.

Find the critical values £, for a two-tailed test with « = 0.01 and »

a. Find the t-value in Table 5 using d.f. = 15 and « = 0.01 in the “ T+
a” column.
b. Use a negative and a positive sign. Answe
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7 HYPOTHESIS TESTING WITH ONE SAMPLE

Testing . with a Small Sample See MINITAB

A used car dealer says that the mean price of a 2005 | Steps on page 43~
Honda Pilot LX is at least $23,900. You suspect this

claim is incorrect and find that a random sample of

14 similar vehicles has a mean price of $23,000 and a

standard deviation of $1113. Is there enough evidence

to reject the dealer’s claim at « = 0.05? Assume the

population is normally distributed. (Adupred from Kelley

Blue Book)

Solution

The claim is “the mean price is at least $23,900.” So, the null and alternat -
hypotheses are

Hy: p = $23,900 (Claim)
and
H,: < $23,900.

The test is a left-tailed test, the level of significance is « = 0.05, and there -~
d.f. = 14 — 1 = 13 degrees of freedom. So, the critical value is f, = —1.7~
The rejection region is ¢ < —1.771. The standardized test statistic is
X —p
t = Because n < 30, use the r-test.

- s/Vn

23,000 — 23,900
= Assume u = 23,900.

1113/\V/14

—3.026.

1%

The graph shows the location of the
rejection region and the standardized test
statistic . Because ¢ is in the rejection
region, you should decide to reject the null
hypothesis.

Interpretation There is enough evidence
at the 5% level of significance to reject the

- claim that the mean price of a 2005 Honda
Pilot LX is at least $23,900.

773[52 40 1 2
t==-3.026 t,=-1.771

- An insurance agent says that the mean cost of insuring a 2005 Honda Pilo: -
is at least $1350. A random sample of 9 similar insurance quotes has a =
cost of $1290 and a standard deviation of $70. Is there enough evidenc-
reject the agent’s claim at a = 0.01? Assume the population is norm:
distributed.

. Identify the claim and state H and H,,.

. Identify the level of significance « and the degrees of freedom d.f.
Find the critical value f; and identify the rejection region.

. Use the r-test to find the standardized test statistic z.

. Sketch a graph. Decide whether to reject the null hypothesis.
Interpret the decision in the context of the original claim.

=0 a0 TR

Answer: Pac
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408 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

Hypothesis Test for a Proportion See TI-83/34 ster

A research center claims that less than 20% of Internet | On page 435.
users in the United States have a wireless network in their

home. In a random sample of 100 adults, 15% say they

have a wireless network in their home. At « = 0.01, is

there enough evidence to support the researcher’s claim?

(Adapted from Pew Research Center)

Solution The products np = 100(0.20) = 20 and ng = 100(0.80) = 80 =r:
both greater than 5. So, you can use a z-test. The claim is “less than 20% hz -
a wireless network in their home.” So, the null and alternative hypotheses z-

Hy:p =02 and H,: p <02. (Claim)

Because the test is a left-tailed test and the level of significance is @ = (.
the critical value is zg = —2.33 and the rejection region is z < —2.33. T~
standardized test statistic is

pP—p
Vpg/n

z= Because np = 5 and ng = 5, you can use the z-ic

= ol 09 Assume p = 0.2.

1/(0.2)(0.8)/100

= —1.25.

Remember that when you fail
to reject Hy, a type Il error

is possible. For instance,

in Example 1 the null
hypothesis, p = 0.2,
may be false.

The graph shows the location of the
rejection region and the standardized test
statistic z. Because z is not in the rejection
region, you should fail to reject the null

—4—3/—2 0 1 2 3 -

hypothesis. 75=-2.33

Interpretation At the 1% significance level, there is not enough evidence °
support the claim that less than 20% of Internet users in the United States hz -
a wireless network in their home.

A research center claims that less than 30% of cellular phone users whos:
phone can connect to the Internet have done so while at home. In a rando—
sample of 86 adults, 20% say they have used their cellular phone to connec: *

the Internet while at home. At « = 0.05, is there enough evidence to suppc-
the researcher’s claim? (Adapted from Pew Research Center)

. Verify that np = 5 and nq = 5.

. Identify the claim and state Hy and H,.

. Identify the level of significance «.

. Find the critical value z; and identify the rejection region.

. Use the z-test to find the standardized test statistic z.

Decide whether to reject the null hypothesis. Use a graph if necessary.
. Interpret the decision in the context of the original claim.  Asnswer: Page

o Mmoo 0 T

To use a P-value to perform the hypothesis test in Example 1, use Tablc -
to find the area corresponding to z = —1.25. The area is 0.1056. Because this -
left-tailed test, the P-value is equal to the area to the left of z = —1.25. &
P = 0.1056. Because the P-value is greater than & = 0.01, you should fail to re -
the null hypothesis. Note that this is the same result obtained in Example 1.
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410 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

niamnTs

STETHT

Using a TI-83/84, you can find
the standardized test statistic
automatically.

-~ To explore this topic further,
~ see Activity 7.4 on page 413.

Hypothesis Test for a Proportion

The Pew Research Center claims that more than 55% of U.S. adults re gu
watch their local television news. You decide to test this claim and -
random sample of 425 adults in the United States whether they regularly + -
their local television news. Of the 425 adults, 255 respond yes. At a = (-
there enough evidence to support the claim?

Solution The products np = 425(0.55) ~ 234 and ng = 425(0.45

are both greater than 5. So, you can use a z-test. The claim is “more than <
of U.S. adults watch their local television news.” So, the null and alter-
hypotheses are

Hy: p = 0.55 and H,: p > 0.55. (Claim)

Because the test is a right-tailed test and the level of significance is a =
the critical value is zo = 1.645 and the rejection region is z > 1.645
standardized test statistic is

Z'= L_P Because np = 5 and ng = 5, you can use th-
Vpg/n
(x/n) — p )
= —\/7q_/n— P = X/H.

(255/425) — 0.55

~ V(055)(045)/425

~ 2.07.

Assume p = 0.55.

The graph shows the location of the
rejection region and the standardized test

statistic z. Because z is in the rejection e p iy I
region, you should decide to reject the null 4 -3-2-1 0 1 / 2
hypothesis. 7p=1.645

Interpretation There is enough evidence at the 5% level of significa~ -
support the claim that more than 55% of U.S. adults regularly watch the -
television news.

The Pew Research Center claims that more than 30% of U.S. adults rez -
watch the Weather Channel. You decide to test this claim and ask a r=- =
sample of 75 adults whether they regularly watch the Weather Channel ©

75 adults, 27 respond yes. At a = 0.01, is there enough evidence to .-
the claim?

. Verify that np = 5 and ng = 5.

. Identify the claim and state H, and H,.

Identify the level of significance «.

- Find the critical value z and identify the rejection region.

. Use the z-test to find the standardized test statistic z.

Decide whether to reject the null hypothesis. Use a graph if necessar:
- Interpret the decision in the context of the original claim.

™o aAae T

Answer
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Note to Instructor

This section can be omitted or
covered later (with Chapter 10)
without loss of continuity.

b Critical Values for a y?-Test

In real life, it is often important to produce consistent predictable results. &
instance, consider a company that manufactures golf balls. The manufactu--
must produce millions of golf balls, each having the same size and the sz=
weight. There is a very low tolerance for variation. If the population is norr -
you can test the variance and standard deviation of the process using ==
chi-square distribution with n — 1 degrees of freedom.

ﬁ

\

Finding Critical Values for the y?-Test |
1. Specify the level of significance «. |
2. Determine the degrees of freedom d.f. = n — 1. \‘
3. The critical values for the y?-distribution are found in Table 6 of ‘
Appendix B. To find the critical value(s) for a |

a. right-tailed test, use the value that corresponds to d.f. and «. ‘

b. left-tailed test, use the value that corresponds to d.f. and 1 — . |

|

¢. two-tailed test, use the values that correspond to d.f. and S« and d.f
and 1 — ja.

Finding Critical Values for y?
Find the critical y*-value for a right-tailed test when n = 26 and « = 0.10

Solution The degrees of freedom are
df. =n—-1=26 —1=25.

The graph at the right shows a
x°-distribution with 25 degrees of
freedom and a shaded area of « = 0.10
in the right tail. In Table 6 in Appendix B
with d.f. = 25 and « = 0.10, the critical
value is

X = 34.382.

X% =34.382

* Find the critical y?-value for a right-tailed test when n = 18 and @ = 0.01

Find the value using Table 6 in Appendix B with d.f. = n — 1 and the area -

Answer: Page






' df.=n—-1=13—1=12. The graph
12 degrees of freedom and a shaded area

- the right of the critical values are
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Finding Critical Values for N
Find the critical y?-value for a left-tailed test when n = 11 and a = 0.01.

Solution The degrees of freedom are
df. =n —1=11— 1= 10.The graph
at the right shows a x’-distribution with
10 degrees of freedom and a shaded
area of & = 0.01 in the left tail. The area
to the right of the critical value is

1—a=1-001=099. ~

In Table 6 with d.f. =10 and the en
area 1 — a = 0.99, the critical value is
X% = 2.558. ‘

Find the critical y>-value for a left-tailed test when n = 30 and o = 0.05.

Find the value using Table 6 with d.f. = n — 1 and the area 1 — .
Answer: Page A44

| Finding Critical Values for x?

Find the critical y’-values for a two-tailed test when n = 13 and o = 0.01.

Solution The degrees of freedom are
at the right shows a x’-distribution with

of %a = (0.005 in each tail. The areas to

Ta = 0.005
and
1—1a =099.

In Table 6 with d.f. = 12 and the areas
0.005 and 0.995, the critical values are
x3 = 3.074 and x3 = 28.299.

Find the critical y>-values for a two-tailed test when n = 19 and @ = 0.05.
a. Find the first critical value X; using Table 6 with d.f. =»n — 1 and the

L
area ; a.

b. Find the second critical value )(z using Table 6 with d.f. = n — 1 and the
areal — %a. Answer: Page A44
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Note that because chi-square distributions are not symmetric (like normal c-
; t-distributions), in a two-tailed test the two critical values are not opposites. Eac™
| critical value must be calculated separately. -

» The Chi-Square Test

To test a variance ¢ or a standard deviation o of a population that is normal- h

distributed, you can use the x’-test. The y*-test for a variance or standa::
deviation is not as robust as the tests for the population mean p or the populatic-
proportion p. So, it is essential in performing a y’-test for a variance or standz--
deviation that the population be normally distributed. The results can be mislead:~:
if the population is not normal.

