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= his chapter introduces the second topic in inferential statistics: tests of hy-
potheses. I a test of hypothesis, we test a certain given theory or belief about a population pa-
rameter. We may want to find out, using some sample information, whether or not a given claim
(or statement) about a population parameter is true. This chapter discusses how to make such
tests of hypotheses about the population mean, u, and the population proportion, p.

As an example, a soft-drink company may claim that, on average, its cans contain 12
ounces of soda. A government agency may want to test whether or not such cans contain, 00
average, 12 ounces of soda. As another example, according to the U.S. Bureau of the Cen
sus, 16.3% of the population in the United States lacked health insurance in 1998. An econ-
omist may want to check if this percentage is stil] true for this year. In the first of these W0
examples we are to test a hypothesis about the population mean, w, and in the second ¢x°

ample we are to test a hypothesis about the population proportion, p.
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9.1

HYPOTHESIS TESTS: AN INTRODUCTION

9.1.1

Why do we need to perform a test of hypothesis? Reconsider the example about soft-drink
cans. Suppose we take a sample of 100 cans of the soft drink under investigation. We then
find out that the mean amount of soda in these 100 cans is 11.89 ounces. Based on this re-
sult, can we state that, on average, all such cans contain less than 12 ounces of soda and that
the company is lying to the public? Not until we perform a test of hypothesis can we make
such an accusation. The reason is that the mean, ¥ = 11.89 ounces, is obtained from a sam-
ple. The difference between 12 ounces (the required average amount for the popuiation} and
11.89 ounces (the observed average amount for the sample) may have occurred only because
of the sampling error. Another sample of 100 cans may give us a mean of 12.04 ounces.
Therefore, we make a test of hypothesis to find out how large the difference between 12
ounces and 11.89 ounces is and to investigate whether or not this difference has occurred as
a result of chance alone. Now, if 11.89 ounces is the mean for all cans and not for just 100
cans, then we do not need to make a test of hypothesis. Instead, we can immediately state
that the mean amount of soda in all such cans is less than |2 ounces, We perform a test of
hypothesis only when we are making a decision about a population parameter based on the
value of a sample statistic.

TWO HYPOTHESES

Consider a nonstatistical exampie of a person who has been indicted for committing a crime
and is being tried in a court. Based on the availabie evidence, the judge or jury will make
one of two possible decisions:

1. The person is not guilty.
2. The person is guilty.

At the outset of the trial, the person is presumed not guilty. The prosecutor’s efforts are to
prove that the person has committed the crime and, hence, is guilty.

In statistics, the person is not guilty is called the null hypothesis and the person is guilty
is called the alternative hypothesis. The nuil hypothesis is denoted by H, and the alternative
hypothesis is denoted by H,. In the beginning of the trial it is assumed that the perscn is not
guilty. The null hypothesis is usually the hypothesis that is assumed to be true to begin with.
The two hypotheses for the court case are written as fotlows (notice the colon after Hyand H)}:

Null hypothesis; Hy: The person is not guilty
Alternative hypothesis: H|: The persen is guilty

In a statistics example, the null hypothesis states that a given claim (or statement) about
a population parameter is true. Reconsider the example of the soft-drink company’s claim
that, on average, its cans contain 12 ounces of soda. In reality, this claim may or may not be
true. However, we will initially assume that the conipany’s claim is true (that is, the com-
pany is not guilty of cheating and lying). To test the claim of the soft-drink company, the
null hypothesis will be that the company’s claim is true. Let M be the mean amount of soda
in all cans. The company’s claim will be true if = 12 ounces. Thus, the null hypothesis
will be written as

Hy: w = 12 ounces {The company’s claim is true)

In this example, the null hypothesis can also be written as # = 12 ounces because the claim
of the company will still be true if the cans contain, on average, more than 12 ounces of
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soda. The company will be accused of cheating the public only if the cans contain, on ave,,
age, less than 12 ounces of soda. However, it will not affect the test whether we use an = or
a = sign in the null hypothesis as long as the alternative hypothesis has a < sign. Remen,.
ber that in the null hypothesis (and in the alternative hypothesis also) we use the population
parameter (such as w or p), and not the sample statistic (such as x or p).

NULL HYPOTHESIS A nuil hypothesis is a claim (or statement) about a population pa-
rameter that is assumed to be true until it is declared false.

The alternative hypothesis in our statistics example will be that the company’s claim ig
false and its soft-drink cans contain, on average, less than 12 ounces of soda—that is, g < |2
ounces. The alternative hypothesis will be written as

Hyp: <12 ounces (The company’s claim is false)

ALTERNATIVE HYPOTHESIS An alternative hypothesis is a claim about a population pa-
rameter that will be true if the null hypothesis is false.

Let us return to the example of the court trial. The trial begins with the assumption that
the null hypothesis is true—that is, the person is not guilty. The prosecutor assembles all the
possible evidence and presents it in the court to prove that the null hypothesis is false and
the alternative hypothesis is true (that is, the person is guilty). In the case of our statistics
example, the information obtained from a sample will be used as evidence to decide whether
or not the claim of the company is true. In the court case, the decision made by the judge
(or jury) depends on the amount of evidence presented by the prosecutor. At the end of the
trial, the judge (or jury) will consider whether or not the evidence presented by the prose-
cutor is sufficient to declare the person guilty. The amount of evidence that will be consid-
ered to be sufficient to declare the person guilty depends on the discretion of the judge (or
jury).

REJECTION AND NONREJECTION REGIONS

In Figure 9.1, which represents the court case, the point marked 0 indicates that there is no
evidence against the person being tried. The farther we move toward the right on the hori-
zontal axis, the more convincing the evidence is that the person has committed the crime.

Not:encugh eyideii e | s Edough-evidence to declare,.
detlare the person’ gailty ahd ’ch;epersim'guwty and; ;. °

* hence,. the-nidlkypothesis is. - £ hancey the-null hypothesis
nat rejected in this.région, ;. | is.rejected in this region. . |

) Leve| of
0 evidence

f—— Nantejection region ——tsj=3——— Rejection region ———={

C
‘% Figure 9.1 Nonrejection

and rejection regions for the
Critical point court case.



ESIS TESTS: AN INTRODUCTION 379

9.1.3

We have arbitrarily marked a point C on the horizontal axis. Let us assume that a judge {(or
jury) considers any amount of evidence to the right of point C to be sufficient and any amount
of evidence to the left of C to be insufficient to declare the person guilty. Point C is called
the critical value or eritical point in statistics. If the amount of evidence presented by the
prosecutor fails in the area to the left of point C. the verdict will reflect that there is not
enough evidence to declare the person guilty. Consequently, the accused person will be de-
clared not guilty. In statistics, this decision is stated as do not refect Hy. It is equivalent to
saying that there is not enough evidence to declare the null hypothesis false. The area to the
left of point C'is called the nonrejection region; that is, this is the region where the null hy-
pothesis is not rejected. However, if the amount of evidence falls in the area to the right of
pomnt C, the verdict will be that there is sufficient evidence to declare the person guilty. In
statistics, this decision is stated as refect Hy or the null hypothesis is false. Rejecting Hy is
equivalent to saying that the aiternative hvpothesis is true. The area to the right of point C
is called the rejection region; that is, this is the region where the null hypothests is rejecied.

WO TYPES OF ZRRORS

We all know that a court’s verdict is not always correct.-If a person is declared guilty at the
end of a trial, there are two possibilities.

L. The person has not committed the crime but is declared guilty (because of what may be
talse evidence).

2. The person has committed the crime and is rightfully declared guilty,

In the first case, the court has made an error by punishing an innocent person. In statistics,
this kind of error is called a Type 1 or an & (alpha) error. In the second case, because the
guilty person has been punished, the court has made the correct decision. The second row in
the shaded portion of Table 9.1 shows these two cases. The two columns of Table 9.1, cor-
responding to the person is not guilty and the person is guilty, give the two actual situations.
Which one of these is true is known only to the person being tried. The two rows in this
table, corresponding to the person is not guilty and the person is guiity, show the two possi-
ble court decisions.

Tabie %.1
Actual Situation
The Person Is The Person
Not Guilty Is Guilty
The person is Correct Type 1 or
Court’s not guilty decision B error
decision The person Type ] or Corsect
is guilty o SrTor decision

In our statistics example, a Type I error will occur when Hy is actually true (that is, the
cans do contain, on average, 12 ounces of soda), but it just happens that we draw a sample
with a mean that is much less than 12 ounces and we wrongfuily reject the null hypothesis,
Hy. The value of e, called the significance level of the test, represents the probability of
making a Type [ error. In other words, @ is the probability of rejecting the null hypothesis,
My, when in fact it is true,
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—
! TYPEI ERROR A Tpe / error occurs when a true null hypothesis is rejected. The value
of « represents the probability of committing this type of error; that is,

I o = P(Hy is rejected | A, is true)

\: The value of « represents the significance level of the test.

T ———

The size of the rejection region in a statistics problem of a test of hypothesis depengds
on the value assigned to . In a test of hypothesis, we usually assign a value to o before
making the test. Although any value can be assigned to «, the commonly used values of g
are .01, .025, .05, and .10. Usually the value assigned to a does not exceed .10 (or 10%).

Now, suppose that in the court trial case the person is declared not guilty at the engd of
the trial. Such a verdict does not indicate that the person has indeed not committed the crime,
It is possible that the person is guilty but there is not enough evidence to prove the puilt,
Consequently, in this situation there are again two possibilities.

1. The person has #ot committed the crime and is declared not guilty,

2. The person has committed the crime but, because of the lack of enough evidence, is de.
clared not guilty.

In the first case, the court’s decision is correct. But in the second case, the court has com-
mitted an error by setting a guilty person free. In statistics, this type of error is called a
Type II or a B (the Greek letter beta) error. These two cases are shown in the first row of
the shaded portion of Table 9.1.

In our statistics example, a Type I error will occur when the null hypothesis Hj is ac-
tually false (that is, the soda contained in al] cans, on average, is less than 12 ounces), but
it happens by chance that we draw a sample with a mean that is close to or greater than |12
ounces and we wrongfully conclude do nor refect Hy. The value of 8 represents the proba-
bility of making a Type Il error. It represents the probability that H, is not rejected when ac-
tually Hy is faise. The value of 1 - B is called the power of the test. It represents the
probability of not making a Type II error.

— N -— —_—————

l TYPEH ERROR A Bipe [T ervor occurs when a false nuif hypothesis is not rejected. The
value of 3 represents the probability of committing a Type II error; that is,

I B = P(Hy is not rejected | , is false)

‘ The value of [ — S is called the power of the test. It represents the probability of not ‘
i making a Type II error. _J

The two types of errors that occur in tests of hypotheses depend on each other, We can-
not lower the values of @ and B simultaneously for a test of hypothesis for a fixed sample
size. Lowering the value of & will raise the value of B, and lowering the value of 8 will raise
the value of @. However, we can decrease both & and 3 simultaneously by increasing the
sample size. The explanation of how & and B are related and the computation of B3 are not
within the scope of this text.

Table 9.2, which is similar to Table 9.1, is written for the statistics problem of a test of
hypothesis. In Table 9.2 the person is not guilty is replaced by Hy is true, the person is guilty
by Hy is false, and the court’s decision by decision,
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Takie 9.2
Actual Situation
H, is true Hy is false
. Correct Type Il o
Do not reject Hy orree pe r
.. decision B error
Decision Tooe | c
Reject g ype | or orect
& error decision

9.1.4 TAILS OF & TEST

The statistical hypothesis-testing procedure is similar to the trial of a person in court but with
two major differences. The first major difference is that in a statistical test of hypothesis, the
partition of the total region into rejection and nonrejection regions is not arbitrary. Instead,
it depends on the value assigned to « (Type I error). As mentioned earlier, @ is also called
the significance level of the test.

The second major difference relates to the rejection region. In the court case, the rejec-
tion region is on the right side of the critical point, as shown in Figure 9.1. However, in sta-
tistics, the rejection region for a hypothesis-testing problem can be on both sides, with the
nonrejection region in the middle, or it can be on the left side or on the right side of the non-
rejection region. These possibilities are explained in the next three parts of this section. A
test with two rejection regions is called a two-tailed test, and a test with one rejection re-
gion is called a one-tailed test. The one-tailed test is called a left-tailed test if the rejection
region is in the left tail of the distribution curve, and it is called a right-tailed test if the re-
jection region is in the right tail of the distribution curve.

TAILS OF THE TEST A fwo-tailed test has rejection regions in both tails, a lefi-tailed rest
has the rejection region in the left tail, and a right-railed rest has the rejection region
in the right tail of the distribution curve.

A Twro-Tailed Test

According to the U.S. Bureau of the Census, the mean family size in the United States was
3.18 in 1998. A researcher wants to check whether or not this mean has changed since 1998.
The key word here is changed. The mean family size has changed if it has either increased
or decreased during the period since 1998. This is an example of a two-tailed test. Let u be
the current mean family size for all families. The two possible decisions are

1. The mean family size has not changed—that is, u = 3.18.
2. The mean family size has changed—that is, & # 3.18.

We write the null and alternative hypotheses for this test as
Hy: =318 (The mean family size has not changed)
Hy:p#3.18 (The mean family size has changed)

Whether a test is two-tailed or one-tailed is determined by the sign in the alternative hy-
pothesis. If the alternative hypothesis has a not equal fo (+) sign, as in this example, it is a
two-tailed test. As shown in Figure 9.2, a two-tailed test has two rejection regions, one in
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These two values are sigure 2.2 A two-tailed

called the critical values test.

each tail of the distribution curve. Figure 9.2 shows the sampling distribution of X for a large
sample. Assuming Hy is true, ¥ has a normal distribution with its mean equal to 3.18 (the
value of w in Hy). In Figure 9.2, the area of each of the two rejection regions is o/2 and the
total area of both rejection regions is « (the significance fevel). As shown in this figure, a
two-tailed test of hypothesis has two critical values that separate the two rejection regiong
from the nonrejection region. We will reject f; if the value of ¥ obtained from the sample
falls in ecither of the two rejection regions. We will not reject Hy if the value of X lies in the
nonrejection region. By rejecting Hp, we are saying that the difference between the value of
4 stated in Hq and the value of x obtained from the sampie is too large to have occurred be-
cause of the sampling error alone. Consequently, this difference is real. By not rejecting Hy,
we are saying that the difference between the value of y stated in Hj and the value of X ob-
tained from the sample is small and it may have occurred because of the sampling error alone.