The x>-test for a variance or standard deviation is a statistical test for a
population variance or standard deviation. The X>-test can be used when th=
population is normal. The test statistic is s> and the standardized test statistic
(n—1)s

0_2

2 =

follows a chi-square distribution with degrees of freedom

df.=n— 1.

Using the y2-Test for a Variance or Standard Deviation
Note to Instructor In Words

Review the properties of chi-square ] ;
distriticitans. Tell shdors Pt this 1. State the claim mathematically and State Hy and H,.

family of distributions will be used verbally. Identity the null and
in later chapters, but the degrees alternative hypotheses.

' of freedom for those tests are not 2. Specify the level of significance. Identify «.
necessarily n — 1. ‘
3. Determine the degrees of freedom and dii=n—1

sketch the sampling distribution.

4. Determine any critical values. Use Table 6 in Appendix E
Note to Instructor 5. Determine any rejection regions.
Although other methods of testing )
hypotheses h Iso required - : o ,_(n—1s
! JROLIRSRS ave - aisg TegLIre 6. Find the standardized test statistic. X' = =
f that data come from normally o
st populatlons, the 7. Make a decision to reject or fail to If x? is in the rejection
‘ tests for variances and standard - : - :
1 reject the null hypothesis. region, reject Hj.

‘ deviations can be misleading

if the populations are not normal. Otherwise, fail to

5 Explain that the condition for reject Hy.
a normal distribution is more 8
important for tests of variances )
or standard deviations.

Interpret the decision in the context
of the original claim.






A community
center claims that
the chlorine level

# in its pool has a
standard deviation of 0.46 parts
oer million (ppm). A sampling
of the pool’s chlorine levels at 25
random times during a month
yields a standard deviation of
0.61 ppm. (Adapted from American

20l Supply)

Frequency

I T X
10 14 1.8 22 26 3.0
Chlorine level (ppm)

At a = 0.05 is there enough
evidence to reject the claim?

-<. at the 5% significance level, there

:nough evidence to reject the claim
t the chlorine level in the pool has
andard deviation of 0.46 parts
million.
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Using a Hypothesis Test for the Population Variance

A dairy processing company claims that the variance of the amount of fat in
the whole milk processed by the company is no more than 0.25. You suspect
this is wrong and find that a random sample of 41 milk containers has a
variance of 0.27. At & = 0.0, is there enough evidence to reject the company’s
claim? Assume the population is normally distributed.

Solution The claim is “the variance is no more than 0.25.” So, the null and
alternative hypotheses are

Hy:o? < 025 (Claim) and  Hy:o” > 025.

The test is a right-tailed test, the level of significance is o = 0.05, and there are
df. = 41 — 1 = 40 degrees of freedom. So, the critical value is

X = 55.758.
The rejection region is x> > 55.758. The standardized test statistic is
X2 = (—n—izi)f Use the chi-square test.
= M—l—_o'lz)sﬁﬂ Assume o = 0.25.
= 43.2.

The graph shows the location of the
rejection region and the standardized test
statistic y>. Because x> is not in the
rejection region, you should fail to reject
the null hypothesis.

Interpretation You don’t have enough
evidence at the 5% level of significance to
reject the company’s claim that the
variance of the amount of fat in the whole
milk is no more than 0.25.

. A bottling company claims that the variance of the amount of sports drink in

a 12-ounce bottle is no more than 0.40. A random sample of 31 bottles has a
variance of 0.75. At @ = 0.01, is there enough evidence to reject the company’s
claim? Assume the population is normally distributed.

a. Identify the claim and state H, and H,,.

b. Identify the level of significance « and the degrees of freedom d.f.

¢. Find the critical value and identify the rejection region.

d. Use the y’-test to find the standardized test statistic x°.

e. Decide whether to reject the null hypothesis. Use a graph if necessary.

f. Interpret the decision in the context of the original claim.
Answer: Page A44
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T Using a Hypothesis Test for the Standard Deviation

A restaurant claims that the standard deviation in the length of serving tim-

is less than 2.9 minutes. A random sample of 23 serving times has a standar:

deviation of 2.1 minutes. At @ = 0.10, is there enough evidence to support ©=
restaurant’s claim? Assume the population is normally distributed.

Although you are testing
a standard deviation in
Example 5, the y%-statistic
requires variances. Don't
forget to square the given
standard deviations to
calculate these variances.

Solution The claim is “the standard deviation is less than 2.9 minutes
So, the null and alternative hypotheses are

Hy:o = 29 minutes and H; o <29 minutes. (Claim)

The test is a left-tailed test, the level of significance is @ = 0.10, and there =7

df. =23 -1
=22
degrees of freedom. So, the critical value is
X5 = 14.042.
The rejection region is x> < 14.042. The standardized test statistic is
A = (—n_—zlé)sz Use the chi-square test.
ag
= (23—_219#1))2 Assume o = 2.9.
~ 11.536.

The graph shows the location of the
rejection region and the standardized
test statistic x°. Because x° is in the
rejection region, you should reject the
null hypothesis.

Interpretation There is enough evidence
at the 10% level of significance to support

the claim that the standard deviation for 510 \ 20 25 30 35 4
the length of serving times is less than ' =11.536 2 = 14.042
2.9 minutes.

A police chief claims that the standard deviation in the length of response 1=
is less than 3.7 minutes. A random sample of 9 response times has a stanc-
deviation of 3.0 minutes. At @ = 0.05, is there enough evidence to suppor:

police chief’s claim? Assume the population is normally distributed.

. Identify the claim and state H, and H,.
. Identify the level of significance « and the degrees of freedom d.f.
. Find the critical value and identify the rejection region.
. Use the y’-test to find the standardized test statistic_ g
. Decide whether to reject the null hypothesis. Use a graph if necessary.
Interpret the decision in the context of the original claim.
Answer: Pag

e s T
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Using a Hypothesis Test for the Population Variance

A sporting goods manufacturer claims that the variance of the strength in
a certain fishing line is 15.9. A random sample of 15 fishing line spools has
a variance of 21.8. At « = 0.05, is there enough evidence to reject the
manufacturer’s claim? Assume the population is normally distributed.

Solution The claim is “the variance is 15.9.” So, the null and alternative
hypotheses are

Hy: o? = 159 (Claim)  and ~ H, o # 159
The test is a two-tailed test, the level of significance is « = 0.05, and there are
df. =15 -1
=14
degrees of freedom. So, the critical values are XE = 5.629 and )(12e = 26.119.

The rejection regions are x> < 5.629 and x*> > 26.119. The standardized test
statistic is

, (n-— 1)s?
X == Use the chi-square test.
oz
(15 — 1)(21.8) i
= C > o2 = 15.9
15.9 Assume o 159
~ 19.195.

The graph shows the location of the
rejection regions and the standardized
test statistic y>. Because x* is not in the
rejection regions, you should fail to reject
the null hypothesis.

Interpretation At the 5% level of
significance, there is not enough evidence
to reject the claim that the variance in the
strength of the fishing line is 15.9.

A tire manufacturer claims that the variance of the diameters in a certain tire
model is 8.6. A random sample of 10 tires has a variance of 4.3. At & = 0.01. is
there enough evidence to reject the manufacturer’s claim? Assume the
population is normally distributed.

. Identify the claim and state H, and H,.
. Identify the level of significance a and the degrees of freedom d.f.
Find the critical values and identify the rejection regions.
. Use the y*-test to find the standardized test statistic X
. Decide whether to reject the null hypothesis. Use a graph if necessary.
Interpret the decision in the context of the original claim.
Answer: Page A44
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EXERCISES

\
| .y g " . y
| m Building Basic Skills and Vocabulary
1. Explain how to find critical values in a x> sampling distribution.
2. Explain how to test a population variance or a population standard deviatior
In Exercises 3-8, find the critical value(s) for the indicated test for a populatior
variance, sample size n, and level of significance a.
3. Right-tailed test, 4. Right-tailed test,
n=27,a=0.05 n=10,a = 0.10
5. Left-tailed test, 6. Left-tailed test,
n=7a=001 n=24,a =005
7. Two-tailed test, 8. Two-tailed test,
n=16,a = 0.10 n=29 a=001
1. Specify the level of significance
«. Determine the degrees of
T (.Determir;e the critical Graphical Analysis In Exercises 9-12, state whether the standardized i
values using the x distribution. statistic x* allows you to reject the null hypothesis.
J right-tailed test, use the
value that corresponds to d.f. 9. (a) x> =2.091 10. (a) x> = 0.771
and «; (b) left-tailed test, use the (b) X2 =0 (b) Xz = 9.486
| value that corresponds to d.f. 5 5
and 1 — q; (c) two-tailed test, (¢) x” =1.086 () x =0701
use the value that corresponds (d) x* =6.3471 (d) x*=9.08
to d.f. and Ja and 1 — Ja.
2. State Hy and H,. Specify the
level of significance. Determine
the degrees of freedom.
Determine the critical value(s)
and rejection region(s). Find the
standardized test statistic. Make
a decision and interpret in the ... e - 2
context of the original claim. 2 4 6\ 8 10 / 2 4 6 8 /10 12
3.38.885 4. 14684 5. 0.872 X5 =6.251 x;=0711 )G =9.488
6. 13.091 7. 7.261, 24.996
8. 12, SR 11 (a) x* = 22.302 12. (a) x* = 10.065
9. (a) Fail to reject Hy. (b) X2 — 23309 (b) X2 = 10.075
e 0 ¢ -ha @ 1 - 035
i (d) % = 8.577 (d) x2 = 10.745
(d) Reject Ho.
10. (a) Fail to reject Hp.
(b) Fail to reject H,.
(c) Reject Hy. (d) Reject H.
11. (a) Fail to reject H,.
(b) Reject Hy.  (c) Reject Hy. .
(d) Fail to reject H,. | 7 ,. P
12. (a) Fail to reject Ho. , s /10 15 zolzs 2;0 306 9 2\12 15 ;8
(b) Fail to reject H. X2 =8547 Xz =22307 X, =10.64

(c) Fail to reject H.
(d) Reject H.






Fail to reject Ho. At the 5%
significance level, there is not
enough evidence to reject
the claim.

Lt Fail to reject Hp. At the 1%

significance level, there is not
enough evidence to support the
claim.
a) Hy: o2 = 3 (claim); Hy: 0® # 3
b) x2 = 13.844, xi = 41.923
Rejection regions:
y2 < 13.844, x? > 41.923

¢) 24267 (d) Fail to reject Ho.

e) At the 5% significance level,
there is insufficient evidence
to reject the large appliance
company's claim that the
variance of the life of the
appliances is 3.

See Selected Answers, page A109.

a) Hp:o =36; Hyo <36
(claim)

o) x2 = 13.240; Rejection

region: x* < 13.240

18.076  (d) Fail to reject H.
) At the 10% significance

level, there is insufficient

evidence to support the test

administrator’s claim that the

standard deviation for eighth

graders on the examination
is less than 36 points.

(D

(4
]

Selected Answers, page A109.
3) Ho: o = 0.5 (claim);
Hy:o > 0.5
) x2 = 33.196; Rejection
region: x? > 33.196
47.04 (d) Reject Ho.

=) At the 10% significance
level, there is sufficient
evidence to reject the
hospital spokesperson’s
claim that the standard
deviation of the waiting
times is no more than 0.5
minute.

Il

sze Selected Answers, page A109.
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In Exercises 13 and 14, use a x*-test to test the claim about the population variance
o2 or standard deviation o at the given level of significance a using the given
sample statistics. Assume the population is normally distributed.

13.
14.

Claim: ¢ = 0.52; @ = 0.05. Sample statistics: s =0.508,n =18
Claim: o < 40; @ = 0.01. Sample statistics: s = 408, n =12

Testing Claims In Exercises 15-24, (a) write the claim mathematically and
identify Hy and H,, (b) find the critical value(s) and identify the rejection

region(s), (c) use the

x>-test to find the standardized test statistic, (d) decide

whether to reject or fail to reject the null hypothesis, and (e) interpret the decision
in the context of the original claim. For each claim, assume the population is
normally distributed.

15.

16.

17.

18.

19.

20.

Life of Appliances A large appliance company estimates that the variance
of the life of its appliances is 3. You work for a consumer advocacy group
and are asked to test this claim. You find that a random sample of the
lives of 27 of the company’s appliances has a variance of 2.8. At @ = 0.05,
do you have enough evidence to reject the company’s claim? (Adapred from
Consumer Reports)

Hybrid Vehicle Gas Mileage An automotive manufacturer believes that
the variance of the gas mileage for its hybrid vehicles is 6. You work for an
energy conservation agency and want to test this claim. You find that a
random sample of the miles per gallon of 28 of the manufacturer’s hybrid
vehicles has a variance of 4.25. At a = 0.05, do you have enough evidence to
reject the manufacturer’s claim? (Adapted from Green Hybrid)

Science Assessment Tests On a science assessment test, the scores of a
random sample of 22 eighth grade students have a standard deviation of 33.4
points. This result prompts a test administrator to claim that the standard
deviation for eighth graders on the examination is less than 36 points. At
« = 0.10, is there enough evidence to support the administrator’s claim?
(Adapted from National Center for Educational Statistics)

U.S. History Assessment Tests A state school administrator says that the
standard deviation of test scores for eighth grade students who took a
U.S. history assessment test is less than 30 points. You work for the
administrator and are asked to test this claim. You randomly select 18 tests
and find that the tests have a standard deviation of 33.6 points. At o = 0.01,
is there enough evidence to support the administrator’s claim? (Adapied from
National Center for Educational Statistics)

Hospital Waiting Times A hospital spokesperson claims that the standard
deviation of the waiting times experienced by patients in its minor emergency
department is no more than 0.5 minute. A random sample of 25 waiting times
has a standard deviation of 0.7 minute. At a = 0.10, can you reject the
spokesperson’s claim?

Length of Stay A doctor says the standard deviation of the lengths of stay
for patients involved in a crash in which the vehicle struck a tree is 6.14 days.
A random sample of 20 lengths of stay for patients involved in this type of
crash has a standard deviation of 6.5 days. At a = 0.05, can you reject the
doctor’s claim? (Adapted from National Highway Traffic Safety Administration)






22,

23.

24,
25.

26.

27.

28.

ER 7

&
&I

. (@) Hy: o = $3500;

H,: o < $3500 (claim)
xg = 18.114; Rejection
region: y? < 18.114
(¢) 37.051 (d) Fail to reject H,.
At the 10% significance
level, there is insufficient
evidence to support the
insurance agent’s claim
that the standard deviation
of the total charge for
patients involved in a crash
in which the vehicle struck
a construction barricade is
less than $3500.
Hg: o = $30 (claim);
Hiwzor 2> %30
X& = 37.566
Rejection region:
x* > 37.566
(¢) 27.613 (d) Fail to reject H,.
At the 1% significance level,
there is insufficient evidence
to reject the travel agency’s
claim that the standard
deviation of the room rates
of hotels in the city is no
more than $30.
(a) Hp: o = $20,000;
H,: o > $20,000 (claim)
(b) x& = 24.996; Rejection
region: xy? > 24.996
(¢) 16.265 (d) Fail to reject H,.
At the 5% significance level,
there is insufficient evidence
to support the claim that the
standard deviation of the

annual salaries for actuaries
is more than $20,000.

See Selected Answers, page A109.
P-value = 0.9059

Fail to reject H,.

P-value = 0.1189

Fail to reject H.

P-value = 0.3647

Fail to reject H,.

P-value = 0.4574

Fail to reject H,.

(a)

S

HYPOTHESIS TESTING WITH ONE SAMPLE

21. Total Charge An insurance agent says the standard deviation of the tc::
hospital charge for patients involved in a crash in which the vehicle stru
a construction barricade is less than $3500. A random sample of 28 to

hospital charges for patients involved in this type of crash has a stanc=-. j
deviation of $4100. At @ = 0.10, can you support the agent’s claim? (1. -
from National Highway Traffic Safety Administration) q

22. Hotel Room Rates A travel agency estimates that the standard deviat = j
of the room rates of hotels in a certain city is no more than $30. You work 3
a consumer advocacy group and are asked to test this claim. You find th=" | g/
random sample of 21 hotels has a standard deviation of $35.25. At @ = (
do you have enough evidence to reject the agency’s claim?

23. Salaries The annual salaries of 16 randomly chosen actuaries are i
below. At @ = 0.05, can you conclude that the standard deviation of - -
annual salaries is greater than $20,000? (Adapted from America’s Career Inj ‘ by
68,146 57,529 108,761 68433 64,6000 99,548 71,286 60,516 i
84,014 119,920 120,975 91,345 62,865 76,852 88,522 95,794 e
24. Salaries An employment information service says that the stanc:- 7

deviation of the annual salaries for public relations managers is at 'c:
$14,500. The annual salaries for 18 randomly chosen public relat =
managers are listed. At o = 0.10, can you reject the claim? (Adapic. 3
America’s Career InfoNet)

62,514 75,721 54,649
74,595 75362 87,399
59,813 80,567 76,310

76,764 94,224 85,077
87,742 90,140 74,416 3
105,438 59,581 56,805

m

- e & ' s £ % e % o o
m Extending Concepts

P-values You can calculate the P-value for a x*-test using technology. ~ =
calculating the x*-test value, you can use the cumulative density function (CZ~

to calculate the area under the curve. From Example 4 on page 417, ¥ = 432
Using a TI-83/84 (choose 7 from the DISTR menu), enter 0 for the lower bo:
43.2 for the upper bound, and 40 for the degrees of freedom as shown.

, , |
'

y-cdf (0, 43 2, 400
6637768667

The P-value is approximately 1 — 0.6638 = 0.3362. Because P > «a = 0.05 "+
conclusion is to fail to reject H. ‘ ‘\

In Exercises 25-28, use the P-value method to perform the hypothesis test 7= .
indicated exercise. [

25. Exercise 21 26. Exercise 22
28. Exercise 24

27. Exercise 23
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Al8 APPENDIX B TABLE 5—¢-DISTRIBUTION

Table 5— t-Distribution

—t 1
c-confidence interval Left-tailed test Right-tailed test Two-tailed test
Level of
confidence, ¢ 0.50 0.80 0.90 0.95 0.98 0.99
One tail, 0.25 0.10 0.05 0.025 0.01 0.005
d.f. Two tails, 0.50 0.20 0.0 0.05 0.02  0.01
1 1000 3.078 6314 12706 31.821 63657
2 86l 188E 29900 4303 6965 9925
3 765 1638 2353 3182 4541 5841
4 T sss i 230 e 3T 4604
5 727, 1476 2015 ° 2571 3365 4032
b I8 40 1843 a4y 343 37070
7 711 1415  1.895 2365
tig e e e
9 703 1383 1.833 2262
10 T B T3 s
11 697 1363 1796  2.201 ‘
D 695 1356 0 1783 D70 2681
13 694 1350 1771  2.160
14 692 1345 1761 2145 Y el
15 691 1341 1753 2131 2602  2.947
16 6000 1330 1746, 200050 258342030
17 689 1333 1740 2110
18 o R
19 688 1328 1729 2,093
48 Gol 1358 TS e LIS T
21 686 1323 1721 2080
22 886 1321 0 1AL 704 25
23 685 1319 1714 2069
24 685 . 1.318 1711 2064 2492
25 684 1316 1708, 2.060
26 LBB4L 1315 . 1706 . 2,056
27 684 1314 1703 2052
28 683 1.313. . 1701 20648
29 683 1311 1699  2.045
00 674 1282 1645  1.960

Adapted from W. H. Beyer, Handbook of Tables of Probability and Statistics, 2e,
CRC Press, Boca Raton, Florida, 1986. Reprinted with permission.
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APPENDIX B TABLE 6—CHI-SQUARE DISTRIBUTION Al19

Table 6 — Chi-Square Distribution

Right tail Two tails
Degrees of @
freedom 0,995 0.99 0.975 0.95 0.90 0.10 0.05 0.025 0.01 0.005