A Lefi-Tailed Test

Reconsider the example of the mean amount of soda in al} soft-drink cans produced by a
company. The company claims that these cans, on average, contain 12 ounces of soda. How-
ever, if these cans contain less than the clatmed amount of soda, then the company can be
accused of cheating. Suppose a consumer agency wants to test whether the mean amount of
soda per can is less than 12 ounces. Note that the key phrase this time is Jess than, which
indicates a left-tailed test. Let u be the mean amount of soda in all cans. The two possible
decisions are

L. The mean amount of soda in all cans is not less than 12 ounces—that 1s, o = 12 ounces.
2. The mean amount of soda in all cans is less than 12 ounces—-that is, 1 <C 12 ounces.

The null and alternative kypotheses for this test are written as
Hy: = 12 ounces (The mean is not less than 12 ounces)
Hy: <012 ounces {The mean is less than 2 ounces)

[n this case, we can also write the null hypothesis as Hy: o= 12, This will not affect the re-
sult of the test as long as the sign in H, is less than (<).

When the alternative hypothesis has a less than (<) sign, as in this case, the test is al-
ways left-tailed. In a left-tailed test, the rejection region is in the left tail of the distribution
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curve, as shown in Figure 9.3, and the area of this rejection region is equal to « (the signif-
icance level). We can observe from this figure that there is only one critical value in a left-
tailed test.

Assuming Hj is true, ¥ has a normal distribution for a large sample with its mean equal
10 12 ounces {the value of u in Hy). We will reject Hy if the value of X obtained from the
sample falls in the rejection region; we will not reject Hy otherwise.

A Right-Tailed Test

To illustrate the third case, according to a 1999 study by the American Federation of Teach-
ers, the mean starting salary of school teachers in the United States was $25,735 during
1997-98. Suppose we want to test whether the current mean starting salary of all school
teachers in the United States is higher than $25,735. The key phrase in this case is higher
than, which indicates a right-tailed test. Let u be the current mean starting salary of school
teachers in the United States. The two possible decisions this time are

1. The current mean starting salary of all school teachers in the United States is not higher
than $25,735-—that is, u = $25,735.

2. The current mean starting salary of all school teachers in the United States is higher than
£25,735—that is, p > $25,735.

We write the null and alternative hypotheses for this test as
Hy: o= $25,735 (The current mean starting salary is not higher than $25,733)
Hy:p > 825,735 (The current mean starting salary is higher than $25,735)

In this case, we can also write the null hypothesis as Hq: p < $25,735, which states that the
current mean starting salary of all school teachers in the United States is either equal to or
jess than $25.735. Again, the result of the test will not be affected whether we use an equal
fo (=) or a less than or equal to (<) sign in Hy as long as the alternative hypothesis has a
greater than (=) sign.

When the alternative hypothesis has a greater than () sign, the test is always right-
tailed. As shown in Figure 9.4 on page 384, in a right-tailed test, the rejection region is in
the right tail of the distribution curve. The area of this rejection region is equal to «, the sig-
nificance level. Like a left-tailed test, a right-tailed test has only one critical value.

Again, assuming H is true, ¥ has a normal distribution for a large sample with its mean
equal to $25,735 (the value of u in Hy). We will reject H, if the value of x obtained from
the sample falls in the rejection region. Otherwise, we will not reject H,
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Table 9.3 summarizes the foregoing discussion about the relationship between the signs
in Hy and £ and the tails of a test.

Tabie 9.3
Two-Tailed Left-Tailed Right-Tailed

Test Test Test
Sign in the null _ - -
hypothesis Hy B o= ' -
Sign in the altemative

. ' =
hypothesis f; * =
Rejection region In both tails fn. thef left n the.r]ght
tail tail

Note that the nuil hypothesis always has an equal to (=) or a greater than or equal to
(=) ot a less than or equal to (=) sign, and the alternative hypothesis always has a not equal
to (#) or a less than (<0) or a greater than (>} sign.

A test of hypothesis involves five steps, which are listed next.

STEPS TO PERFORM A TEST OF HYPOTHESIS A statistical test of hypothesis procedure
has the following five steps.

State the null and alternative hypotheses.

Select the distribution to use.

Determine the rejection and nonrejection regions.
Calculate the value of the test statistic.

. Make a decision.

B W

With the help of examples, these steps will be described in the next section.
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EXERCISES

A Concepts and Procedures

9.1 Briefly explain the meaning of each of the following terms.

a.  Null hypothesis b. Alternative hypothesis
¢.  Critical point(s) d. Significance level

e. Nonrejection region f. Rejection region

¢. Tails of a test h. Two types of errors

9.2 What are the four possible outcomes for a test of hypothesis? Show these outcomes by writing a
tabie. Briefly describe the Type I and Type II errors.

9.3 Explain how the tails of a test depend on the sign in the alternative hypothesis. Describe the signs
in the null and alternative liypotheses for a two-tailed, a left-tailed, and a right-tailed test, respectively.

9.4 Expiain which of the following is a two-tailed test, a left-tailed test, or a right-tailed test.

a. Hyw=45 H;u>45

b Hpop =23, Hy;u#23

e Hopp=T5 Hpp<Ts

Show the rejection and nonrejection regions for each of these cases by drawing a sampling distribu-
tion curve for the sample mean, assuming that the sample size is large in each case.

9.5 Explain which of the following is a two-tailed test, a left-tailed test, or a right-tailed test.

a. Hyp=12, Houp<I12

b, Hy uw=285 H;:w>385

e Hy =33, Hpp#33

Show the rejection and nonrejection regions for each of these cases by drawing a sampling distribu-
tion curve for the sarmple mean, assuming that the sample size is large in each case.

9.6  Which of the two hypotheses (null and alternative) is initially assumed to be true in a test of
bypothesis?

8.7 Consider Hy: p = 20 versus Hy: u < 20,

a.  What type of error are you making if the null hypothesis is actually false and vyou fail to reject it?
b, What type of error are you making if the null hypothesis is actually true and you reject it?

9.8 Consider Hy: p = 55 versus Hy: p # 55.

a.  What type of error are you making if the null hypothesis is actually false and vou fail to reject it?
b, What type of error are you making if the null hypothesis is actually true and you reject it?

A Applications

5.9  Write the null and alternative hypotheses for each of the following examples. Determine if each
is a case of a two-tailed, a left-tailed, or a right-tailed test.

a.  To test whether or not the mean price of houses in Connecticut is greater than $143,000

B, To test if the mean number of hours spent working per week by college students who hold jobs is
different from 15 hours

2. To test whether the mean life of a particular brand of auto batteries is Tess than 45 months

d. To test if the mean amount of time spent doing homework by all fourth-graders is different from
5 hours a week

o, To test if the mean age of all coilege students is different from 24 years

9,30  Write the null and alternative hypotheses for each of the following examples. Determine if each
is a case of a two-tailed, a left-tailed, or a right-tailed test.

a. To test if the mean amount of time spent per week watching spotts on television by all adult men
is different from 9.5 hours
b, To test if the mean amount of money spent by all customers at a supermarket is less than $85
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c. To test whether the mean starting salary of college graduates is higher than $29,000 per vear

d. To test if the mean GPA of all students at a university is lower than 2.9
e. To test if the mean cholesterol level of all adult men in the United States is higher than 175

HYPOTHESIS TESTS ABOUT A POPULATION MEAN: LARGE SAMPLES

Conducting a two-tailed
test of hypothesis abourt
# for a large sample.

From the central limit theorem discussed in Chapter 7, the sampling distribution of X is ap-
proximately normal for large samples (n = 30). Consequently, whether or not o is known,
the normal distribution is used to test hypotheses about the population mean when a sample
size is large.

-

TEST STATISTIC . In tests of hypo_th'eses about g for la_rge samples, the random variable

X — X -
G g
Oz i3

z =
where o - Cos=-0/7r . and 53 = 5Vn
s called the res'i. Sitaris;ié. The test s'fatistic__can be - defined as a rule or critetfion that 1s :
L used to. make the decision whether or not to reject the mull hypothesis. o
At the end of Section 9.1, it was mentioned that a test of hypothesis procedure involves
the following five steps.

1. State the null and alternative hypotheses.

Select the distribution to use.

Determine the rejection and nonrejection regions.
Calculate the value of the test statistic.

Make a decision.

A

Examples 9-1 through 9-3 illustrate the use of these five steps to perform tests of hy-
potheses about the population mean . Example 9-1 is concerned with a two-tailed test and
Examples 9-2 and 9-3 describe one-tailed tests,

EXAMPLE 9-1 The TIV Telephone Company provides long-distance telephone service in "
an area. According to the company’s records, the average length of ail long-distance calls placed -
through this company in 1999 was 12.44 minutes. The company’s management wanted to check -
if the mean length of the current long-distance calls is different from 12.44 minutes, A sample -
of 150 such calls placed through this company produced a mean length of 13.71 minutes with ;
a standard deviation of 2.65 minutes, Using the 5% significance level, can you conclude that -
the mean length of all current long-distance calls is different from 12.44 minutes? :

Solution Let p be the mean length of ail current long-distance calls placed through this
company and ¥ be the corresponding mean for the sample. From the given information,

n=150, x=1371 minutes, and s = 2.65 mirnutes

We are to test whether or not the mean length of all current long-distance calls is different
from 12.44 minutes. The significance level w is 05, that is, the probability of rejecting the P
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null hypothesis when it actually is true should not exceed .05. This is the probability of mak-
ing a Type I error. We perform the test of hypothesis using the five steps.

Step 1. State the null and alternative hvpotheses.

Notice that we are testing to find whether or not the mean length of all current long-
distance calls is different from 12.44 minutes. We write the null and alternative hypotheses
as follows.

Hy nw=1244 (The mean length of all current long-distance cails is 12.44 minutes)

Hip+ 1244 (The mean length of all current long-distance calls is different from
12.44 minutes)

Step 2. Select the distribution to use.

Because the sample size is large (» > 30), the sampling distribution of x is {approxi-
mately) normal. Consequently, we use the normal distribution to maike the test,

Step 3. Determine the rejection and nonrejection regions.

The significance level is .05. The # sign in the alternative hypothesis indicates that the
test i two-tailed with two rejection regions, one in each tail of the normal distribution curve
of x. Because the total area of both rejection regions is .05 (the significance level), the area
of the rejection region in each tail is .025; that is,

Area in each tail = a/2 = .05/2 = 025

These areas are shown in Figure 9.5. Two critical points in this figure separate the two tejec-
tion regions from the nonrejection region. Next, we find the z values for the two critical points
using the area of the rejection region. To find the z values for these critical points, we first
find the area between the mean and one of the critical points. We obtain this area by sub-
tracting .025 (the area in each tail) from .5, which gives .4750. Next we look for .4750 in the
standard normal distribution table, Table VII of Appendix D. The value of z for .4750 is 1.96.
Hence, the z values of the two critical points, as shown in Figure 9.5, are —1.96 and 1.96.

Look for this area in the
normal distribution table to
find the critical values of 2

/e =.025 /2 =.028

= 12 44
Reject 1Ty Do not reject 1Ty Reject Hy

-1 96 1. 96

?— Two critical values of 2 —?

Step 4. Calculate the value of the test statistic.

Figure 9.5

The decision to reject or not to reject the null hypothesis will depend on whether the ev-
idence from the sample falls in the rejection or the nonrejection region. If the value of ¥ falls
in either of the two rejection regions, we reject Hy. Otherwise, we do not reject Hy,. The value
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of X obtained from the sample is called the observed value of x. To locate the position of
x = 13.71 on the sampiing distribution curve of ¥ in Figure 9.5, we first calculate the = value
forx = 13.71. This is called the value of the rest statistic. Then, we compare the value of the
test statistic with the two critical values of z, —1.96 and 1.96, shown in Figure 9.5. If the
value of the test statistic is between —1.96 and 1.96, we do not reject Hy. If the value of the
test statistic is either greater than 1.96 or less than —1.96,we reject Hj.

CALCULATING THE VALUE OF THE TEST STATISTIC For a large sample, the value of the
test statistic z for x for a test of hypothesis about g is computed as follows:

-

z= if o is known
a3
X - cn s
7= £ if ¢ is not known
5=
X
where g;= o/Vn and 55 = sVn

The value of z calculated for ¥ using the formula is also called the observed value of .

The value of X from the sample is 13.71. Because & is not known, we calculate the z
value using s; as follows:

s 2,65
1= T~ = = = 216371
TN T Viso 59
From Hy

_Eop 13711244
TS T Taienss Y

z

The value of u in the calculation of the z value is substituted from the null hypothesis. The
value of z = 5.87 calculated for X is called the computed value of the test statistic z. This is
the value of z that corresponds to the value of X observed from the sample. It is also called
the observed value of z.

Step 5. Make a decision.

In the final step we make a decision based on the location of the value of the test sta-
tistic z computed for X in Step 4. This value of z = 5.87 is greater than the critical value of
z = 1.96, and it falls in the rejection region in the right tail in Figure 9.5. Hence, we reject
Hy and conclude that based on the sample information, it appears that the mean length of all
such calls is not equal to 12.44 minutes.