— — 0001 0004 0016 2706 3841 5024 6635 7.879
G.070% 0020 7 00517 7 063 0T < 4605 VR99T 73787 192100 110597
0072 0115 0216 0352 0584 6251 7.815 9348 11345 12838
0207 . 0297 - BAB4 - 0711 1064 " 7779 9488 11.143. 13277 14860
0412 0554 0831 1145 1610 9236 11.071 12833 15086 16.750
0676 0872 1237 1635 2204 10645 12592 14449 16812 18548
0989 1239 1690 2167 2833 12017 14067 16013 18475 20.278
1344 < 1646° 2180 2733 3490 43362 15507 17535 200090 21.955
1735 2088 2700 3325 4168 14684 16919 19.023 21.666 23.589
2156 2558  3.247 3940 4865 15987 18307 20483 23.209 " 25.188
2603 3.053 3816 4575 5578 17275 19675 21920 24725 26757
5074 3571 BADs 52267 HEDA G ABBAY L BT006 1 23387 126210 28999
3565 4107 5009 5892 7.042 19.812 22362 24736 27688 29.819
4075 4660 5629 6571 7.790 21.064 23685 26119 29141 31319
4601 5229 6262 7261 8547 22307 24996 27488 30.578 32.801
(5142 5812 6908 7962 9312 23542 26296 28.845 32000 34.267
5607 6408 7564 8672 10085 24769 27587 30.191 33409 35718
6265 7015 8231 9390 10865 25989 28869 31.526 34805 37.156
6.844 7.633 8907 10.117 11.651 27.204 30.144 32852 36.191 38.582
CA34 8260 - 9591 10851 12443 28412131410 = 34170 137566 - 139.997
8.034 8897 10283 11.591 13240 29.615 32671 35479 38932 41.401
8643 -~ 9542 10982 12338 14.042 30813 33924 36781 40.289 4279
9260 10196 11.689 13.091 14.848 32007 35172 38076 41638 44.181
9:886 10.856 12401 13.848 15659 33.196 36415 39364 42980 45559

- 10520 - 11.524 13.120 14611 16473 - 34382 37652 40646 44314 46.928
11160 12.198 13.844 15379 17292 35563 38885 41923 45642 48290
11.808 12.879 14573 16.151 18.114 36741 40.113 43.194 46.963 49.645
12461 13565 15308 16928 18939 37916 41337 44461 48278 50993
13.121 14.257 16047 17.708 19.768 39.087 42557 45722 49.588 52.336
13.787 14954 16791 18493 20599 40256 43.773 -46.979 50.892 53.672

OO N WN —

40 20.707 22.164 24433 26,509 29.051 51.805 55.758 59.342 63.691 66.766
50 27.991 29707 32357 34764 37689 63.167 67.505 71420 76.154 79.490
60 35534 37.485 40482 43.188 46459 74397 79.082 83.298 88379 91.952
70 43.275+ 45442  48.758° :51.739 55329 -85527- 90:531 '.95.023: 100425 104215
80 51,172 53540 57.153 60.391 64.278 96.578 101.879 106.629 112329 116.321
90 50.196 61.754 65.647 69.126 73.291 107.565 113.145 118.136 124.116 128.299
100 67.328 70.065 74222 77.929 82358 118.498 124.342 129.561 135.807 140.169

D.B. Owen, HANDBOOK OF STATISTICAL TABLES, A.5, Published by Addison Wesley Longman,
Inc. Reproduced by permission of Pearson Education, Inc. All rights reserved.
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\

g
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\

)

1. [he two types of
: _‘NOLheces used
i a hypothesis
<t are the null
hesis and
alternative
sothesis.

'he alternative hypothesis is
omplement of the null
pothesis.

. In a hypothesis test, you

. A statistical hypothesis is a

ment about a population.
6. True

. A small P-value in a test

wiil favor a rejection of the null

hypothesis.

o

ise. If you want to support a
m, write it as the alternative
wpothesis.

/ 645 (claim); H,: u > 645
=128 Hyip < 128 (claim)
Yo = 5; Hy: o # 5 (claim)
2=1.2 (claim); Hy 02 < 1.2
0.45: H,:p < 0.4

I

1 (claim); H,: p # 0.21

> Selected Answers, page A108.

ume the null hypothesis is true.

1. What are the two types of hypotheses used in a hypothesis test? How are
they related?

2. Describe the two types of error possible in a hypothesis test decision.

True or False? [n Exercises 3-8, determine whether the statement is true or

false. If it is false, rewrite it as a true statement.
3. In a hypothesis test, you assume the alternative hypothesis is true.
4. A statistical hypothesis is a statement about a sample.

5. If you decide to reject the null hypothesis, you can support the alternative
hypothesis.

6. The level of significance is the maximum probability you allow for rejecting
a null hypothesis when it is actually true.

7. A large P-value in a test will favor a rejection of the null hypothesis.

8. If you want to support a claim, write it as your null hypothesis.

Stating Hypotheses In Exercises 9-14, use the given statement to represent a
c]gjm. Write its complement and state which is Hy and which is H,.

9. = 645 (10w < 128
11: o #5 12, 07 =12
/13.*p<045 14.,p—021

Graphical Analysis In Exercises 15—]8 match the alternative hypothesis with
its graph. Then state the null hypothesis and sketch its graph.

15. Hyip >3 (a) / & : > U
1 2 3 4

16. Hyip <3 (b) X A s
‘1 2 4

17. Hyip # 3 (c) ~—— : & - u
1 2 3 4

18. Hyip > 2 (d) <-—+ - ~5 < u
1 2 3 4

Identifying Tests In Exercises 19-22, determine whether the hypothesis
test with the given null and alternative hypotheses is left-tailed, right-tailed, or
two- tailed.

[ 19. \Ho:p = 8.0 20. Hy o =52
Hyp >80  Hpo <52

21 Hy: 0' =142 22. Hy: p = 0.25
H, 0% # 142 H, p # 025
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Stating the Hypotheses In Exercises 23-28, state the claim mathematically,
Write the null and alternative hypotheses. Identify which is the claim.

23.

24.

25.

26.

27

28.

?Shipping Errors

Light Bulbs A light bulb manufacturer claims that the mean life of 4
certain type of light bulb is more than 750 hours.

As stated by a company’s shipping department, the
number of shipping errors per million shipments has a standard deviation
that is less than 3.

Base Price of an ATV  The standard deviation of the base price of a certain
type of all-terrain vehicle is no more than $320.

College Students A research organization reports that 28% of the
residents in Ann Arbor, Michigan are college students. (Adapred from 115

Census Bureatt)

Seat Belts = The results of a recent study show that the proportion of people
in the United States who use seat belts when riding in a car or truck is 81%.

(Source: National Center for Statistics and Analysis)

Drying Time A company claims that its brands of paint have a mean
drying time of less than 45 minutes.

Identifying Errors [n Exercises 29-34, write sentences describing type I and
type 1l errors for a hypothesis test of the indicated claim.

29.

30.

31.

32.

33.

34.

Repeat Buyers A furniture store claims that at least 60% of its new
customers will return to buy their next piece of furniture.

Literary Skills A study claims that the proporlion of adults in the United
States that are illiterate in English is 5%. (
Statistics)

Chess A local chess club claims that the length of time to play a game has
a standard deviation of more than 12 minutes.

Source: National Center for Education

Diabetes Gene According to a recent study, 50% of all Americans carry a
variant of a gene that increases the risk of diabetes. (Adapred from American

Journal of Clinical Nutrition)

Computers
a computer.

According to a recent survey,

(Source:

88% of college students own
Harris Poll)

Satellite Television According to a recent study, 30% of U.S. households

subscribe to satellite television. (Source: ... Power and Associaies)

Identifying Tests [n Exercises 35-40, determine whether the hypothesis test

35.

36. Clocks

for each claim is left-tailed, right-tailed, or two-tailed. Explain your reasoning.

Security Alarms
alarm.

At least 14% of all homeowners have a home security

A manufacturer of grandfather clocks claims that the mean time its






(Ve

cause the alternative
ontains #.

ailed because the
tarnative hypothesis contains >
There is enough evidence to
support the film company’s
claim that the mean number
of pictures developed for a
single-use camera with 24
exposures is mora than 22.
here is not enough evidence
to support the film company's
claim that the mean number
f pictures developed for a
_mgl -use camera with 24
exposures is more than 22.
~ze Selected Answers, page A108.
) There is enough evidence to
support the U.S. Department
of Labor’s claim that the
m"oportion of hourly workers
arning over $11.55 per
hour is greater than 75%.

) There is nat enough
avidence to support the
U.S. Department of Labor's
claim that the proportion of
hourly workers earning over
$11.55 per hour is greater

n 75%.

fected Answers, page A108.

1 MCY

There is enough evidence

to support the automotive

manufacturer’s claim that

the mean price of a small

SUV is less than $26,860.
There is not enough
evidence to support the
automotive manufacturer’s
claim that the mean price
of a small SUV is less than
$26,860.

> Selected Answers, page A108.

—
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39. Return Rate A financial analyst claims that the return rate of a 15-year
U.S. bond has a standard deviation of 5.3%.

40. Dreams A research institute claims that the mean length of most dreams is

greater than 10 minutes. (Adapied from The Lucidity

Interpreting a Decision In Exercises 41-46, consider each claim. If a
hypothesis test is performed, how should you interpret a decision that

(a) rejects the null hypothesis?
(b) fails to reject the null hypothesis?

3\
41. Pictures Developed A film company claims that the mean number of
—~ pictures developed for a single-use camera with 24 exposures is more
than 22.

42. Shipment Weights A government worker claims that the standard
deviation of the mean weight of all US. Postal Service shipments is
0.40 pound.

43. Hourly Wages The U.S. Department of Labor claims that the proport10n of
hourly workers earning over $11.55 per hour is greater than 75%. ¢

r

from S. Bureau of Labor Statistics)

4/4 /,,Gas Mileage An automotive manufacturer claims the standard deviation
-~ for the gas mileage of its models is 3.9 miles per gallon.

45. SUV Prices An automotive manufacturer claims the mean price of a small
SUV is less than $26,860. (Adapied from Conswmer Repors)

46. Calories A sports drink maker claims the mean calorie content of its
beverages is 72 calories per serving.

AR

' 47. /Writing Hypotheses: Medicine Your medical research team is investigating

" the mean cost of a 30-day supply of a certain heart medication. A
pharmaceutical company thinks that the mean cost is less than $60. You
want to support this claim. How would you write the null and alternative
hypotheses?

48. 'Writing Hypotheses: Taxicab Company A taxicab company claims that the
mean travel time between two destinations is about 21 minutes. You work for
the bus company and want to reject this claim. How would you write the null
and alternative hypotheses?