By rejecting the null hypothesis, we are stating that the difference between the sample
meai, x = 13.71 minutes, and the hypothesized value of the population mean, u = 12.44 mm
utes, is too large and may not have occurred because of chance or sampling error alone. This
difference seems to be real and, hence, the mean length of all such cails is different from 12.44
minutes. Note that the rejection of the null hypothesis does not necessarily indicate that the
mean length of alt such calls is definitely different from 12.44 minutes. It simply indicates
that there is strong evidence (from the sample) that the mean length of such cails is not equal
to 12.44 minutes. There is a possibility that the mean length of all such calls is equal to 12
minutes but, by the luck of the draw, we selected 2 sample with a mean that is too far from
the hypothesized mean of 12.44 minutes. If so, we have wrongfully rejected the null hypoth;
esis Hp. This is a Type I error and its probability is .05 in this example.

Sgrlds o AP .
R L B i bt s e L I
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Cprducting « right-iaiied
25t of ppathesis ubeut
o or @ large sample.

EXAMPLE 9-2 According to an estimate, the average sale price of homes in the neighbor-
hood with a high concentration of top-ranked professionals and executives in Stamford, Con-
necticut, was $520,234 in December 1999 (The Wall Street Journal, December 10, 1999). A
random sample of 50 homes from this neighborhood that were recently sold gave a mean sale
price of $565,750 with a standard deviation of $75,210. Using 1% significance level, can you
conclude that the current mean sale price of homes in this neighborhood is higher than $520,2347

Solution  Let u be the current mean sale price of all homes in this neighborhood of Stamford,
Connecticut, and let x be the corresponding mean for the sample. From the given information,

n=>50, x=$565750, and s =§75210
The significance level is a = 01.
Step 1. State the null and alternative hypotheses.

We are to test whether the current mean sale price of homes in the said neighborhood
of Stamford, Connecticut, is higher than $520,234. The null and alternative hypotheses are

Hy: o= $520,234 (The current mean is $520,234)
Hy: > $520,234 (The current mean is greater than $520,234)
Step 2. Select the distribution to use.

Because the sample size is large (n > 30), the sampiing distribution of x is {approxi-
mately) normal. Consequently, we use the normal distribution to make the test.

Step 3. Derermine the rejection and nonrejection regions.

The significance level is .01. The > sign in the alternative hypothesis indicates that the test
is right-tailed with its rejection region in the right tail of the sampling distribution curve of x.
Because there is only one rejection region, its area is & = .01. As shown in Figure 9.6, the crit-
ical value of z, obtained from Table VIl of Appendix D for 4900, is approximately 2.33.

o=.01

4900 — = ¥
u = $520.234 b
Do not reject Hy Reject Hy
| |
4] 2.33 2z
Critical value of zj Figure 9.3

Step 4. Calculate the value of the test stafistic.

The value of the test statistic z for x = $565,750 is calculated as follows:

s 75,210
;= = = = = 1(,636.3002
BTN T V0
From Hy
Lo Eom 565,750 — 520234 o

5 10,636.3002
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Step 5. Muke a decision.

The value of the test statistic z = 4.28 is greater than the critical value of z = 2.33 and
it falls in the rejection region. Consequently, we reject Hy. Therefore, we can state that the
sample mean X = $565,750 is too far from the hypothesized population mean » = $520,234,
The difference between the two may not be attributed to chance or sampling error alone,
Therefore, the current mean sale price of homes in the said neighborhoed of Stamford, Con-
necticut, is higher than $520,234. n

£XAMPLE 9-3 Because couples are deciding to have fewer children, the family size in
the United States has decreased over the past few decades. According to the U.S. Bureau of
the Census, the mean family size was 3.18 in 1998. A researcher wanted to check if the cur-
rent mean family size is less than 3.18. A sample of 900 families taken this year by this re-
searcher produced a mean family size of 3.16 with a standard deviation of .70. Using the
.025 significance level, can we conclude that the mean family size has decreased since 19987

Solution Let w be the current mean size of all families and x the mean family size for the
sample. From the given information,

n=900, x=316, and s5=.70
The mean family size for 1998 is given to be 3.18. The significance level « is .025.
Step 1. State the null and alternative hypotheses.

Notice that we are testing for a decrease in the mean family size. The null and aiterna-
tive hypotheses are written as follows.

Hy: o= 3.18 {The mean family size has not decreased)
Hpyp <318 (The mean family size has decreased)
Step 2. Select the distribution to use.

Because the sample size is large (n > 30), the sampling distribution of X i (approxi-
mately) normal. Consequently, we use the normal distribution to make the test.

Step 3. Determine the rejection and nonrejection regions.

The significance level is .025. The < sign in the alternative hypothesis indicates that the
test is left-tailed with the rejection region in the left tail of the sampling distribution curve
of ©. The critical value of z, obtained from the normal table for 4750, is —1.96, as showt

in Figure 9.7.
/T ~
AN
o =.025 ,/
-—.}"5@.4750 \

w=3.18

Reject Hg F— Do not reject iy

| |
-1.96 0 4

®|

?— Critical value of z Figure 2.7
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Step 4. Calculate the value of the test statistic.

The value of the test statistic z for ¥ = 3.16 is calculated as follows:

= T = —e— = 02333333
5 - 900 3333
————"From H,
i
_X— 4 _ 316318 L
i T T oz o %6
Step 5. Muake a decision.
The value of the test statistic z = —.86 is greater than the critical value of z = —1.96,

and it falls in the nonrejection region. As a result, we fail to reject H,. Consequently, we can
state that based on the sample information, it appears that the mean family size has not de-
creased since 1998. Note that we are not concluding that the mean family size has definitely
not decreased. By not rejecting the null hypothesis, we are saying that the information ob-
tained from the sample is not strong enough to reject the null hypothesis and to conclude
that the family size has decreased since 1998. [ |

In studies published in various journals, authors usually use the terms significantlv dif-
Jevent and not significantly different when deriving conclusions based on hypothesis tests.
These terms are short versions of the terms statistically significanily different and statisti-
cally not significantly different. The expression significantly different means that the differ-
ence between the observed value of the sample mean x and the hypothesized value of the
population mean w is so large that it probably did not occur because of the sampling error
alone. Consequently, the nuil hypothesis is rejected. In other words, the difference between
x and p is statistically significant. Thus, the statement significantly differeni is equivalent to
saying that the null hypothesis is rejected. In Example 92, we can state as a conclusion that
the observed value of ¥ = $565,750 is significantly different from the hypothesized value of
# = $520,234. That is, the current mean sale price of neighborhood homes is significantly
different from $520,234,

On the other hand, the statement nof significantly different means that the difference be-
tween the observed value of the sample mean X and the hypothesized value of the popula-
tion mean g is so small that it may have occurred just because of chance. Consequently, the
null hypothesis is not rejected. Thus, the expression not significantly different is equivalent
to saying that we fail ro reject the null hypothesis. In Example 9-3, we can state as a con-
clusion that the observed value of X = 3.16 is not significantly different from the hypothe-
sized value of p = 3.18. In other words, the current mean family size does not seem to be
significantly different from 3.18.

EXERCISES

W Concepts and Procedures
9.1t What are the five steps of a test of hypothesis? Explain briefly.
9.12  What does the level of significance represent in a test of hypothesis? Explain,

9.13 By rejecting the null hypothesis in a test of hypothesis example, are you stating that the alter-
native hypothesis is true?

9.14 What is the difference between the critical value of = and the observed value of z7
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9.15  For each of the following examples of tests of hypotheses about u, show the rejection and non-
rejection regions on the sampling distribution of the sample mean.
a. A two-tailed test with @ = .05 and n = 40
b. A left-tailed test with @ = .01 and # = 67
€. A right-tailed test with & = .02 and n = 53
9.16  For each of the following examples of tests of hypotheses about u, show the rejection and non-
rejection regions on the sampling distribution of the sample mean.
a. A two-tailed test with @ = 01 and » = 100
b. A left-tailed test with & = .005 and » = 60
¢. A right-tailed test with &« = 025 and n = 36

9.17 Consider the following null and alternative hypotheses:
Ho: =25 wversus Hpi p#25

Suppose you perform this test at « = .05 and reject the null hypothesis. Would you state that the dif-
ference between the kypothesized vatue of the population mean and the observed value of the sample
mean is “statistically significant™ or would you staie that this difference is “statistically not signifi-
cant”? Explain.

9.18 Consider the feilowing nulil and alternative hypotheses:
Hy p=60 versus Hp:p > 60

Suppose you perform this test at v = 01 and fail to reject the null hypothesis. Would you state that
the difference between the hypothesized value of the population mean and the observed value of the
sample mean is “statistically significant” or would you state that this difference is “statistically not sig-
nificant™? Explain.

9.1%  For each of the following significance levels, what is the probability of making a Type I error?
a. a= 025 b, a=.05 c. a=.0l

020 For each of the following significance levels, what is the probability of making a Type I error?
a. a=.10 b, a=.02 ¢. a=.005

9.21 A random sample of 120 observations produced a sample mean of 32 and a standard deviation
of 6. Find the critical and observed values of z for each of the following tests of hypotheses using
a = .05,

a Hyp=28 versus Hy: > 28

b, Hy u=28 VETSus Hy:p # 28

9.22 A random sample of 90 observations produced a sample mean of |5 and a standard deviation
of 4. Find the critical and observed vaiues of = for each of the following tests of hypotheses using
a =01,

a, Hy pu=20 Versus Hy: g <20

b, Hppu=20 VErsus Hyp 20

.23 Consider the null hypothesis Hy: 1 = 30. Suppose a random sample of 120 observations is tak_eﬂ
to petform this test. Using e = .05. show the rejection and nonrejection regions on the sampling dls
tribution curve of the sample mean and tind the critical value(s) of = when the alternative hypothests 5
a Hip <30 b, Hip#350 ¢. Hyup>350

9.24 Consider the null hypothesis Ay 0 == 35. Suppose a random sample of 70 observations s tak?“
to perform this test. Using o = .01, show the rejection and nonrejection regions on the sampling dis-
tributien curve of the sample mean and find the critical vaiue(s) of z for a

a. left-tailed test b, two-tailed test ¢. right-tailed test
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9.25  Consider Hy: g = 100 versus Hy: = 100.

a4, A random sample of 64 observations preduced a sample mean of 98 and a standard deviation of
12, Using a = .01, would you reject the nuil hypothesis?

b.  Another random sample of 64 observations taken from the same population produced a sample
mean of 104 and a standard deviation of 10. Using @ = .01, would you reject the null hypothesis?
Comment on the results of parts a and b.

9.26  Consider Hy: 1t = 45 versus Hy: o < 45,

a. A random sample of 100 observations produced a sample mean of 43 and a standard deviation of
5. Using a = .025, would you reject the null hypothesis?

b.  Another random sample of 100 observations taken from the same population produced a sample
mean of 43.8 and a standard deviation of 7. Using & = .025, would you reject the null hypothesis?
Comment on the results of parts a and b.

9.27 Make the following tests of hypotheses.
a. Hy p= 25, Hyop # 25, n =81, X

b Hyep=12, H:p<12, n=45 ¥ = 05
o Hy:w =40, Hy:ow > 40, n =100, X =47, s=17, a =10
9.28 Make the following test of hypotheses.

& Hy p= 80, Hy:op + 80, n =33, x = 76.5, o =135, = [0
b Hyou=32, Hy: <32, n=75, ¥ =263, §=74, a =01
e Hg =55, Hyi:p > 55, n = 40, x = 60.5, § =4, o= 03

2]
N
3 -
1
=
L
™)
[

=]

# Applications

9.29 According to data from the U.S. Center for Health Statistics, Americans aged 18-24 made an
annual average of 3.9 visits to physicians (Statistical Abstract of the United States, 1998). Last year a
random sample of 350 Americans in this age group showed a mean of 3.7 visits per person with a stan-
dard deviation of 1.6 visits. Test at the |% significance level whether the mean number of visits to
physicians last year by Americans in this age group differed from 3.9,

9.30  According to data from the U.S. Health Care F inancing Administration, the average annual ex-
penditure on health care is $3645 per person in the United States (Statistical Abstract of the United
States, 1998). A random sample of 200 persons showed that they spent an average of 53950 on health
care last year with a standard deviation of $1450. Test at the 2% significance Jevel whether last year’s
mean annual health expenditure per person for all people in the United States was greater than $3645.

9.31  According to 1999 data from Bruskin-Goldring for Goodyear/Gemini Automotive Care, the av-
crage age of the primary vehicles (which include cars, vans, pickups. and SUVs) owned by car own-
ers in the United States was 5.6 years (US4 TODAY, November 17, 1999, Assume that this result holds
true for alt primary vehicles in the United States in 1999, A recent random sample of 250 car owners
from the United States showed that the average age of their primary vehicles is 6 years with a standard
deviation of .75 year. Using the 2.5% significance level, can you conclude that the mean age of such
cars has changed since the 1999 report?

9.32 A 1998 news article stated that the consumption of artificial sweeteners in the United States was
equivalent to about 24 pounds of sugar per person per vear {Newsweek, July 13, 1998). Suppose that
a random sample of 150 Americans taken this year showed an annual average consumption of artifi-
cial sweeteners equivalent 10 27 pounds of sugar with a standard deviation of 9.0 pounds. Does the
sample support the alternative hypothesis that the current mean annual consumption of artificial sweet-
eners is more than 24 pounds of sugar? Use « == .01, Explain your conciusion,

9.33  According to a 1997 survey of public participation in the arts, Americans who used personal
computers at home during their free time averaged 5.2 hours per week on their computers (American
Demagraphics, August 1998). A recent random sample of 50 Americans who use computers at home
during their free time showed that the mean time these individuals spent on computers is 6.6 hours with
a standard deviation of 2.3 hours.
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a. At the 5% level of significance, can you conclude that the mean time spent on their computers
during their free time at home by all such Americans currently exceeds 5.2 hours per week?
b. What is the Type T error in this case? Explain. What is the probability of making this error?