49. Writing Hypotheses: Refrigerator Manufacturer A refrigerator manufacturer
claims that the mean life of its competitor’s refrigerators is less than 15 years.
You are asked to perform a hypothesis test to test this claim. How would you
write the null and alternative hypotheses if

(a) you represent the manufacturer and want to support the claim?
(b) you represent the competitor and want to reject the claim?

50. Writing Hypotheses: Internet Provider An Internet provider is trying to
gain advertising deals and claims that the mean time a customer spends
online per day is greater than 28 minutes. You are asked to test this claim.
How would you write the null and alternative hypotheses if
(a) you represent the Internet provider and want to support the claim?

(b) you represent a competing advertiser and want to reject the claim?





. P = 0.0455; Reject H,.

13.

EAERLIoES
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MyStatLab

7 = 0.1151; Fail to reject Hy.

7 = 0.0096; Reject H,.

P = 0.1093; Fail to reject Ho.
0.1188; Fail to reject H,.
0.0214; Fail to reject Hy.

Il

D

i

oW

\

{a) Fail to reject H,.
(b) Reject H,.

In Exercises 1-6, find the P-value for the indicated hypothesis test with the given

significance c.

1. Left-tailed test, z = —1.20,
" a=010

/3. Right-tailed test, z = 2.34,
~ a =001

3./ Two-tailed test, z = —1.56,
- a = 0.05

2. Left-tailed test, z = —1.69,
a = 0.05

4. Right-tailed test, z = 1.23,
a =010

6. Two-tailed test, z = 2.30,
a = 0.01

| standardized test statistic z. Decide whether to reject H for the given level of

Graphical Analysis In Exercises 7-12, match each P-value with the graph that
displays its area. The graphs are labeled (a)—(f).

7. P = 0.0089
9. P =0.3050
11. P =0.0233
(a)
AT
E z=1.90
()

8. P =0.0132
10. P = 0.0688
12. P = 0.0287

(b)

®)

13. Given Hy o = 100, H,: i # 100, and P = 0.0461.

(a) Do you reject or fail to reject Hy at the 0.01 level of significance?
(b) Do you reject or fail to reject Hy at the 0.05 level of significance?
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15.
16.
17.
18.

19.

20.
21.

24,

25.

26.

CHAPTER

(a) Fail to reject H,.
(b) Fail to reject Hy.
1.645

1.41

—1.88

-1.34

=2.33. 2.33

—1.645, 1.645
right-tailed

b) 0.01

) two-tailed
) 0.05

) two-tailed
b) 0.10

) left-tailed
) 0.05

)

Fail to reject Hy because
—1.645 < z < 1.645.

Reject Hg because z > 1.645.
Fail to reject Hq because
—1.645 < z < 1.645.

Reject Hy because

z < —1.645.

Reject Hy because z > 1.96.
Fail to reject Hy because
-1.96 < z < 1.96.

Fail to reject Hy because
-1.96 < z < 1.96.

Reject Hy because

z < —1.96.

HYPOTHESIS TESTING WITH ONE SAMPLE

i /14. Given Hy: o = 8.5, Hyi o < 8.5, and P = 0.0691.

(a) Do you reject or fail to reject Hy at the 0.01 level of significance?

(b) Do you reject or fail to reject Hy at the 0.05 level of significance?
Finding Critical Values In Exercises 15-20, find the critical value(s) for the
indicated type of test and level of significance a.

"'/15.?"'Right-tailed test, @ = 0.05 16. Right-tailed test, « = 0.08
17. Left-tailed test, & = 0.03 flys\\ Left-taifed test, @ = 0.09
A9, Two-tailed test, & = 0.02 2\(; Two-tailed test, « = 0.10

Graphical Analysis  In Exercises 21-24,
(a) state whether the graph shows a left-tailed, right-tailed, or two-tailed test.

(b) state whether a = 0.01, 0.05, or 0.10.
21.

L

o
i
o+

-
N W
9]
]

D &
2
IS
Iy
I
—i
o
N
1

20

23. 24.

. D | L : e - 1 L I I
T 1 t T T T 4 i T T t

1 -3 2[-1 0 1 |2 3 3 -2[-1 0 1
| —gy=—1645 2= 1645 —2y=—1.645

o+
)

| Graphical Analysis In Exercises 25-28, state whether each standardized fest
statistic 7 allows you to reject the null hypothesis. Explain your reasoning.

25. (a) z = 1.631
(b) z = 1.723
(c) z = —1.464
(d) z=-1.655
26. (a) z =198
| (b) z=-189
(c) z=1.65
é (d) z=-1.99






285

5y Fail to reject Hy because
z 1.285. '
Fail to reject Hy because
7z < 1.285

i Reject Hy pecause z 1.285

Fail to reject Hy because
=2.575 < z= 2,575

z 2.575
Reject Hy hecause
z > 2.575,

(d) Fail to reject Hy because
75 < z< 2.575.
). Reject Hy. At the 5% significance
el, there is enough evidence
o reject the claim.

il to reject Hy. At the 5%
lificance level, there is not
>ugh evidence to suppert
claim.

ect Hy. At the 1% significance
[, there is enough evidence
ipport the claim.

1. Reject Hy. At the 1% significance
=vel, there is enough evidence
‘eject the claim.

= 275; Haiw > 275
claim)

{b) 1.84; 0.9671 (Tech: 0.9674)

3 0.0329 (Tech: 0.0326)

Reject H.

{e) At the 4% significance level,
there is enough evidence to
support the administrator’s
claim that the mean score
for Hllinois’ eighth graders
on the examination is more

1 275.

4. (a) Hy: = 135 (claim);

Hy:w < 135

(b) —3.43; 0.0003

$.0003

tha

)

Reject Hy.

(e) At the 10% significance
level, there is enough
evidence to reject the
manufacturer’s claim that

the average activating

perature is at least

ipgcia
E

ON 7.2 HYPOTHESIS TESTING FOR THE MEAN (LARGE SAMPLES)

27, (a) z = —1.301
(b) z = 1.203
(c) z=1.280
(d) z = 1.286

28. (a) z = 2.557
(b) z = —2.755
(c) z = 2.585
(d) z = —2.475

391

In Exercises 29-32, test the claim about the population mean . at the given level of
significance using the given sample statistics.

29.
30.
31

32,

Claim: p = 40; a =
Claim: . > 1030; «
Claim: u # 6000; «

Claim: p = 22,500;

n =45

0.05. Sample statistics: X
= 0.05. Sample statistics:
= 0.01. Sample statistics:

I

X

X

3902,s =323, n=75
= 1035,s =23, n =50
= 5800, s = 350, n = 35

a = 0.01. Sample statistics: ¥ = 23,250, s = 1200,

Testing Claims Using P-values In Exercises 33-38,
(a) write the claim mathematically and identify Hy and H,.
(b) find the standardized test statistic z and its corresponding area. If convenient,

use technology.

(c) find the P-value. If convenient, use technology.
decide whether to reject or fail to reject the null hypothesis.
interpret the decision in the context of the original claim.

(d)
(e)

33, Mathematics Assessment Tests In Illinois, a random sample of 85 eighth
~ grade students has a mean score of 282 with a standard deviation of 35 on a
national mathematics assessment test. This test result prompts a state school
administrator to declare that the mean score for the state’s eighth graders on
the examination is more than 275. At @ = 0.04, is there enough evidence to
support the administrator’s claim? (Adapted from National Center for Education

34.

Statistics)

Sprinkler System A manufacturer of sprinkler systems designed for fire
protection claims that the average activating temperature is at least 135°F.
To test this claim, you randomly select a sample of 32 systems and find the
mean activation temperature to be 133°F with a standard deviation of 3.3°F. At
a = 0.10,do you have enough evidence to support the manufacturer’s claim?






392 CHAPTER 7 HYPOTHESIS TESTING WITH ONE SAMPLE

35. (a) Mgy = 8; Hyi e > 8 (claim) 35. Tea Drinkers A tea drinker’s society estimates that the mean consumptio
(b) —0.37; 0.3557 (Tech: 0.3540) of tea by a person in the United States is more than 8 gallons per year. In
() 0.6443 (Tech: 0.6460) random sample of 100 people, you find that the mean consumption of tea ;

7.9 gallons per year with a standard deviation of 2.67 gallons. At a = 0.0
can you support the society’s claim? (Adapied from US. Departmen:
__Agriculture)

(d) Fail to reject H,.

(e) At the 7% significance level,
there is not enough evidence

to support the tea drinker's | 36. Tuna Consumption A nutritionist claims that the mean tuna consumptio

society’s claim that the mean - by a person in the United States is 3.1 pounds per year. A random sample c

consumption of tea by a ri 60 people in the United States shows that the mean tuna consumption by

person in the United States is person is 2.9 pounds per year with a standard deviation of 0.94 pound. A

more than 8 gallons per year. a = 0.08, can you reject the nutritionist’s claim? (Adapted from .
36. (a) Hg p = 3.1 {claim); Department of Agriculiure)

H,:op # 3.1

(b) —1.65; 0.0495 (Tech: 0.0497) *. 37. Quitting Smoking The number of years it tooll< a.random sample of 3

R former smokers to quit smoking permanently is listed. At « = 0.05, i
() 100990 {Fech: 0.0993) there enough evidence to reject the claim that the mean time it take
(d) Fail to reject Ho. smokers to quit smoking permanently is 15 years? (Adapred from 17
(e) At the 8% significance level, Gallup Organization)

there is not enough evidence
to reject the nutritionist’s 15.7 132 22.6 13.0 10.7 18.1 147 7.0 173 7.5 21.8

claim that the mean tuna 12.3 19.8 13.8 16.0 15.5 13.1 20.7 15,5 9.8 11.9 16.9
consumption by a person in 7.0 19.3 13.2 14.6 209 154 13.3 11.6 10.9 21.6
the United States is 3.1 | >

38. Salaries An Alabama politician claims that the mean annual salar

pounds per year. I . . . . .
for engineering managers in Alabama is more than the nation¢

R ;0 o = L s mean, $100,800. The annual salaries (in dollars) for a random sample c
) o = 15 . 34 engineering managers in Alabama are listed. At & = 0.03, is ther
(b) —0.22; 0.4129 (Tech: 0.4135) enough evidence to support the politician’s claim? (Adapied fros
(c) 0.8258 (Tech: 0.8270) | America’s Career InfoNet)
f‘f‘-) Fell o reject HO"P ‘ , 92,860 94,975 88,714 82917 98,117 102,415
ek A e 5% signiiicance lewe, 96,216 98234 86,719 79,821 94,556 97,612
fieare T Insnlcient svidenon 99.963 101415 89,714 90,648 96159 99,176

to reject the claim that the

S SRR mean time it takes smokers
b | to quit smoking permanently
bl is 15 years.