934 According to data from the College Board, the average cost per student for books and supplies
for the 1997-1998 academic year was $634 at public four-year colleges in the United States {The Chron-
icle of Higher Education, August 1998). A recent random sample of 340 students at such colleges
yielded a mean cost for books and supplies of $683 with a standard deviation of $254.,

a. Testing at the 1% significance level, can you conclude that the mean of such costs currently dif-
fers from $634?
b. What is the Type 1 error in this case? Explain. What is the probability of making this error?

935 A study conducted a few years ago claims that adult men spend an average of 11 hours a week
watching sports on television. A recent sample of 100 adult men showed that the mean time they spend
per week watching sports on television is 9 hours with a standard deviation of 2.2 hours.

a. Test at the 1% significance level whether currently all adult men spend less than i1 hours per wesk
watching sports on television.
b,  What will your decision be in part a if the probability of making a Type I error is zero? Explain,

9.36 A restaurant franchise company has a policy of opening new restaurants only in those areas that
have a mean household income of at least $35,000 per year. The company is currently considering an
area in which to open a new restaurant. The company’s research department took a sample of 150 house-
holds from this area and found that the mean income of these households is $33,400 per year with a
standard deviation of $5400.

a.  Using the 1% significance level, would you conclude that the company should not open a restau-
rant in this area?
b. What will your decision be in part a if the prabability of making a Type 1 error is zero? Explain,

937 The manufacturer of a certain brand of aute batteries claims that the mean life of these batter-
ies is 45 months. A consumer protection agency that wants to check this claim took a random sample
of 36 such batteries and found that the mean life for this sample is 43.75 months with a standard de-
viation of 4 months.

a. Using the 2.5% significance leve!, would you conclude that the mean life of these batteries is less
than 45 months?

b. Make the test of part a using a 5% significance level. Is your decision different from the one i
part a? Comment on the results of parts a and b.

9.38 A study claims that all adults spend an average of & hours or more on chores during a weekend.
A researcher wanted to check if this claim is true. A random sample of 200 adulis taken by this re-
searcher showed that these adults spend an average of 7.68 hours on chores during a weekend with
standard deviation of 2.1 hours.

a. Using the 1% significance levei, can you conclude that the claim that all adults spend an averag® - i
of 8 hours or more on chores during a weekend is false? oo
b. Make the test of part a using a 2.5% significance level. Is your decision different from the one It
part a? Comment on the results of parts a and b,

9,39 Lazurus Steel Corporation produces iron rods that are supposed to be 36 inches long. The ma-
chine that makes these rods does not produce each rod exactly 36 inches long. The lengths of the rods
vary slightly. [t is known that when the machine is working properly, the mean length of the rods i 36
inches. The standard deviation of the lengths of all rods produced on this machine is always equal 10
05 inch. The quality control department at the company takes a sample of 40 such rods each weeks
calcutates the mean length of these rods, and tests the null hypothesis g = 36 inches against the altet-
native hypothesis p # 36 inches using a 1% significance level. If the null hypothesis is rejected,
machine is stopped and adjusted. A recent sample of 40 such rods produced a mean length of 36.01
inches. Based on this sample, would you conclude that the machine needs an adjustment?

. L ] . . : s
9.40 At Farmer’s Dairy, a machine is set to fill 32-ounce milk cartons. However, this machine d"m
aot put exactly 32 ounces of milk into each carton; the amount varies slightly from carton (0 cartoh
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It is known that when the machine is working properly, the mean net weight of these cartons is 32
ounces. The standard deviation of the milk in all such cartons is always equal to .15 ounce. The qual-
ity control inspector at this dairy takes a sample of 33 such cartons each week, calculates the mean net
weight of these cartons, and tests the null hypothesis u = 32 ounces against the alternative hypothesis
# # 32 ounces using a 2% significance level. If the null hypothesis is rejected, the machire is stopped
and adjusted. A recent sampie of 35 such cartons produced a mean net weight of 31.90 ounces. Based
or: this sample, would you conclude that the machine needs to be adjusted?

9.4} A company claims that the mean net weight of the contents of its All Taste cereal boxes is at
least 18 cunces. Suppose you want to test whether or not the claim of the company is true. Explain
brieffy how you would conduct this test using a large sample.

9.42 A researcher ciaims that college students spend an average of 45 minutes per weck on commu-
nity service. You want to test if the mean time spent per week on community service by college stu-
dents is different from 45 minutes. Explain briefly how you would conduct this test using a large sample.

HYPOTHESIS TESTS USING THE p-YALUE APPROACH

In the discussion of tests of hypotheses in Section 9.2, the value of the significance level «
was selected before the test was performed. Sometimes we may prefer not to predetermine
a. Instead, we may want to find a value such that a given null hypothesis will be rejected for
any « greater than this value and it will not be rejected for any « less than this value. The
probability-value approach, more commonly called the p-value approach, gives such a
value. In this approach, we calculate the p-value for the test, which is defined as the small-
est level of significance at which the given null hypothesis is rejected.

P-VALUE The p-value is the smallest significance level at which the null hypothesis is i
rejected. |
|

Using the p-value approach, we reject the null hypothesis if
p-value < o

and we do not reject the null hypothesis if
p-vaiue = o

For a one-tailed test, the p-vatue is given by the area in the tail of the sampling distri-
bution curve beyond the observed value of the sample statistic. Figure 9.8 shows the p-value
for a right-tailed test about .

L Value of Tobserved  ~0G4i& 9.8 The p-value
from the sample for a right-tailed test.
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For a two-tailed test, the p-value is twice the area in the tail of the sampling distribution
curve beyond the cbserved value of the sample statistic. Figure 9.9 shows the p-value for a
two-tailed test. Each of the areas in the two tails gives one-half the p-value.

The sum of these two
areas gives the p-value

N

~,

n T X

t Value of T observed  Figure 9.7 The p-value
from the sample for a two-tailed test.

Examples 9-4 and 9-5 illustrate the calculation and use of the p-value.

A AMPLE 9-d The management of Priority Health Club claims that its members lose an
average of 10 pounds or more within the first month after joining the club. A consumer
agency that wanted to check this claim took a random sample of 36 members of this heaith
club and found that they lost an average of 9.2 pounds within the first month of member-
ship with a standard deviation of 2.4 pounds. Find the p-value for this test.

Seintion  Let p be the mean weight lost during the first month of membership by all mem-
bers of this health club, and let ¥ be the corresponding mean for the sample. From the given
information,

n=236 ¥=92pounds, and 5= 2.4 pounds

The claim of the club is that its members lose, on average, 10 pounds or more within the
first month of membership. To calculate the p-value, we apply the following three steps.

Step 1. State the null and alternative hypotheses.
Hp: pz= 10 {The mean weight lost is 10 pounds or more}
Hitp < 10 (The mean weight lost is less than 10 pounds)
Step 2. Select the distribution to use.

Because the sample size is large, we use the normal distribution to make the test and t0
calculate the p-value.

Step 3. Calculate the p-value.

The < sign in the alternative hypothesis indicates that the test is left-tailed. The p-vaiue
is given by the area to the left of X = 9.2 under the sampling distribution curve of X, as showl!
in Figure 9.10. To find this area, we first find the z value for x = 9.2 as follows:
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zvalue for _? figura 9.10  The p-value
F=9.2 for a left-tailed test.

The area to the left of X = 9.2 under the sampling distribution of X is equal to the area under
the standard normal curve to the left of z = —2.00. From the normatl distribution table, the
area between the mean and z = —2.00 is .4772. Hence, the area to the left of z = —2.00 is
S5 — 4772 = 0228, Consequently,

p-value = 0228

Thus, based on the p-value of 0228 we can state that for any « (significance level)
greater than .0228 we will reject the null hypothesis stated in Step 1 and for any « less than
.0228 we will not reject the null hypothesis. Suppose we make the test for this example at
@ = .01. Because o = .01 is less than the p-value of .0228, we will not reject the null
hypothesis. Now, suppose we make the test at & = .05. This time, because @ = .05 is greater
than the p-value of .0228, we will reject the null hypothesis. |

The reader should make the test of hypothesis for Example 9—4 at o = .01 and at
a = .05 by using the five steps learned in Section 9.2. The null hypothesis will not be
rejected at o = .01 (as .0] is less than p = .0228), and the null hypothesis will be rejected
at & = .05 (as .05 is greater than p = .0228).

2 AMPLE =% At Canon Food Corporation, it used to take an average of 50 minutes for
new workers to learn a food processing job. Recently the company installed a new food pro-
cessing machine. The supervisor at the company wants to find if the mean time taken by new
workers to learn the food processing procedure on this new machine is different from 50 min-
utes. A sample of 40 workers showed that it took, on average, 47 minutes for them to learn
the food processing procedure on the new machine with a standard deviation of 7 minutes.
Find the p-value for the test that the mean learning time for the food processing procedure
on the new machine is different from 50 minutes.

Safwrics Let i be the mean time (in minutes) taken to learn the food processing procedure
on the new machine by all workers, and let x be the corresponding sample mean. From the
given information,

n =40, x =47 minutes, and s = 7 minutes
To calculate the p-value, we apply the following three steps.
Step 1. State the null and alternative hypotheses.
Hy: = 50 minutes

Hi: e # 30 minutes
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Note that the null hypothesis states that the mean time for learning the food processing pro-
cedure on the new machine is 50 minutes, and the alternative hypothesis states that this time
is different from 50 minutes.

Step 2. Select the distribution to use.

Because the sample size is large, we use the normal distribution to make the test and to
calculate the p-value.

Step 3. Calculate the p-value.

The + sign in the alternative hypothesis indicates that the test is two-tailed. The p-value is
equal to twice the area in the tail of the sampling distribution curve of x to the left of x = 47,
as shown in Figure 9.11. To find this area, we first find the z value for ¥ = 47 as follows:

3 7 )
51 = —\;4"; = —’\776 = 1.10679718 minutes

_ X 47 — 30

z = = = =271
55 110679718
The sum of these two
areas gives the p-value
0034
=50 X
| |
-2.71 0 z
i\_ 2 value for Figure 2.71 The p-value
=47 for a two-tailed test.

The area to the left of ¥ = 47 is equal to the area under the standard normal curve to the left
of z = —2.71. From the normal distribution table, the area between the mean and z = —2.71
is .4966. Hence, the area to the left of z= —2.71 is

5 — 4966 = .0034
Consequently, the p-value is
p-value = 2(.0034) = .0068

Thus, based on the p-value of .0068, we conclude that for any « (significance iev#)
greater than 0068 we will reject the null hypothesis and for any « less than 0068 we will

not reject the null hypothesis. "
EXERCISES
A Concepts and Procedures

tailed

9.43  Briefly explain the procedure used to caleulate the p-value for a two-tailed and for & oné
test, respectively.
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244 Find the p-value for each of the following hypothesis tests.

a. Hy pu=23, Hyop # 23, n =50, X = 21.25, §=35
b, Hy p=15, Hyow < 13, n = 80, x=13.25, §=355
¢ Hy u =38, Hyopw > 38, n =135, x = 40.25, s=72

9.45  Find the p-value for each of the following hypothesis tests.

a. Hy p =46, Hy o # 46, n =40, x = 49.60, =097
b Hy opo= 26, Hi:p <26, n= 33 x = 24.30, §=43
e Hyp=18, Hpm > 18, n =53, x = 20.50, s=T78

9.46 Consider Hy: p = 29 versus Hy: w # 29. A random sample of 60 observations taken from this
population produced a sample mean of 31.4 and a standard deviation of 8.

a. Calculate the p-value.
b.  Considering the p-value of part a, would you reject the null hypothesis if the test were made at the
significance level of .057
¢. Considering the p-value of part a, would you reject the null hypothesis if the test were made at the
significance level of 017

9.47 Consider Hy: u = 72 versus Hy: g > 72. A random sample of 36 observations taken from this
population produced a sample mean of 74.07 and a standard deviation of 6.

a.  Calculate the p-value.

h.  Considering the p-value of part a, would you reject the null hypathesis if the test were made at the
significance level of .01?

€. Considering the p-value of part a, would you reject the null hypothesis if the test were made at the
significance level of .0257

M Applications

9.48  According to a forecast made in 1999, the average daily rate for a hotel room in the United
States in the year 2000 would be $85 (Smith Travel Research, US4 TODAY, June 28, 1999). Suppose
that a random sample of 81 hotel rooms in the year 2000 found a mean daily rate of $88 with a stan-
dard deviation of $12. Find the p-value for the test of hypothesis with the alternative hypothesis that
the actual mean rate in the year 2000 differs from the forecast.

949 According to the Energy Information Administration of the U.S. Department of Energy, the aver-
age price of unleaded regular gasoline in the United States was 108.2 cents per gallon for the period Jan-
vary-—June 1998 (World Almanac and Book of Facts, 1999). Suppose that a recent nationwide random
sample of 200 gas stations found a mean price for unleaded regular gasoline of 106.5 cents per gallon
with a standard deviation of 18,0 cents per gallon. Find the p-value for the hypothesis test with the alter-
native hypothesis that the mean price for unleaded gasoline currently differs from 108.2 cents per gallon.

9.50  The manufacturer of a certain brand of auto batteries claims that the mean life of these batter-
ies is 45 months. A consumer protection agency that wants te check this ¢laim took a random: sample
of 36 such batteries and found that the mean life for this sample is 43.75 monshs with a standard de-
viation of 4.5 months. Find the p-value for the test of hypothesis with the alternative hypothesis that
the mean life of these batteries is less than 45 months.

9.31 A study claims that all adults spend an average of 14 hours or more on chores during 1 week-
end. A researcher wanted to check if this claim is true. A random sample of 200 adults taken by this
researcher showed that these adults spend an average of 13.75 hours on chores during a weekend with
a standard deviation of 3.0 hours. Find the p-value for the hypothesis test with the alternative hypoth-
esis that all adults spend less than |4 hours on chores during a weekend.