101,519 94,161 97,178 98,736 100,317 94,932
89,714 93,198 95,117 97.482 99,632 100,589
93,613 92,144 91,716 96,031

| 29 €a = A e -~ A0
- ?“e S,‘%!edzg AAHSV\;IQE 5 page A108. Testing Claims [n Exercises 39-46, (a) write the claim mathematically an
39, (a) Forie = 4’: (claim); identify Hy and H,, (b) find the critical values and identify the rejection region.
TR W ) - (c) find the standardized test statistic, (d) decide whether to reject or fail to rejec
il (b) —zp = —2.575, 2o = 2.575 the null hypothesis, and (e) interpret the decision in the context of the origine
W Rejection regions: claim.

z < ~2.575, z > 2.575 _
fli . 7 39. Caffeine Content in Colas A company that makes cola drinks states the

_ the mean caffeine content per one 12-ounce bottle of cola is 40 milligram

; You want to test this claim. During your tests, you find that a random sampl
of thirty 12-ounce bottles of cola has a mean caffeine content of 39.
milligrams with a standard deviation of 7.5 milligrams. At & = 0.01, can yo
reject the company’s claim? (Adapted from American Beverage Association)

40. Caffeine Content in Coffee A coffee shop claims that its fresh-brewe
drinks have a mean caffeine content of 140 milligrams per 8 ounces. You wai
to test this claim. You find that a random sample of 42 eight-ounce serving

| has a mean caffeine content of 146 milligrams and a standard deviation «

! ‘ 22 milligrams. At « = 0.05, do you have enough evidence to reject the shop

claim? (Adapted from American Beverage Association)






What's Normal?

Human Body Temperature:

Men’s Temperatures
(in degrees Fahrenheit)

96 | 3
9% | 79

97 | 0111234444

In an article in the Journal of Statistics Educdlion_ (vol. 4, no. 2), 97 | 556667888899

Allen Shoemaker describes a study that was reported in the 908 | 000000112222334444
Journal of the American Medical Association (JAMA).* Tt is 98 | 55666666778889

generally accepted that the mean body temperature of an adult
human is 98.6°F. In his article, Shoemaker uses the data from the
JAMA article to test this hypothesis. Here is a summary of his test.

Claim: The body temperature of adults is 98.6°F.
Hy: p = 98.6°F (Claim) H,: pn # 98.6°F

Sample Size: n = 130

Population: Adult human temperatures (Fahrenheit)

Distribution: Approximately normal

Test Statistics: x = 98.25, s = 0.73

* Data for the JAMA article were collected from healthy men
and women, ages 18 to 40, at the University of Maryland
Center for Vaccine Development, Baltimore.

Exercises

1. Complete the hypothesis test for all adults (men and
women) by performing the following steps. Use a
level of significance of a = 0.05.

(a) Sketch the sampling distribution.

(b) Determine the critical values and add them to
your sketch.

(¢) Determine the rejection regions and shade them
in your sketch.

(d) Find the standardized test statistic. Add it to your
sketch.

(e) Make a decision to reject or fail to reject the null
hypothesis.

(f) Interpret the decision in the context of the
original claim.

396

99 | 0001234
99 | 5
100
100 Key: 96]3 = 96.3

Women’s Temperatures
(in degrees Fahrenheit)

96 | 4
9 | 78
97 | 224

97 | 677888999
98 1 00000122222233344444
98 | 5666677777788888889
99 1 00112234

99 | 9
100 | 0
100 | 8 Key: 964 = 96.4

. If you lower the level of significance to a = 0.01,

does your decision change? Explain your reasoning.

. Test the hypothesis that the mean temperature of

men is 98.6°F. What can you conclude at a level of
significance of & = 0.01?

. Test the hypothesis that the mean temperature of

women is 98.6°F. What can you conclude at a level of
significance of a = 0.01?

. Use the sample of 130 temperatures to form a 99%

confidence interval for the mean body temperature
of adult humans.

. The conventional “normal” body temperature was

established by Carl Wunderlich over 100 years ago.
What, in Wunderlich’s sampling procedure, do you
think might have led him to an incorrect conclusion?
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SECTION 7.3

1. Explain how to find critical values for a t-sampling distribution.

2. Explain how to use a f-test to test a hypothesized mean u given a small
sample (n < 30). What assumption about the population is necessary?

In Exercises 3-14, find the critical value(s) for the indicated t-test, level of
significance a, and sample size n.

3 Right-tailed test, « = 0.05, n = 23 4. Right-tailed test, @ = 0.01, n = 11
5. Left-tailed test, @ = 0.025, 7 = 19 6. Left-tailed test, @ = 0.05, n = 14
7. Two-tailed test, @ = 0.01,n = 27 8./ Two-tailed test, @ = 0.05, n = 10
9, Right-tailed test, @ = 0.10, n = 20 10, Right-tailed test, @ = 0.05, n = 8
11. Left-tailed test, @« = 0.01, n = 28  12. Left-tailed test, « = 0.005, n = 12

1. ldentify the level of significance
« and the degrees of freedom,
d.f. = n — 1. Find the critical
value(s) using the t-distribution
table in the row with n — 1 d.f.
If the hypothesis test is

13. Two-tailed test,« = 0.02, n = 5 14. Two-tailed test, « = 0.10, n = 22

Graphical Analysis [n Exercises 15-18, state whether the standardized test
statistic t indicates that you should reject the null hypothesis. Explain.

15. (a) t = 2.091

16. (a) t = 1.308

(1) left-tailed, use “"One Tail, a” (b) £=0 (b) r=—1389
column with a negative sign. (c) t = —1.08 (c) t=1.650
(2) right-tailed, use “One Tail, " (d) t = —2.096 (d) t = —0.998

column with a positive sign.

(3) two-tailed, use "Two Tail, a”
column with a negative and

a positive sign.

1.717 4. 2.764 5. —2.101
=1.771 7. =2.779; 2,779

(ST ]

o))

. See Selected Answers, page A109.

L Il i} il |
I

[ L %4:
—4~3/—101234

t i T t
74~3—z/—1 0 1\2 3 4

B —2gss 2oy g L3 1o = —2.086 —1y==1372 1,=1372
. ";591506 ?:3*2";/73 . 17. (a) ¢ = —2.502 18. (a) ¢ = 1.705
12. -3. . —3.747, 3.7
- (b) 1 = 2.203 (b) t = —1.755
14, —1.721, 1.721 2 630 1585
15. (a) Fail to reject Hy because (g #= 2 (€ t=-1L
t > —2.086. (d) t = —=2.703 (d) = 1.745
(b) Fail to reject Hy because
t > —2.086.
{c) Fail to reject Hy because
t > —2.086.
(d) Reject Hy because
t= ¥2086 T T T } 1 T f T l ‘ T 7
16. See Selected Answers, page A109. -4 -3/-2-1 0 1 2 \3 4 —4-3-2-1 0 1/2 3 4
—1y=—2.602 1, = 2.602 ~ty=—1.725 1,=1.725

17. (a) Fail to reject Hy because
-2.602 <t < 2.602.

{b) Fail to reject Hy because
-2.602 < t < 2.602.

{c) Reject Hy because t > 2.602,

(d) Reject Hp because t < —2.602.

et
Qo
W
D
D

Selected Answers, page A109.
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. Reject Hy. At

Reject Hy. At the 5% significance
level, there is enough evidence

to support the claim.

the 1% significance
level, there is enough evidence
to reject the claim.

Fail to reject Hy. At the 5%
sgmﬂca ce level, there is not
enough evidence to support
the claim.

. (@) Hg:p = 100; Hy: p < 100
(claim)
(b) to = —3.747; Rejection
region: t < —3.747

(¢) —4.472 (d) Reject Hy.

(e) At the 1% significance level,
there is sufficient evidence
to support the microwave
oven repairer’s claim that
the mean repair cost for

“‘“”’”“gf_‘u microwave ovens
is less than $100.
(@) Hoip = $95; Hy:w > $95
(claim)
Rejection region; t> 3.143
() 0.311 (d) Fail to reject H,.
G

(e) At the 1% stcmflcance level,
there is insufficient evidence’
to support the computer
repairer’s claim that the
mean repair cost for
damaged computers is
more than $95.

= 1; Hy: p > 1 (claim)

rec ycmo b

<
!JIEIL:.J 2

pound

See Selected Answers, page A109.

HYPOTHESIS TESTING WITH ONE SAMPLE

In Exercises 19-22, use a t-test to test the claim about the population mean | at the
given level of significance « using the given sample statistics. For each claim,
assume the population is normally distributed. ‘

19.

20.

Claim: p = 15: @ = 0.01.
Sample statistics: X = 13.9, s = 323, n =6

“Claim: p > 25; a = 0.05.

__/Sample statistics: ¥ = 26.2, s = 232, n = 17

21.

22,

Claim: p = 8000; « = 0.01.
Sample statistics: x = 7700,

Claim: p #.52,200; a = 0.05.
Sample statistics: ¥ = 53,220, s = 1200, n = 4

s =450, n =25

Testing Claims In Exercises 23-28,
(a)

(b) find the critical value(s) and identify the rejection region(s).

write the claim mathematically and identify Hy, and H,.

(c) find the standardized test statistic. If convenient, use technology.

(d)
(e)

decide whether to reject or fail to reject the null hypothesis.
interpret the decision in the context of the original claim.

For each claim, assume the population is normally distributed.

Y

23

25.