952 Data from the Consumer Expenditure Survey conducted by the U.S. Bureau of Labor Statistics
showed that U.S. houssholds spend an average of $3028 per year on car loan or lease payments (Money
Magazine, July 1999). Suppose that a recent random sampie of 300 households yislded a mean annual
expenditure for car loan or lease payments of $3143 with a standard deviation of $920.

4. Find the p-value for the test of hypothesis with the alternative hypothesis that the current mean an-
nual household expenditure on car loan or lease payments exceeds $3028.
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b. If o = .01, based on the p-vaiue calculated in part a, would vou reject the aull hypothesis? Explain,
¢. If o= 023, based on the p-value calculated in part 2, would vou reject the nuli hypothesis? Explain,

9.53 A telephone company claims that the mean duration of all long-distance phone calls made by
its residential customers is 10 minutes. A random sample of 100 long-distance calls made by its resi-
dential customers taken from the records of this comparny showed that the mean duration of calls for
this sample is 9.25 minutes with a standard deviation of 3.75 minutes.

a. Find the p-value for the test that the mean duration of all iong-distance calls made by residentia]
customers is less than 10 minutes.

b. If @ = .02, based on the p-vaiue calculated in part a, would you reject the null hypothesis? Explain,
c. I a=.05 based on the p-value calculated in part a, would you reject the null hypothesis? Explain,

9.54  Lazurus Steel Corporation produces iron rods that are supposed te be 36 inches long, The ma-
chine that makes these rods does not produce each rod exactly 36 inches long. The lengths of the rods
vary slightly. It is known that when the machine is working properly, the mean length of the rods ig
36 inches. The standard deviation of the lengths of ali rods produced on this machine is always equal
t .05 inch. The quality control department at the company takes 2 sample of 40 such rods every week,
calculates the mean length of these rods, and tests the null hypothesis . = 36 inches against the alter-
native hypothesis u # 36 inches. If the null hypothesis is rejected, the machine is stopped and adjusted
A recent such sample of 40 rods produced a mean length of 36.015 inches.

a, Caleulate the p-value for this test of hypothesis.

b.  Based on the p-value calculated in part a, will the quality control inspector decide to stop the ma-
chine and adjust it if he chooses the maximum probability of a Type [ error to be .027 What if the max-
imum probability of a Type [ error is .107

9.55 At Farmer’s Dairy, a machine is set to fill 32-ounce milk cartons, However, this machine does
not put exactly 32 ounces of milk into each carton; the amount varies slightly from carton to carton.
It is known that when the machine is working properly, the mean net weight of these cartons is 32 |
ounces. The standard deviation of the milk in all such cartons is always equal t0 .15 ounce. The qual-
ity control inspector at this company takes a sample of 35 such cartons every week, calculates the mean
net weight of these cartons, and tests the null hypothesis # = 32 ounces against the alternative hy-
pothesis g # 32 ounces. If the null hypothesis is rejected, the machine is stopped and adjusted. A re-
cent sample of 35 such cartons produced a mean net weight of 31,90 ounces.

a.  Calculate the p-value for this test of hypothesis.

b. Based on the p-value calculated in part a, will the quality control inspector decide to stop the ma-
chine and readjust it if she chooses the maximum probability of a Type I error to be 017 What if the
maximum probability of a Type [ error is .057?

HYPOTHESIS TESTS ABOUT A POPULATION MEAN: SMALL SAMPLES

Many times the size of a sample that is used to make a test of hypothesis about g is smalt-—
that is, n << 30. This may be the case because we have limited resources and cannot afford
to take a large sample or because of the nature of the experiment itself. For example, to test
a new model of a car for fuel efficiency (miles per gallon), the company may prefer to use
a small sample. All cars included in such a test must be sold as used cars. In the case of &
small sample, if the population from which the sample i3 drawn is (approximately) normau)’
distributed and the population standard deviation e is known, we can still use the pormal dis- -
tribution to make a test of hypothesis about . However, if the population is (_approximﬂtE}y)
normally distributed, the population standard deviation o is not known, and the sample 1€ -
is small (n < 30), then the normal distribution is replaced by the ¢ distribution to make a test
of hypothesis about w. In such a case the random variable

K
=K where s; = —=
55 Vi
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Conduciing a two-tailed
test of liypothiesis about
e < 34

has a t distribution. The ¢ is called the test statistic to make a hypothesis test about a popu-
lation mean for small samples.

CONDITIONS UNDER WHICH THE / DISTRIBUTION IS USED TQ MAKE TESTS OF HYPOTHE-
SIS ABOUT . The ¢ distribution is used to conduct a test of hypothesis abour p if
1. The sample size is small (n < 30).

2. The population from which the sample is drawn is (approximately) normally dis-
tributed.

3. The population standard deviation o is unknown.

The procedure that is used to make hypothesis tests about w in the case of small sam-
ples is similar to the one for large samples. We perform the same five steps with the only
difference being the use of the ¢ distribution in place of the normal distribution,

TEST STATISTIC The value of the test statistic t for the sample mean x is computed as

X - s
B where 5 = —
3% Vi

=

The value of ¢ calculated for x by using the above formula is also called the observed
value of 1.

Examples 9-6, 97, and 9-8 describe the procedure of testing hypotheses about the pop-
ulation mean using the ¢ distribution,

EXAMPLE 9-6 A psychologist claims that the mean age at which chiidren start walking
is 12.5 months. Carol wanted to check if this claim is true. She took a random sample of 18
children and found that the mean age at which these children started walking was 12.9 months
with a standard deviation of .80 month. Using the 1% significance level, can you conclude
that the mean age at which all children start walking is different from 12.5 months? Assume
that the ages at which all children start walking have an approximately normal distribution.

Sofution  Let u be the mean age at which all children start walking and x the correspond-
ing mean for the sample. Then, from the given information,

n=18, x=12.9 months, 5= .80 month, and « = .0l
Step 1. State the null and alternative hvpotheses.

We are to test if the mean age at which all children start walking is different from 12.5
months. The null and alternative hypotheses are

Hy u=125 (The mean walking age is 12.5 months)
Hyw+#125 (The mean walking age is different from 12.5 months)
Step 2. Select the distribution to use.

The sample size is small and the population is approximately normally distributed. How-
ever, we do not know the population standard deviation o. Hence, we use the ¢ distribution
to make the test.
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Step 3. Determine the rejection and nonrejection regions.

The significance level is .01. The # sign in the alternative hypothesis indicates that the
test is two-tailed and the rejection region lies in both tails. The area of the rejection region
in each tail of the ¢ distribution curve is

Area in each tail = &/2 = 01/2 = 005
df=n—-1=18—1=17

From the ¢ distribution table, the critical values of ¢ for 17 degrees of freedom and .005 area
in each tail of the ¢ distribution curve are —2.898 and 2.898. These values are shown in Fig-
ure 9.12.

Reject Hy Do not reject Hy %D-‘ Reject Hy

f

/2 =.005 of2 = .005

" _2.898 ) 7808 ¢

L Two critical values of ¢ ——T Figure 9.72

Step 4. Calculate the value of the test statistic.

We calculate the value of the test statistic 7 for ¥ = 12.9 as follows:

= —= = ——2= = 18856181
53 Vo 85

———From I,
i-p _ 129125 _
s Issseisy  ~12l

Step 5. Make a decision.

The value of the test statistic # = 2.121 falls between the two critical points, —2.898 and
2.898, which is the nonrejection region. Consequently, we fail to reject Hy. As a result, we
can state that the difference between the hypothesized population mean and the sample mean
is so small that it may have occurred because of sampling error. The mean age at which chil-
dren start walking is not different from 12.5 months. u

USING THE p-VALUE APPROCACH IN EXAMPLE 9-6

Note that using the procedure discussed in Section 9.3, we can use the p-value approach to m?ke
a decision in all problems relating to hypothesis testing in this and succeeding chapters. For 1o~
stance, we can find the p-value for ¥ = 12.9 in Example 9-6 and compare it with the given sig-
nificance level to make a decision. As shown in Step 4 of Example 9-6, the ¢ value for x = {.2'9 g
is 2.121. From the ¢ distribution table, for df =17 and ¢ = 2.121, the p-value for a twvo-tailed
test is approximatety .05. (Note that this p-value for df=17and r=21101s 2 X .025 = 05 .3
However, for the same degrees of freedom but ¢ = 2.121, this p-value will be slightly less than
.05.) Since & = .01 is less than the p-value of .05, we fail to reject the null hypothesis.

The same procedure can be used fo obtain the p-value for the lest of hypothesis prod™
lems in Section 9.5 and in succeeding chapters. To do so, we find the value of the test S1°
tistic for the given value of the sample statistic obtained from the sample and then obtail the
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p-value from the corresponding probability distribution table for that value of the test statis-
tic. Finally, we compare that p-value with the significance level and make a decision.

All the statistical software packages, including MINITAB, give the p-value in the solu-
tion to a test of hypothesis problem. Thus, if You are using a statistical software package to
soive a test of hypothesis problem, you can compare the p-value given in the computer so-
lution to the significance level and make a decision.

EAAMPLE 9-7  Grand Auto Corporation produces auto batteries. The company claims that
its top-of-the-line Never Die batteries are good, or average, for at least 65 months. A con-
sumer protection agency tested 15 such batteries to check this claim. It found the mean life
of these 15 batteries to be 63 months with a standard deviation of 2 months, At the 5% sig-
nificance level, can you conclude that the claim of the company is true? Assume that the life
of such a battery has an approximately normal distribution.

Solusivn Let u be the mean life of all Never Die batteries and T the corresponding mean
for the sample. Then, from the given information,

n=15 X=063months, and s = 2 months

The significance level is a = .05. The company’s claim is that the mean life of these batter-
ies is at least 65 months.

Step 1. State the null and alternative hypotheses.

We are to test whether or not the mean life of Never Die batteries is at least 65 months.
The null and alternative hypotheses are as follows:

Hy =65 {The mean life is at ieast 65 months)
Hyo << 63 {The mean life is less than 65 months)
Step 2. Select the distribution to use.

The sample size is small (n < 30) and the life of a battery is approximately normally
distributed. However, the population standard deviation is not known. Hence, we use the ¢
distribution to make the test.

Step 3. Determine the rejection and nonrejection regions.

The significance level is .05. The < sign in the alternative hypothesis indicates that the
test is left-tailed with the rejection region in the left tail of the ¢ distribution curve. To find
the critical value of 7, we need to know the area in the left tail and the degrees of freedom,

Area in the left tail = o = .05
df=n-1=15-1= 14
From the ¢ distribution table, the critical value of ¢ for 14 degrees of freedom and an area of

05 in the teft tail is —1.761. This value is shown in Figure 9.13.

Reject 4, -Bo not reject H,

-1.761 8] ¢

?— Critical value of ¢ Figure 5.13
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Step 4.  Calculate the value of the test siatistic.
The value of the test statistic ¢ for ¥ = 63 is calculated as follows:

5 2

T = = ——== = 51639778
SRRV ERVIT:
From Hg

X—p _ 63-65
sz 51639778 3873

Step 5.  Make a decision.

The value of the test statistic 1 = —3.873 is less than the critical value of ¢ = —1.761,
and it falls in the rejection region. Therefore, we reject Hj and conclude that the sample mean
is too small compared to 65 (company’s claimed value of w) and the difference between the
two may not be attributed to chance alone. We can conclude that the mean life of the com-
pany’s Never Die batteries is less than 65 months. |

EAAMPLE 9-8 The management at Massachusetts Savings Bank is always concerned
about the quality of service provided to its customers. With the old computer system, a
teller at this bank could serve, on average, 22 customers per hour. The management no-
ticed that with this service rate, the waiting time for customers was too long. Recently the
management of the bank installed a new computer system in the bank, expecting that it
would increase the service rate and consequently make the customers happier by reducing
the waiting time. To check if the new computer system is more efficient than the old sys-
tem, the management of the bank took a random sample of 18 hours and found that dur-
ing these hours the mean number of customers served by tellers was 28 per hour with a
standard deviation of 2.5. Testing at the 1% significance level, would you conclude that
the new computer systermn is more efficient than the old computer system? Assume that the
number of customers served per hour by a teller on this computer system has an approxi-
mately normal distribution.

Sedurins Let u be the mean number of customers served per hour by a teller using the
new system, and let x be the corresponding mean for the sample. Then, from the given
information,

n = 18 hours, x = 28 customers, s = 2.5 customers, and o = 0!
Step 1. State the null and alternative hypotheses.

We are to test whether or not the new computer system is more efficient than the cld
system. The new computer system will be more efficient than the old system if the mean
number of customers served per hour by using the new computer system is significantly
more than 22; otherwise, it will not be more efficient. The null and alternative hypothe-
ses are

Hy =722 (The new computer system is not more efficient)
Hytppo>22 (The new computer system is more efficient)
Step 2. Select the distribution to use.

The sample size is small and the population is approximately normally distributed. HQW‘
ever, we do not know the population standard deviation o. Hence, we use the ¢ distributio®
to make the test.
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Step 3. Determine the rejection and nonrejection regions.

The significance level is .01. The > sign in the alternative hypothesis indicates that the
test is right-tailed and the rejection region lies in the right tail of the 7 distribution curve.

Area in the right tail = & = .01
df =n—-1=18-1=17

From the r distribution table, the critical value of ¢ for 17 degrees of freedom and .01 area
in the right tail is 2.567. This value is shown in Figure 9.14.

Do not reject A, Reject H,

// \\ a=.01

0 2.567 i

Critical value of tj Figura 9.14

Step 4. Calculate the value of the test statistic.

The value of the test statistic ¢ for x = 28 is calculated as follows:

s 2.5
S5 = Va = veri 58925565
From Hy
p= s 2822 hm

sz 58925565
Step 5. Make a decision.