\
26

. Computer Repair Costs

Microwave Repair Costs A microwave oven repairer says that the mean

" repair cost for damaged microwave ovens is less than $100. You work for the

repairer and want to test this claim. You find that a random sample of 5
microwave ovens has a mean repair cost of $75 and a standard deviation of
$12.50. At o = 0.01, do you have enough evidence to support the repairer’s
claim? (Adapted from Consumer Reports)

A computer repairer believes that the mean repair
cost for damaged computers is more than $95. To test this claim, you
determine the repair costs for 7 randomly selected computers and find that
the mean repair cost is $100 per computer with a standard deviation of
$42.50. At « = 0.01, do you have enough evidence to support the repairer’s
claim? (Adapted from Consumer Reporits)

Waste Recycled An environmentalist estimates that the mean waste
recycled by adults in the United States is more than 1 pound per person
per day. You want to test this claim. You find that the mean waste recycled
per person per day for a random sample of 12 adults in the United States
is 1.46 pounds and the standard deviation is 0.28 pound. At & = 0.05, can you
support the claim? (Adapred from U.S. Environmental Protection Agency)

Waste Generated As part of your work for an environmental awareness
group, you want to test a claim that the mean waste generated by adults in
the United States is more than 4 pounds per day. In a random sample of
10 adults in the United States, you find that the mean waste generated per
person per day is 4.54 pounds with a standard deviation of 1.21 pounds.
At a = 0.05, can you support the claim?

tection Agencv)

(Adapted from U.S. Environmeri
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5% sigr |f.’ance level,
sufficient evidence
employment
rvice 's
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there is in

to reject
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that the mean s

full-time male workers over
age 25 without a high
school diploma is $25,000.
2) Hoip = $19,100 (claim);
H,:w # $19,100
O *l’o = —2.201, ty = 2.201

Reje ctron regions:
t > 2.201

1“ < —2.201,
-0.529

d) Fail to reject H,.

{e) At the 5% significance level,
there is insufficient evidence
to reject the employment
information service’s claim
that the mean annual pay
for full-time female workers
over age 25 without a high
school diploma is $19,100.

P Y e e D (riaim)
aj :lo. M= 3, ua. Moo= 5 \Gialiiiy

) ~0 (c) Reject Hy.

(d) At the 5% significance level,
there is sufficient evidence
to support the claim that
teenage males drink fewer
than three 12-ounce servings
of soda per day.

Selected
Hip = 32 Hytp < 32
(claim)

) 0.0344 () Fail to reject Hy.
} At the 1% significance level,
there is insufficient evidence
to support the brochure’s
claim that the mean class
size for full-time faculty is
fewer than 32 students

Answers, page A109.

{a) Hy: e = 11.0 (claim);

H. T 11.0
{b) 0.3155 (c) Fail to reject H,.
nce level

(d) At the 1% significa
there is insufficient evidence
to reject the dean’s claim
that the mean number of
classroom hours per week
for full-time faculty is 11.0.

bt

cp ey
SeC 1

27.

28.
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Annual Pay An employment information service claims the mean annual
pay for full-time male workers over age 25 and without a high school
diploma is $25,000. The annual pay for a random sample of 10 full-time male
workers without a high school diploma is listed. At a = 0.05, test the claim
that the mean salary is $25,000. (Adapred from U.S.

26,185 23,814 22,374 25,189 26,318
20,767 30,782 29,541 24,597 28,955

Bureait of Labor Statistics)

Annual Pay An employment information service claims the mean annual
pay for full-time female workers over age 25 and without a high school
diploma is $19,100. The annual pay for a random sample of 12 full-time
female workers without a high school diploma is listed. At o = 0.05, test the
claim that the mean salary is $19,100. (Adapred from U.S. Bu
Statistics)

18,165 16,012 18,794 18,803 19,864 19,177
17,328 21,445 20,354 19,143 18,316 19,237

au of Labor

Testing Claims Using P-values In Exercises 29-34, (a) write the claim
mathematically and identify Hy and H,, (b) use technology to find the P-value,
(c) decide whether to reject or fail to reject the null hypothesis, and (d) interpret the
decision in the context of the original claim. Assume the population is normally
distributed.

’“"f 29. Soda Consumption For your study on the food consumption habits of

31.

32.

o

30

teenage males, you randomly select 20 teenage males and ask each how
many 12-ounce servings of soda he drinks each day. The results are
listed below. At a = 0.05, is there enough evidence to support the claim
that teenage males drink fewer than three 12-ounce servings of soda per
day? (Adapted from Center for Science in the Public Interest)

21 23 24 12 08 21 20 22 25 21
1.6 21 18 22 20 28 32 05 14 12

School Supplies A company that manufactures school supplies says
that teachers spend a mean of more than $550 of their own money on
school supplies in a year. A random sample of the amounts (in dollars)
that 24 teachers spent on school supplies in a recent year is listed below.
At a = 0.05, is there enough evidence to support the company’s claim?
(Adapted from National School Supply and Equipment Associatioit)

715 623 582 721 602 621 462 320 532 566 686 532
603 420 684 713 531 888 482 361 560 910 546 860

Class Size You receive a brochure from a large university. The brochure
indicates that the mean class size for full-time faculty is fewer than
32 students. You want to test this claim. You randomly select 18 classes taught
by full-time faculty and determine the class size of each. The results are
listed below. At @ = 0.01, can you support the university’s claim? (Adapred

from National Cenier for Education Staristics)

35 28 29 33 32 40 26 25 29 28 30 36 33 29 27 30 28 25

' Faculty Classroom Hours The dean of a university estimates that the mean

number of classroom hours per week for full-time faculty is 11.0. As a
member of the student council, you want to test this claim. A random sample
of the number of classroom hours for eight full-time faculty for one week is
listed below. At a = 0.01, can you reject the dean’s claim? (Adapted from
National Center for Education Statistics)

11.8 8.6 12.6 7.9 6.4 104 13.6 9.1





“ See Selected Answers, pag
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SECTION 7.4

-

Verify that np = 5
and ng = 5. State
Hg and H,. Specify
the level of
significance a.
Determine the
critical value(s)
and rejection region(s). Find the
standardized test statistic. Make
a decision and interpret in the
context of the original claim.

if np = 5 and ng = 5, the .
normal distribution can be used.

2. Can use normal distribution.

Fail to reject Hy. At the 5%

significance level, there is not

enough evidence to support

the claim.

e A109.

Cannot use T‘(}"r"l&‘i CI:UL"‘\J ion.

Can use normal distribution.

Fail to reject Hy. At the 1%

significance level, there i
5

claim.

7. Can use normal distribution.

eject Hy. Atth significance
ey e, there is er mJg, 1 evidence
reject the claim.

annot use normal distribution.

ion: z < —2.33
ail t
¥ o

(e) At the 1% significance level,
there is insufficient evidence
to reject the medical

researcher’s claim that at
fanect 2N0L ~F 1 C &

least 2u70 G U.o. GG

SImokers.

1.
2.

Explain how to test a population proportion p.

Explain how to decide when a normal distribution can be used to approximate
a binomial distribution.

In Exercises 3-8, decide whether the normal sampling distribution can be used. If
it can be used, test the claim about the population proportion p at the given level of
significance o using the given sample statistics.

( 3

4.
5.

P

6. Claim: p > 0.125; a =
7.

N

8. /Claim: p = 0.80; @ =

Claim: p # 0.25; @ = 0.05. Sample statistics: p = 0.239, n = 105
Claim: p = 0.30; @ = 0.05. Sample statistics: p = 0.35, n = 500
Claim: p < 0.12; a = 0.01. Sample statistics: p = 0.10, n = 20

0.01. Sample statistics: p = 0.2325, n = 45
Claim: p = 0.48; a = 0.10. Sample statistics: p = 0.40, n = 70

0.10. Sample statistics: p = 0.875, n = 16

Testing Claims In Exercises 9-14, (a) write the claim mathematically and
identify Hy and H,, (b) find the critical value(s) and identify the rejection
region(s), (c) find the standardized test statistic, (d) decide whether to reject or fail
to reject the null hypothesis, and (e) interpret the decision in the context of the
original claim. If convenient, use technology to find the standardized test statistic.

9.

10.

11.

12.

Smokers

from Consumers’

A medical researcher says that at least 20% of U.S. adults are
smokers. In a random sample of 200 U.S. adults, 18.5% say that they
are smokers. At « = 0.01, is there enough evidence to reject the researcher’s
claim? (Adapted from U.S. National Center for Health Statistics)

Do You Eat Breakfast? A research center estimates that no more than
40% of U.S. adults eat breakfast every day. In a random sample of 250 U.S.
adults, 41.6% say they eat breakfast every day. At « = 0.01, is there enough
evidence to reject the researcher’s claim? (Adapred from Harris Interaciive)

Environmentally Conscious Consumers You are employed by an
environmental conservation agency that recently claimed that more than
30% of U.S. consumers have stopped buying a certain product because the
manufacturing of the product pollutes the environment. You want to test this
claim. You randomly select 1050 U.S. consumers and find that 32% have
stopped buying this product because of pollution concerns. At @ = 0.03, can
you support the agency’s claim? (Adapred from Wirthlin Worldwide)

Genetically Modified Foods An environmentalist claims that more
than 60% of British consumers are concerned about the use of genetic
modification in food production and want to avoid genetically modified
foods. You want to test this claim. You find that in a random sample of 100
British consumers, 65% say that they are concerned about the use of genetic
modification in food production and want to avoid genetically modified
foods. At a = 0.10, can you support the environmentalist’s claim? (A dapied