The value of the test statistic ¢ = 10.182 is greater than the critical value of £ = 2.567,
and it falls in the rejection region. Consequently, we reject Hy. As a result, we conclude that
the value of the sample mean is too large compared to the hypothesized value of the popu-
lation mean, and the difference between the two may not be attributed to chance alone. The
mean number of customers served per hour using the new computer system is more than 22.
The new computer system is more efficient than the old computer system. #

ZAERTISES

@ Concepts and Procedures
3.56 Briefly explain the conditions that must hold true to use the ¢ distribution to make a test of
hypothesis about the population mean.

9.87  For each of the following examples of tests of hypotheses about w, show the rejection and non-
Iejection regions on the 7 distribution curve.

4. A two-tailed test with o = .02 and n = 20

. A left-tailed test with &« = .01 and # = 16
£, A right-tailed test with & = .05 and n = 18
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.58 For each of the following examples of tests of hypotheses about &, show the rejection and non-
rejection regions on the ¢ distribution curve.

A two-tailed test with @ = .01 and n = (5
A lefi-tailed test with @ = .005 and n = 25
A right-tailed test with @ = .025 and n = 22

#5% A random sample of 25 observations taken from a population thar is normally distributed pro-
duced a sample mean of 58.5 and a standard deviation of 7.5. Find the eritical and observed values of

t for each of the following tests of hypotheses using & = .01.

flo: g = 55 versus H): > 55
% Hg =55 versus Hy: u + 55

B84 A random sample of |6 observations taken from a population that is normally distributed pro-
duced a sample mean of 42.4 and a standard deviation of 8. Find the critical and sbserved values of ¢
for each of the following tests of hypotheses using & = .05.

2. Hy: o= 46 versus Hy: g < 46
b Hpr o= 46 versus Hp: p # 46

%.%¢  Consider the null hypothesis Hy: g = 70 about the mean of a population that is normally dis-
tributed. Suppose a random sample of 20 observalions is taken from this population to make this test,
Using a = .01, show the rejection and nonrejection regions and find the critical value(s) of ¢ for a

1. left-tailed test G two-tailed test = right-tailed test

232 Consider the null hypothesis Hy: 1+ = 35 about the mean of a population that is nermally dis-
tributed, Suppose a random sample of 22 observations is taken from (his population to make this test.
Using o = .05, show the rejection and nonrejection regions and find the critical value(s) of ¢ for a

left-tailed test 2 two-tailed test z. right-zailed test

Consider Hy: u = 80 versus A;: p # 80 for a population that is normally distributed.

5 A random sample of 25 observations taken from this population produced a sample mean of 77
and a standard deviation of 8, Using @ = .01, would you reject the null Lypothesis?

i Another random sample of 25 observations taken from the same population produced a sample
mean of 86 and a standard deviation of 6. Using & = .01, would you reject the null hypothesis?

Comment on the results of parts a and b,

F0d - Consider Hy: p = 40 versus Hi: p > 40 for a population that s normally distributed.

2. A random sample of 16 observations taken from this population produced a sample mean of 45
and a standard deviation of 5. Using & = .025, wouid vou reject the null hypothesis?

2 Another random sample of 16 observations taken from the same population produced a sample
mean of 41.9 and a standard deviation of 7. Using o = .025, would you reject the null hypothesis?

Comment on the results of parts a and b.

%.5%  Assuming that the respective populations are normally distributed. perform the following hy-
pothesis tests,

Hoyopw =24, Hi:p#24, n=25 %=2R5 s=49,  a=.01
Hy: po = 30, Hi:opo < 30, n =16, X =275, § = 6.6, a = .023
Ay w=18  Hyp>18,  n=20, =225 s=38§ a=_10
Assuming that the respective populations are normaily distributed, perform the following by-
pothesis tests.

Hy: = 60, Hy: o # 60, n =14, x =57, § =109 a = 035
Hyw=35  Hip<35, an=24 =28  s=54.  a=.005
Hyw=47,  H:p>47, =18 ¥=50. s=6 a= 00t

4 puiestions

+.57  According to a basketball coach, the mean height of all female college basketball players 13 695
inches, A random sample of 25 suck players produced a mean height of 70.25 inches with a standar

R o ambiis g et o AL
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deviation of 2.1 inches. Assumning that the heights of all female college basketball players are normally
distributed, test at the [% significance level whether their mean height is different from 69.5 inches.

9.68 According to the College Board, in 1999 the average SAT score in mathematics for students
from Rhode Tsland was 499, Suppose that a recent random sample of 25 mathematics SAT scores from
Rhode Island had a mean of 504 with a standard deviation of 105. Using the 5% significance level,
can you conclude that the current mean SAT score in mathematics for students from Rhode Island ex-
ceeds 4997 Assume that such SAT scores for all students from Rhode Island are normally distributed.

9.6%  The president of a university claims that the mean time spent partying by all students at this uni-
versity is not more than 7 hours per week. A random sample of 2 students taken from this university
showed that they spent an average of 10.50 hours partying the previous week with a standard devia-
tion of 2.3 hours. Assuming that the time spent partying by all students at this university is approxi-
mately normally distributed, test at the 2.5% significance level whether the president’s claim is true.
Explain your conclusion in words.

9.70 The mean balance of all checking accounts at a bank on December 3 1, 1999, was $850. A ran-
dom sample of 25 checking accounts taken recently from this bank gave a mean balance of $780 with
a standard deviation of $230. Assume that the balances of all checking accounts at this bank are nor-
mally distributed. Using the 1% significance level, can you conclude that the mean balance of such ac-
counts has decreased during this period? Explain your conclusion in words,

9.71 A soft-drink manufacturer claims that its 12-ounce cans do not contain, on average, more than 30
calories. A random sample of 16 cans of this soft drink, which were checked for calories, contained a
mean of 32 calories with a standard deviation of 3 calories. Assume that the number of calories in 12-
ounce soda cans is normally distributed. Does the sample information support the alternative hypothesis
that the manufacturer’s claim is false? Use a significance level of 5%. Explain your conclusion in words.

9.72  According to data from the National Public Transportation Survey, commuters who use public
transportation in metropolitan areas with populations of 3 million or more average 43 minutes of travel
time (US4 TODAY, April 14, 1999). A recent random sampie of 20 such commuters showed a mean
trave] time of 32 minutes with a standard deviation of 14 minutes, Using the 2% significance level,
can you conclude that the mean travel time for all such commuters currently differs from 43 minutes?
Assume that the travel times for all such commuters are normally distributed.

9.73 A paint manufacturing company claims that the mean drying time for its paints is not longer
than 45 minutes. A random sample of 20 gallons of paints selected from the production line of this
company showed that the mean drying time for this sample is 49.50 minutes with a standard deviation
of 3 minutes. Assume that the drving times for these paints have a normal distribution.

a.  Using the 1% significance level, would you conclude that the company’s claim is true?
b, What is the Type [ error in this exercise? Explain in words, What is the prebability of making such
an error?

9.74 A 1999 poll of 1014 adults by the National Sleep Foundation reported that these adults have an av-
erage of (abour) 7 hours sleep per night during the workweek (US4 TODAY, March 25, 1999). A recent
random sample of 18 adults showed an average of 6.75 hours of sleep per night during the workweek with
a standard deviation of .60 hour. Assume that such sleep times for ali adults are normally distributed.

a. Using the 2.5% significance level, can you conclude that the mean sleep duration for all adults
during the workweek is currently less than 7 hours?

b.  What is the Type I error in this hypothesis test? Explain. What is the probability of making such
an error?

9.75 A business school claims that students who complete a three-month typing course can type, on
average, at least 1200 words an hour. A random sample of 25 students who completed this course typed,
on average, 1125 words an hour with a standard deviation of 85 words. Assume that the typing speeds
for all students who complete this course have an approximately normal distribution.

2. Suppose the probability of making a Type I error is selected 1o be zero. Can you conclude that the
¢claim of the business school is true? Answer without performing the five steps of a test of hypothesis.
b, Using the 5% significance level, can you conclude that the claim of the business school is true?
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975 According to data from the House Ways and Means Committee, the average time required for
taxpayers to prepare IRS Schedule A (itemized deductions) was (about) 4.5 hours (US4 TODAY, Apri]
20, 1999). A taxpayers® organization claims that the time required to prepare this form averages more
than 4.5 hours. Suppose that a random sample of 26 taxpayers shows a mean preparation time of
4.75 hours with a standard deviation of .75 hour. Assume that all such preparation times are normally
distributed.,

2. Suppose that the probability of the Type 1 error is selected to be zero, Can you conclude that the
claim of the taxpayers’ organization is true? Answer without performing the five steps of a test of
hypothesis.

5. Using the 5% level of significance, can you conclude that the claim of the taxpayers’ organization
is true?

277 A past study claims that adults in America spend an average of 18 hours a week on leisure ac-
tivities. A researcher wanted to test this claim. She took a sample of 10 adults anJ asked them about
the time they spend per week on leisure activities. Their responses (in hours) are as follows.

14 25 22 38 L6 26 19 23 41 33

Assume that the times spent on leisure activities by all adults are normally distributed. Using the 5%
significance level, can you conclude that the claim of the earlier study is true? (Hint: First calculate
the sample mean and the sample standard deviation for these data using the formulas learned in Sec-
tions 3.1.1 and 3.2.2 of Chapter 3. Then make the test of hypothesis about p.)

2.78  The past records of a supermarket show that its customers spend an average of $65 per visit at
this store. Recently the management of the store initiated a promotional campaign according to which
each custormer receives points based on the total money spent at the store and these points can be nsed
te buy products at the store. The management expects that as a result of this campaign, the customers
should be encouraged to spend more money at the store. To check whether this is true, the manager of
the store took a sample of 12 customers who visited the store. The following data give the money (in
dollars) spent by these custormers at this supermarket during their visits,

88 69 141 28 106 45 32 51 78 54 110 83

Assume that the money spent by all customers ar this supermarket has a normal distribution. Using the
1% significance level, can you conclude that the mean amount of money spent by all customers at this
supermarket after the campaign was started is more than $657 {Hint: First calculate the sample mean
and the sample standard deviation for these data using the formulas learned in Sections 3.1.1 and 3.2.2
of Chapter 3. Then make the test of hypothesis about u.)

*9.7%  The manager of a service station claims that the mean amount spent on gas by its customers is
$10.90. You want to test if the mean amount spent on gas at this station is different from $10.90. Briefly
explain how you would conduct this test by taking a small sample.

T8 A tool manufacturing company claims that its top-of-the-line machine that is used to manufac-
ture bolts produces an average of 88 or more balts per hour. A company that is interested in buying
this machine wants to check this claim. Suppose you are asked to conduct this test. Briefly explain how
you would do so by taking a small sample,

AYRPOTHESIS TESTS ABOU
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Often we want to conduct a test of hypothesis about a population proportion, For example,
33% of the students listed in Whos Who Among American High School Students said that
drugs and alcohol are the most serious problems facing their high schools. A sociologist may
want to check if this percentage still holds. As another example, a mail-order company claims

g e PR s i o




9.5 HYPCTHESIS TESTS ABOUT A POPULATION PROPORTION: LARGE SAMPLES 4@@

P !m.";;—:-

GIHpie,

that 90% of all orders it receives are shipped within 72 hours. The company’s management
may want to determine from time to time whether or not this claim is true.

This section presents the procedure to perform tests of hypotheses about the population
proportion, p, for large samples. The procedure to make such tests is similar in many respects
to the one for the population mean, . The procedure includes the same five steps. Again,
the test can be two-tailed or one-tailed. We know from Chapter 7 that when the sample size
is large, the sample proportion, , is approximately normally distributed with its mean equal
to p and standard deviation equal to Vpg/n. Hence, we use the normal distribution to per-
form a test of hypothesis about the population proportion, p, for a large sample. As was men-
tioned in Chapters 7 and 8, in the case of a proportion, the sample size is considered to be
large when np and nq are both greater than 5.

TEST STATISTIC The value of the test statistic z for the sample proportion, 3, is com-

puted as ;
_b-p _ |
z= where g5 = [ —
O'ﬁ I

The value of p used in this formula is the one used in the null hypothesis. The value
of gisequal to 1 — p.

The value of z calculated for 5 using the above formula is also called the observed
value of z.

Examples 9-9, 9-10, and 9-11 describe the procedure to make tests of hypotheses about
the population proportion, p.

SAAMPLE -2 According to Hewitt Associates, 36% of the companies surveyed in 1999
paid holiday bonuses to their employees (The Wall Street Journal, December 22, 1999). As-
sume that this result holds true for all U.S. companies in 1999. A recent random sample of
400 companies showed that 33% of them pay holiday bonuses to their employees. Using the
1% significance level, can you conclude that the current percentage of companies that pay
holiday bonuses to their employees is different from that for 19997

Sofuiiorn Let p be the proportion of all U.S. companies that currently pay holiday bonuses
to their employees, and let £ be the corresponding sample proportion. Then, from the given
information,

=400, p=.33, and «= .0l
In 1999, 36% of the companies paid holiday bonuses to their employees. Hence,
p=236 and g=1—-p=1—.36=64
Step 1. State the null and alternative hypotheses.

The percentage of all US. companies that currently pay holiday bonuses to their em-
ployees is not different from that for 1999 if p = .36, and the current percentage is different
from 1999 if p # 36. The null and alternative hypotheses are as follows:

Hy p =36 (The current percentage is not different from 1999)

Hy:p# .36 (The current percentage is different from 1999)
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Conducting a right-tailed
test of livpothesis about
P large sample,
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Step 2. Select the distribution to use.
The values of np and ng are
np =400(.36) = 144 and ng = 400{.64) = 236

Because both #p and nq are greater than 3, the sample size is large. Consequently, we use
the normal distribution to make the hypothesis test about p.

Step 3. Determine the rejection and nonrejection regions.

The # sign in the alternative hypothesis indicates that the test is two-tailed. The signif-
icance level is .0l. Therefore, the total area of the two rejection regions is .01 and the re-
jection region in each tail of the sampling distribution of p is &/2 = .01/2 = .005. The critical
values of z, obtained from the standard normal distributicn table, are —2.58 and 2.58, as
shown in Figure 9.15.

-~ ook for this area in
the normal distribution
table to find the critical
values of z

a/2 =.008 o/2 =.005

Reject Hy Do not reject Hy Reject Hy

| ] {
~-2.58 0 2.58 z

L Two critical values of z —[r Figure 9.15

Step 4. Calculate the value of the test statistic.

The value of the test statistic z for # = .33 is calculated as follows:

- P 30064
BTN T a0 0

-—=-From Hy
p— 33— 36
PR A - —1.25
o5 024
Step 5. Make a decision.
The value of the test statistic z = —1.25 for p lies in the nonrejection region. Conse-

quently, we fail to reject /. Therefore, we can state that the sample proportion is not oo far
from the hypothesized value of the population proportion and the difference between the two
can be attributed to chance. We conclude that the percentage of U.S. companies that currently
pay holiday bonuses to their employees ts not different from that for 1999. "

EXAMPLE 9-10 When working properly, a machine that is used to make chips for cal-
culators does not produce more than 4% defective chips. Whenever the machine produ.ﬂﬁS
more than 4% defective chips, it needs an adjustment. To check if the machine is working
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properly, the quality conirol department at the company often takes samples of chips and in-
spects them to determine if they are good or defective. One such random sample of 200 chips
taken recently from the production line contained 14 defective chips. Test at the 5% signif-
icance level whether or not the machine needs an adjustment.

safsiting - Let p be the proportion of defective chips in all chips produced by this machine,
and let p be the corresponding sample proportion. Then, from the given information,

n=1200, p=14200= .07, and o= .05

When the machine is working properly it does not produce more than 4% defective chips.
Consequently, assuming that the machine s working properly,

p=04 and g=1-p=1-04= 96
Step 1. Siate the null and alternative hypotheses.

The machine will not need an adjustment if the percentage of defective chips is 4% or
less, and it will need an adjustment if this percentage is greater than 4%, Hence, the null and
alternative hypotheses are

My p =< .04 (The machine does not need an adjustment)
Hy:p> .04 {The machine needs an adjustment)
Step 2. Select the distribution fo use.
The values of np and ng are
np = 200004)=8>35 and ng =200{56)= 192 >3

Because the sampie size is large, we use the normal distribution to make the hypothesis test
about p.

Step 3. Determine the refection and nowrejection regions.

The significance level is .035. The > sign in the alternative hypothesis indicates that the
test is right-tailed and the rejection region lies in the right tail of the sampiing distribution
of prwith its area equal to .05. As shown in Figure 9.16, the critical value of z, obtained from
the normal distribution table for 4500, is approximately .65

g ),,——E--.,_ ]
4 } -
!
~ ' o o=.058
e ‘ 4500 ‘ J; e
p=.04 B
Da not reject Hy Reject Hy
| 4
0 =165 z

Critical value of z —? a ‘q”{@ e
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Step 4. Calculate the value of the test statistic.
The value of the test statistic z for p = .07 is calculated as follows:

pq  [(04).96
o= 2 = y %ﬁ = 01385641

From Hy
b-p 07 - .04

Pt e T oiasseal V7

Step 5. Make a decision.

Because the value of the test statistic z = 2.17 is greater than the critical value of
z = 1.65 and it falls in the rejection region, we reject Hy. We conclude that the sample pro-
portion is too far from the hypothesized value of the population proportion and the differ-
ence between the two cannot be attributed to chance alone. Therefore, based on the sample
mformation, we conclude that the machine needs an adjustment. |

SXAMPLE 9-11  Direct Mailing Company sells computers and computer parts by mail.
The company claims that at least 90% of all orders are mailed within 72 hours after they
are received. The quality control department at the company often takes samples to check
if this claim is valid. A recently taken sample of 150 orders showed that 129 of them were
mailed within 72 hours, Do you think the company’s claim is true? Use a 2.5% significance
level.

Solution  Let p be the proportion of all orders that are mailed by the company within 72
hours and p the corresponding sample proportion. Then, from the given information,

n=150, p=129/150= 86, and o= .025

The company claims that at least 90% of all orders are mailed within 72 hours. Assuming
that this claim is true, the values of p and g are

pP=90 and g=1l—-p=1-90= 10
Step 1. State the null and alternative hypotheses.
The nuil and alternative hypotheses are
Hy:p= .90 (The comparny’s claim is true)
Hy:p << 90 (The company’s claim is false)
Step 2. Select the distribution to use.
We first check whether both np and ng are greater than 5.
np =150(90)=135>5 and ng = 150(.10) = 15 > 5

Consequently, the sample size is large. Therefore, we use the normal distribution to make the
hypothesis test about p.

Step 3. Determine the rejection and nonrejection regions.

The significance level is .025. The < sign in the alternative hypothesis indicates that th‘f
test is left-tailed and the rejection region lies in the left tail of the sampling distribution of 7
with its area equal to .025. As shown in Figure 9.17, the critical value of z, obtained from
the normal distribution table for .4750, is —1.96.
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// S
o=.025 e ‘\-\
Jr 4750 \\\"_
p= 50 2
Reject Hy Do not reject Hy
[ |
-1.96 o} z

L

Step 4. Calculate the value of the test statistic.

Critical vafue of z

The value of the test statistic z for 5 = .86 is calculated as follows:

[ (90).10
;= inq; = Li")Si)—) = .02449490
From Hg
_b-p _ 86-90
7T Tay T Toaageso ~ 7183
Step 5. Make a decision.
The value of the test statistic z = —1.63 is greater than the critical value of z = — 1.96,

and it falls in the nonrejection region. Therefore, we fail to reject Hy. We can state that the
difference between the sample proportion and the hypothesized value of the population pro-
portion is small and this difference may have occurred owing to chance alone. Therefore, the
proportion of all orders that are mailed within 72 hours is at least 90%, and the company’s
claim is true. B

We can also use the p-value approach to make tests of hypotheses about the population
proportion p. The procedure to calculate the p-value for the sample proportion is similar to
the one applied to the sampie mean in Section 9.3.

OLDER WORKERS MOST CONTENT |

The chart on page 414 shows the percentage of employees in different age groups who are
satisfied with their current employer. As we can observe from the chart, only 58% of the em-
ployees under age 35 are satisfied with their current employer. The corresponding percent-
age is 70% for the employees in the age group 35-54, and it jumps to 93% for employees
55 and older. Note that these percentages are based on a sample survey. Suppose that the
survey included 1000 employees under 35 years of age. Suppose the overall percentage of
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A ook at statistics that shape your finances

Older workers
most content

Overail, 68% of
amployees say they
are satisfied with
their current
emgloyer, Satisfied
employees by age:

Source; CDB Research & Consulting

By Gindy Hall and Web Bryant, USA TODAY

68% 1s true for the population of all employees. We can conduct a test of hypothesis to find
out whether the percentage of employees under 35 years of age who are satisfied with their
current employer is less than 68%. Suppose we make this test using a 1% significance level.
Below we perform this test of hypothesis.

Hyp= 68
Hy: p << .68

Here, n = 1000, p = .58, and a = .01. The test is left-tailed. Using the normal distribution
to perform the test, the critical value of z is —2.33. Thus, we will reject the null hypothesis
if the observed value of z is —2.33 or smaller. We find the observed value of z as follows,

/ 1 {.68)(.32
o5 = ii = 168).32) = .01475127

1060

_p-p 58— 68
ST gy 01475127 6.78

The value of the test siatistic z = —6.78 for p lies in the rejection region. Consequently,
we reject Hy and conclude that the percentage of employees under 35 years of age who are
satisfied with their current employer is less than 68%.

Similarly, we can test hypotheses about the percentages of employees in the other two
age groups who are satisfied with their current emplovers.

Source:  The chart is reproduced with permission from LiSA TODAY. July 8, 1998, Copyright © 1998, LS4 TODAY.
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EXERCISES
SE—

® Concepis and Procedures

9.81  Explain when a sample is large enough to use the normal distribution to make a test of hypoth-
esis abeut the population proportion.

9.82 In each of the following cases, do you think the sample size is large enough to use the normal
distribution to make a test of hypothesis about the population proportion? Fxplain why or why not.

a. #=40 and p=.11 b, n=100 and p=.73
c. n=28§80 and p=.05 d. n =350 and p=.4

9.83 In each of the following cases, do you think the sampie size is large enough to use the normal
distribution to make a test of hypathesis about the population proportion? Explain why or why not.

a. n=30 and p=.65 b. =70 and p=.05
€ n=00 and p=.06 d. » =900 and p=.17

9.84  For each of the following examples of tests of hypotheses about the population proporticn,
show the rejection and nonrejection regions on the graph of the sampling distribution of the sample
proportion.

a. A two-tailed test with & = .10

b. A left-tailed test with & = .01
¢. A right-tailed test with @ = .05

9.85 For each of the following examples of tests of hypotheses abous the population proportion,
show the rejection and nonrejection regions on the graph of the sampling distribution of the sample
proportion.

a. A two-tailed test with o = .05
b. A left-taited test with o = .02
¢. A right-tailed test with @ = 025

9.86 A random sampie of 500 observations produced a sample proportion equal to .38. Find the crit-
ical and observed values of z for each of the following tests of hypotheses using o = .05.

a. Hpp=.30 Versus Hi:p> 30
b, Hyp=.30 versus Hy:p# 30

9.87 A random sample of 200 observations produced a sample proportion equal to .60. Find the crit-
ical and observed values of z for each of the following tests of hypotheses using « = .01,

a. Hy p= .63 Versus Hip<.63

b, Hygp= .63 versus Hy:p+ 63

9.88 Consider the null hypothesis Hy: p = .65. Suppose a random sample of 1000 observations is
taken to make this test about the population proportion. Using a = .05, show the rejection and nonre-
Jection regions and find the critical value(s) of z for a

a, left-tailed test b. two-tailed test c. right-tailed test

9.89  Consider the null hypothesis fy: p = 23, Suppose a random sample of 400 observations is taken
to make this test about the population proportion, Using & = .01, show the rejection and ronrejection
regions and find the critical value(s) of z for a

a.  left-tatled test b. two-tailed test ¢. right-tailed test
9.90 Consider Hy: p = .70 versus Hy; p # .70.

a. A random sample of 600 observations produced a sample proportion equal to .68. Using & = .01,
would you reject the null hypothesis?

b.  Another randomn sample of 600 observations taken from the same population produced a sample
proportion equal to .76. Using « = .01, would you reject the null hypothesis?

Comment on the results of parts a and b.
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591 Consider Hy p = 45 versus Hy: p << 45,

2. A random sample of 400 observations produced a sample proportion equal to .42. Using @ = 025,
would you reject the null hypothesis?

5. Another random sample of 400 observations taken from the same population produced a sample
proportion of 39, Using o = .023, would you reject the null hypothesis?

Comment on the results of parts a and b.

9.2 Make the following hypothesis tests about p.

a. Hyp= 45, Hy:p 7 45, n=100, p=.49, a=.10
b Hyp=.72, Hy:p < .72, n =700, p= .64, o= 05
c. Hy p =30, Hy:p = 30, n = 200, p= 133 a=.01
3,93 Make the following hypothesis tests about p.

a Hyp=.57, Hop+.57, =800, p=.50, a=.05
b, Hy p = .26, H: p < .26, n = 400, p=.23 a = .01
2. Hyp= .34, Hy: p > 84, n =250, p= 85, a=.025

A Applications

9.94 Managers often tolerate poor performance by employees because the termination process is so
complicated. In a survey of federal government managers who had not taken action against unsatis-
factory employees, 66% stated that they failed to act because of the long process required (L84 TODAY,
July 29, 1998), Suppose that 80 such managers are randomly selected and 48 of them failed to act be-
cause of the long process required. Can you conclude that the current percentage of such managers
who fail to act because of the long process involved is less than 66%7 Use o = .025.

995 Many traffic accidents are blamed on motorists who are distracted by cell phone use while dri-
ving. In a survey conducted by Bruskin/Goldring for Exxon, 29% of adults said that they malke phone
calls sometimes or frequently while driving alone {/S4 TODAY, May 20, 1999). Suppose that a recently
taken random sample of 500 adults showed that 165 of them make phone calls somefimes or frequenily
while driving alone. At the 3% level of significance, can you conclude that the current percentage of
adults who make such phone cails exceeds 29%?

9,86  According to a 1998 survey of 1200 adults by the Travel Industry Association of America, 46%
made travel plans through the Internet, but only 9% actually used the Internet to make reservadions
(US4 TODAY, April 26, 1999). A recent random sample of 400 travelers found that 58 of them made
teservations on the Internet. Test at the 1% significance level whether the current percentzge of all tray-
elers who make reservations on the Internet exceeds 9%.

457 According to a tetephone poll of 1049 adult Americans conducted for Time/CNN by Yankelovich
Partners, Inc., 73% would forgive someone who teld lies about them (Zime, April 5, 1999). In a recent
random sampie of 1000 aduit Americans, 700 indicated that they would forgive someone who lied about
them. At the 5% level of significance, can you conclude that the proportion of all American adults who
feel this way is less than 73%7

498 1In a telephone poll of 428 dog owrners conducted by Yanketovich Partners, Inc., for Time/CNN,
87% of the respondents said that they think dogs have good and bad moods as humans do (Time, Feb-
ruary 1, 1999). In a recent random sample of 400 dog owners, 336 held this view.

4. Test at the 2% level of significance whether the current percentage of all dog owners who hold
this view 1s different from 87%.

. What is the Type | error in this case? What is the probanlity of making this error?

9549 A poil of high school students released by the nonprofit Josephson [nstitute for Ethics found
that 47% of high school students admitted stealing from a store in the past year (US4 TOD4Y, Octo-
ber 19, 1998). Assume that this percentage was true for all such students at the time that poll was ¢oT"
ducted. A recent survey of a random sample of 1100 high school students found that 550 of them
admitted stealing from a store in the past year.