Association)
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‘ |
13. 13. Finding a Real Estate Agent In your work for a real estate company,
you find that in a sample of 1762 home buyers, 722 found their real estate
agent through a friend. At « = 0.02, can you reject the claim that 44% of
home buyers find their real estate agent through a friend? (Adapred from
‘ i ~ USA TODAY)
il ) R 14. Do You Like to Fly? A researcher claims that 24% of adults in the
i At the 2% significance level, United States are afraid to fly. You want to test this claim. You find that in
there is sufficient evidence a random sample of 1075 adults in the United States, 292 are afraid to fly.
to reject the claim that 44% At o = 0.05, can you reject the researcher’s claim? (Source: Marist Institure for
m‘ hor“e buyers found their Public Opinion)
eal estate agent through a
fr\tnv- Free Samples In Exercises 15
14. (a) Hg: p = 0.24 (claim); and 16, use the graph, which shows
Hyp = 0.24 what adults think about the
(b) —z5 = —1.96, z, = 1.96; effectiveness of free samples.
Re;ec’réon regions: ‘ ’
z< -1. 95, z > 1.96 4Nit‘:e, butnotn‘ecessya‘ry:
: 25% '
() 2.43
(d) Reject Hy. St e
() At the 5% significance level, e
there is sufficient evidence
to reject thﬂ researcher’s .
i claim that 2 . .
| the United - 15. Do Free Samples Work? You interview a random sample of 50 adults. The
i to fly. results of the survey show that 48% of the adults said they were more likely
\u , 15. Fail to reject Ho. At the 5% t(l) buy ;prodlllct Wlsxzrg/thefrehareirie samples. Alt'g 1: 0.05, can youdre]ect the
15t significance level, there is not claim that at least ?)o the adults are more likely to buy a product when
‘ I epgdgﬂ a\/sdence to ijeCt the there are free Samples.
e da,‘in that at EeaTt Si/% o:th 16. Should Free Samples Be Used? Use your conclusion from Exercise 15 to
i) agults are ou . .
| ;: “‘a“:cf :ezr;;i: 3;::”6;/ ¢ write a paragraph on the use of free samples. Do you think a company should
‘ i p“ief W use free samples to get people to buy a product? Explain.
| Saitl S
! 16. Sample answer: The company
j should continue the use of
i giveaways because there is no
‘ enough evidence to say that less
than 52% of the adults would . . L ;
| t; ; Alternative Formula In Exercises 17 and 18, use the following information.
| e more likely to buy a product Wh K 5 b 0 le si 1 probabilit ;
3 when there are free samples, en you know the number of successes x, the sample size n, and probability p, i
- R : can be easier to use the formula
: i17. (a) Hg: p = 0.44 {claim);
% 4 X —np
7=
vnpq
\ to find the standardized test statistic when using a z-test for a proportion p.
17. Rework Exercise 13 using the alternative formula and compare the results.
1
18. The alternative formula is derived from the formula
‘ o p-p -
! Vipg/n N pg/n
Use this formula to derive the alternative formula. Justify each step.

et
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1. Explain how to find critical values in a y* sampling distribution.

2. Explain how to test a population variance or a population standard deviation

In Exercises 3-8, find the critical value(s) for the indicated test for a population
variance, sample size n, and level of significance a.

3. Right-tailed test, 4. Right-tailed test,
n=27,a=0.05 n=10,a = 0.10
5. Left-tailed test, 6. Left-tailed test,
n=7a=001 n=24 o =005
7. Two-tailed test, 8. Two-tailed test,
n=16,a = 0.10 n=29a=001
of significance
degrees of
mi ’j the critical Graphlcal Analysis In Exercises 9-12, state whether the standardized tes:
© distribution. statistic x* allows you to reject the null hypothesis.
test, use the

nds to d.f. 9. (a) x*=2.091 10. (a) x> = 0.771
se-he ®) ¥ =0 (b) x* = 9.486
. (¢) x* = 1.086 (c) x*=0.701
(d) x* = 6.3471 (d) x*=9.508

e
value that corresponds to d.

— «o; (¢) two-tailed test,

the crmga! \/a!ue(s}
n region(s ). Fmd the
i "\/a:

il 3 Il 4 i 2
/2 4 6 5o
372 X, =0711 2% =9488
11. (a) x> = 22.302 12. (a) x* = 10.065
(b) x* = 23.309 (b) x* =10.075
(c) x* = 8457 (c) x*=10.585
(d) x* = 8577 (d) 2 = 10.745
e b s e b T—
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Fail to reject Hy. At the 5%
significance level, there is not
=nough evidence to reject

the claim.

“ail to reject Hy. At the 1%
ignificance level, there is not
=nough evidence to support the
claim.

3 PN )
a) Hp:o® = 3({cdaim); Hy:0° = 3
2 — ~ :) -
g = 13.844, xi = 41.92

Rejection regions:
v? < 13.844, y? > 41.923
(c) 24.267 (d) Fail to reject H,.
) At the 5% significance level,
there is insufficient evidence
to reject the large appliance
company’s claim that the
variance of the life of the
appliances is 3.
See Selected Answers, page A109.
{a) Hp:o0 = 36; Hy:o < 36
(claim)
1

3.2490; Rejection
region: y? < 13.240

{c) 18.076 (d) Fail to reject H,.

(e) At the 10% significance

level, there is insufficient

evidence to support the test
administrator’s claim that the
standard deviation for eighth
graders on the examination
is less than 36 points.

Selected Answers, page A109.

Hy: o = 0.5 (claim);

Hig 305

(b) vg = 33.196; Rejection
region: y? > 33.196

(c) 47.04 (d) Reject H,.

{e) At the 10% significance
level, there is sufficient
evidence to reject the
hospital spokesperson’s
claim that the standard
deviation of the waiting
times is no more than 0.5
minute.

See Selected Answers, page A109.
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In Exercises 13 and 14, use a y*-test to test the claim about the population variance

o° or standard deviation o at the given level of significance o using the given
sample statistics. Assume the population is normally distributed.

13. Claim: ¢% = 0.52; & = 0.05. Sample statistics: s> = 0.508, n = 18
14. Claim: o < 40; @ = 0.01. Sample statistics: s = 40.8,n = 12

Testing Claims In Exercises 15-24, (a) write the claim mathematically and
identify Hy, and H,, (b) find the critical value(s) and identify the rejection
region(s), (c) use the x*-test to find the standardized test statistic, (d) decide
whether to reject or fail to reject the null hypothesis, and (e) interpret the decision
in the context of the original claim. For each claim, assume the population is
normally distributed.

15. Life of Appliances A large appliance company estimates that the variance
of the life of its appliances is 3. You work for a consumer advocacy group
and are asked to test this claim. You find that a random sample of the
lives of 27 of the company’s appliances has a variance of 2.8. At a = 0.05,
do you have enough evidence to reject the company’s claim? (Adapred from
Consumer Reports) )

( 16: ‘Hybrid Vehicle Gas Mileage An automotive manufacturer believes that

" the variance of the gas mileage for its hybrid vehicles is 6. You work for an
energy conservation agency -and want to test this claim. You find that a
random sample of the miles per gallon of 28 of the manufacturer’s hybrid
vehicles has a variance of 4.25. At « = 0.05, do you have enough evidence to
reject the manufacturer’s claim? (Adapred from Green Hybrid)

17. Science Assessment Tests On a science assessment test, the scores of a
random sample of 22 eighth grade students have a standard deviation of 33.4
points. This result prompts a test administrator to claim that the standard
deviation for eighth graders on the examination is less than 36 points. At
a = 0.10, is there enough evidence to support the administrator’s claim?

{Adapted from National Center for Educational Statistics)

@ U.S. History Assessment Tests A state school administrator says that the
- standard deviation of test scores for eighth grade students who took a
US. history assessment test is less than 30 points. You work for the
administrator and are asked to test this claim. You randomly select 18 tests
and find that the tests have a standard deviation of 33.6 points. At @ = 0.01,
is there enough evidence to support the administrator’s claim? (Adapred from

National Center for Educational Statistics)
-

(19. Hospital Waiting Times A hospital spokesperson claims that the standard
‘" deviation of the waiting times experienced by patients in its minor emergency
department is no more than 0.5 minute. A random sample of 25 waiting times
has a standard deviation of 0.7 minute. At « = 0.10, can you reject the
spokesperson’s claim?

20. Length of Stay A doctor says the standard deviation of the lengths of stay
for patients involved in a crash in which the vehicle struck a tree is 6.14 days.
A random sample of 20 lengths of stay for patients involved in this type of
crash has a standard deviation of 6.5 days. At & = 0.05, can you reject the
doctor’s claim? (Adapted from National Highway Traffic Safetv Administration)
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37.051  (d) Fail to reject H,,.
At the 10% significance
level, there is insufficient
evidence to support the
insurance agent’s claim
that the standard deviation
of the total charge for
patients involved in a crash
in which the vehicle struck
a construction barricade is
less than $3500.

Ho: o = $30 (claim);
H.,oo > $30

X& = 37.566
Rejection region:
y? > 37.566

27.613  (d) Fail to reject H,.
At the 1% significance level,
there is insufficient evidence
to reject the travel agency's
claim that the standard
deviation of the room rates
of hotels in the city is no
more than $30.
Hy: o = $20,000;

co > 520,000 (claim)
= 24.996; Rejection
region: y? > 24.996
16.265  (d) Fail to reject H,.
At the 5% significance level,
there is insufficient evidence
to support the claim that the
standard deviation of the
annual salaries for actuaries

is more than $20,000.

21. Total Charge An insurance agent says the standard deviation of the tota]
hospital charge for patients involved in a crash in which the vehicle stryck
a construction barricade is less than $3500. A random sample of 28 tota]
hospital charges for patients involved in this type of crash has a standard
deviation of $4100. At @ = 0.10, can you support the agent’s claim? (Adapteq

from National Highway Traffic Safety Administration)

22. Hotel Room Rates A travel agency estimates that the standard deviation
of the room rates of hotels in a certain city is no more than $30. You work for
a consumer advocacy group and are asked to test this claim. You find that 5
random sample of 21 hotels has a standard deviation of $35.25. At o = 0.01,
do you have enough evidence to reject the agency’s claim?

@. Salaries The annual salaries of 16 randomly chosen actuaries are listed

below. At @ = 0.05, can you conclude that the standard deviation of the
annual salaries is greater than $20,000? (Adapred from America’s Career InfoNet)

68,146 57,529 108,761 68,433 64,600 99,548 71,286 60,516
84,014 119,920 120,975 91,345 62,865 76,852 88,522 95,794

24. Salaries An employment information service says that the standard
deviation of the annual salaries for public relations managers is at least
$14,500. The annual salaries for 18 randomly chosen public relations
managers are listed. At « = 0.10, can you reject the claim? (Adapred from
America’s Career InfoNet)

62,514 75721 54,649 76,764 94224 85,077

74,595 75,362 87,399 87,742 90,140 74416
59,813 80,567 76,310 105,438 59,581 56,805

P-values You can calculate the P-value for a X°-test using technology. After
g 8

calculating the x*-test value, you can use the cumulative density function (CDF)

to calculate the area under the curve. From Example 4 on page 417, x* = 43.2.
Using a TI-83/84 (choose 7 from the DISTR menu), enter 0 for the lower bound,
43.2 for the upper bound, and 40 for the degrees of freedom as shown.

X oti(0, 432 40
6637768667

The P-value is approximately 1 — 0.6638 = 0.3362. Because P > a = 0.05, the
conclusion is to fail to reject H,.

In Exercises 25-28, use the P-value method to perform the hypothesis test for the
indicated exercise.

25. Exercise 21 26. Exercise 22

27. Exercise 23 28. Exercise 24
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