4. Test at the 5% significance level whether the percentage of all high school students who would

admit to such thefts has increased since 1998,
». What is the Type 1 error in this case? What is the probability of making this ertor?
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%.108 A food company is planning to market a new type of frozen yogurt, However, before market-
ing this yogurt, the company wants to find what percentage of the people like it. The company’s man-
agement has decided that it will market this yogurt only if at least 35% of the people like it. The
company's research department sefected a random sample of 400 persons and asked them to taste this
yogurt. Of these 400 persons, 112 said they liked it.

a. Testing at the 2.5% significance level. can you conclude that the company should market this
vogurt?
b.  What will your decision be in part a if the probability of making a Type I error is zero? Explain.

2.8t A mail-order company claims that at least 60% of all orders are maiied within 48 hours. From
time to time the quality control department at the company checks if this promise is fulfilled. Recently
the quality control department at this company tock a sample of 400 orders and found that 208 of them
were mailed within 48 hours of the placement of the arders.

a.  Testing at the 1% significance ievel, can you conclude that the company’s claim is true?
b, What will your decision be in part a if the probability of making a Type I error is zero? Explain.

2.162  Brooklyn Corporation manufactures computer diskettes. The machine that is used to make these
diskettes is known to produce not more than 3% defective diskettes, The quality control inspector se-
lects a sample of 200 diskettes each week and inspects them for being good or defective, Using the
sample proportion, the quality control inspector tests the null hypothesis p = .05 against the alterna-
tive hypothesis p > .05, where p is the proportion of diskettes that are defective. She always uses a
2.5% significance level. I the null hypothesis is rejected, the production: process is stopped to make
amy necessary adjustments. A recent such sample of 200 diskettes contained 17 defective diskettes,

& Using the 2.5% significance level, would you conclude that the production process should be
stopped to make necessary adjustments?

b.  Perform the test of part a using a 1% significance level. s your decision different from the one in
part a?

Comment on the results of parts a and b,

9.303  Shulman Steel Corporation makes bearings that are supplied o other companies. One of the
machines makes bearings that are supposed to have a diameter of 4 inches. The bearings that have a
diameter of sither more or less than 4 inches are considered defective and are discarded. When work-
ing properly, the machine does not produce more than 7% of bearings that are defective. The quality
control inspector selects a sampie of 200 bearings each week and inspects them for the size of their
diameters. Using the sample proportion, the quality conrol inspector tests the null hypothesis p < .07
against the alternative hypothesis p > .07, where p is the proportion of bearings that are defective. He
always uses a 2% significance level, If the nufl hypothesis is rejected, the machine is stopped to make
any necessary adjustments. One such sample of 200 bearings taken recently contained 22 defective
bearings.

4. Using the 2% significance level, will you conclude that the machine should be stopped to make
necessary adjustments?

b.  Perform the test of part a using a 1% significance level. Is your decision different from the one in
part a?

Comment on the results of parts 4 and b.

#1ifid  Two years ago, 75% of the customers of a bank said that they were satisfied with the services
provided by the bank. The manager of the bank wants to know if this percentage of satisfied customers
has changed since then. She assigns this responsibility to vou. Briefly explain how yvou would conduct
such a test.

R85 A study claims that 65% of students at all colleges and universities hold off-campus {part-time
or full-time) jobs. You want to check if the percentage of students at your school who hold off-campus
jobs is different from 65%. Briefly explain how vou would conduct such a test. Collect data from 40
students at your school on whether or not they hold off-campus jobs. Then, calculate the proportion of
students in this sample who hold off-campus jobs. Using this information, test the hypothesis. Select
your awn significance level.
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GLOSSARY

a The significance level of a test of hypothesis that denotes the probability of rejecting a null hy-
pothesis when it actuaily is true. (The probability of committing a Type I error.}

Alternative hypethesis A claim about a population parameter that will be true if the null hypothe-
sis 1s false.

B The probabitity of not rejecting a null hypothesis when it actually is false. {The probability of com.
mitting a Type II error.)

Criticat value or critical point  One or two values that divide the whole region under the sampling
distribution of a sample swatistic into rejection and nonrejection regions.

Left-tailed test A test in which the tejection region lies in the left tail of the distibution curve.

Null hypothesis A claim about a population parameter that is assumed to be true until proven oth-
erwise,

Observed value of 7 or t  The value of z or  calculated for a sample statistic such as the sample mean
or the sample proportion.

One-tailed test A test in which there is only one rejection region, either in the left tail or in the right
tail of the distribution curve,

p-value The smallest significance level at which a null hypothesis can be rejected.
Right-tailed test A test in which the rejection region lies in the right tail of the distribution curve.
Significance level The value of « that gives the probability of commirting a Type I error.

Test statistic The value of z or ¢ calculated for a sample statistic such as the sample mean or the sam-
ple proportion.

Two-tailed test A test in which there are two rejection regions, one in each tail of the distribution
curve.

Type L error  An error that occurs when a true null hypothesis is rejected.

Type I error  An error that occurs when a false null hypothesis is not rejected.

KEY FORMULAS

i. Value of the test statistic ; for ¥ in a test of hypothesis about g for a large sample

X — . T
= K if o is known, where o = ——
G vV
X— o 5
or z = L2 s nat known, where §, = - 7
55 n

3. Value of the test statistic ¢ for X in a test of hypothesis about y for a small sample

X - 8
r=-——-‘b—b where &= —~

5% i Vn

3. Value of the test statistic z for p in a test of hypothesis about g for a large sample

where o = p’Tq

e

p-n
)
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#.:2%  Consider the following null and alternative hypotheses:

oy =126 versus Hy:op> 120

A random sampie of 81 observations taken fron: this population produced a sample mean of 123.5 and
a sample standard deviation of 15.

If this test is made at the 2.5% significance level. would you reject the null hypothesis?

What is the probability of making a Type | erzor in part a?

2. Calculate the p-value for the test. Based on this p-value, would you reject the nul] hypothesis if
a= 017 What il & = 037

#.-7  Consider the following null and alternative hypotheses:

.
.

Hy po =40 versus  Hy: o # 40

A random surnple of 64 observations taken from this population produced a sample mean of 38.4 and
a sample standard deviation of 6,

i@ If thiy (cst is made at the 2% significance level, would you reject the null hypothesis?
*  What is the probability of making a Type I error in part a7

Calculate the p-value for the test. Based on this p-value, would you reject the null hypothesis if
a =017 What if o« = 057

#.H - Consider the following null and ulternative hypotheses:
Hy:p= 82 versus Hy:p+# 82

A random sample of 600 observations taken from this population praduced a sample proportion of .86,
2. If this test is made at the 2% significance level, would you reject the null hypothesis?
2. What is the probability of making a Type I error in part a?

Calculate the p-value for the test. Based on this p-vaiue, would you reject the null hypothesis if
a = 0257 What if & = 0057

%.16%  Consider the following null and alternative hypotheses:

Hyp= 44 versus Hpp < 44

A tandom sample of 450 observations taken from this population produced a sample proportion of .39,

. If this test is made at the 2% significance level, would you reject the null hypothesis?
? What is the probability of making a Type 1 error in part a?

Calculate the p-value for the test. Based on this p-value, would you reject the null hypothesis if
a = 017 What if @ = .0257
2% A manufacturer of fluotescent lightbulbs ciaims that the mean life of these bulbs is at least
2500 hours. A consumer agency wanted to check whether or not this claim is true. The agency took a
random sample of 36 such bulbs and tested them. The mean life for the sample was found to be 2457

hours with a standard deviation of 180 hours.

4. Do you think the sample information supports the company’s claim? Use a = 025,
b What is the Type | error in this case? Explain. What is the probability of making this error?
Will your conclusion of part a change if the probability of making a Type [ error is zero?

7017 According to data from the U.S. Burean of Justice Statistics, the average length of prison sen-
tences for violent crimes in the United States was 90.7 months in 1997 (Statistical Abstract of the United
States, 1998), A recent sample of 53 such sentences yielded a mean of 101 months with a standard de-
viation of 30 months,
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#. Does the sample information support the alternative hypothesis that the current mean sentence for
such crimes exceeds 90.7 months? Use a = .02.

2. What is the Type [ error in this case? Explain. What is the probability of making this error?

2. Would your conclusion for part a change if the probability of making a Type [ error were zero?

5112 According to an estimate, the average hourly wage for summer employment for high schoo]
and college students was $6.69 in 1999 {US4 TODAY, June 25, 1999), Suppose that a random sample
of 350 such students yielded a mean hourly wage for the past summer employment of $6.90 with 3
standard deviation of $1.88.

a. Using @ = .05, can you conclude that the mean hourly wage for the past summer empleyment for
all such students is higher than $6.697
9. Using a = .01, can you conclude that the mean hourly wage for the past summer employment for
all such students is higher than $6.69?

Comment on the results of parts a and b.

2115 Accerding to Family PC Magazine, the average computer usage by readers of this magazine is
16 to 18 hours per week (USA TODAY, April 14, 1999). Suppose a recent random sample of 80 such
readers showed an average weekly computer usage of 20 hours with a standard deviation of 9 hours,

a. Using e = .05, does the sample information support the aiternative hypothesis that current mean
weekly computer usage by such readers exceeds 18 hours?
b. Using o = .01, does the sample information support the alternative hypothesis that current mean
weekly computer usage by such readers exceeds 18 hours?

Comment on the results of parts a and b.

3.11d  Customers often complain about long waiting times at restaurants before the food is served, A
restaurant claims that it serves food to its customers, on average, within 15 minutes after the order is
placed. A local newspaper journalist wanted to check if the restaurant’s claim is rue. A sample of 36
customers showed that the mean time taken to serve food to them was 15.75 minutes with a standard
deviation of 2.4 minutes. Using the sample mean, the journalist says that the restaurant’s claim is false,
Do you think the journalist’s conclusion is fair to the restaurant? Use the 1% significance level to an-
swer this question.

3115 The customers at a bank complained about long lines and the time they had to spend waiting
for service. It is known that the customers at this bank had to wait 8 minutes, on average, before being
served. The management made some changes to reduce the waiting time for its customers. A sample
of 32 customers taken after these changes were made produced a mean waiting time of 7.5 minutes
with a standard deviation of 2.1 minutes, Using this sample mean, the bank manager displayed a huge
banner inside the bank mentioning that the mean waiting time for customers has been reduced by new
changes. Do you think the bank manager’s claim is justifiable? Use the 2.5% significance level to an-
swer this question,

2.:16  According to data from the College Board, the average cost per student for hooks and supplies
in the 19971998 academic year was $634 at public four-year colleges in the United States { The Chron-
icle of Higher Educqiion, August 1998). A recent random sample of 250 students at such colleges
yietded a mean cost for books and supplies of $660 with a standard deviation of $170. Find the p-valu
for the test with the alternative hypothesis that the current mean for these costs differs from $634.

#.1¥7  The mean consumption of water per household in a city was 1245 cubic feet per month, Dué
to a water shortage because of a drought, the city council campaigned for water use conservation by
households. A few months after the campaign was started, the mean consumption of water for a 31"
ple of 100 househelds was found to be 1175 cubic feet per month with a standard deviation of 250 cubi¢
feet. Find the p-value for the hypothesis test that the mean consumption of water per household has
decreased due to the campaign by the city council.

2118 Data furnished by American Express Everyday Spending index indicated a mean annual house-
held expenditire of $1044 on gasoline (USA TODAY, June 3, 1999). A random sample of 28 U.8. hous®”
helds produced a mean annual household expenditure of $921 on gasoline with a standard deviation
of $343 for last year. Using the 1% significance level, test whether the mean gasoline expenditure for
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all USS. households was less than $1044 last year. Assume that the gasoline expenditures for all U.S.
households have a normal distribution.

9.119  The administrative office of a hospital claims that the mean waiting time for patients to get
treatment in its emergency ward {s 25 minutes. A random sample of 16 patients who received treat-
ment in the emergency ward of this hospital produced a mean waiting time of 27.5 minutes with a stan-
dard deviation of 4.8 minutes. Using the 1% significance level, test whether the mean waiting time at
the emergency ward is different from 25 minutes. Assume that the waiting times for all patients at this
emergency ward have a normal distribution,

9.920  According to data from Runzheimer International, the average cost of suburban day care {for
a 3-year-old in a for-profit center for five days a week) in the Minneapolis area was $572 per month
(US4 TODAY, August 18, 1998). A recent random sample of 25 parents in the Minneapolis area with
3-year-old children found a mean day-care cost of $634 per month with a standard deviation of $136.
Assume that the monthly costs for all such day care are normally distributed.

a. Using o = .025, can you conclude that the mean of all such costs currently exceeds $5727
b.  Suppose the probability of making a Type I error is zero. Can you make a decision for the test of
part a without going through the five steps of hypothesis testing? If so, what is your decision? Explain.

9121 An earlier study claims that U.S. adults spend an average of 114 minutes with their families
per day. A recently taken sample of 25 adults showed that they spend an average of 109 minutes per
day with their families. The sample standard deviation is 11 minutes. Assume that the times spent by
adults with their families have an approximately normal distribution.

2. Using the 1% significance level, test whether the mean time spent currently by all adults with their
families is less than 114 minutes a day.

b.  Suppose the probability of making a Type I error is zero. Can you make a decision for the test of
part a without going through the five steps of hypothesis testing? If yes, what is your decision? Ex-
plain.

9.122 A computer company that recently introduced a new software product claims that the mean
time it takes to learn how to use this software is not more than 2 hours for people who are somewhat
familiar with computers. A random sample of 12 such persons was selected. The following data give
the times taken (in hours) by these persons to learn how to use this software,

1.75 225 2.40 1.90 1.50 275
2.15 225 1.80 2.20 3.25 2.60

Test at the 1% significance level whether the company’s claim is true. Assume that the times taken by
alt persons who are somewhat familiar with computers to learn how to use this software are approxi-
mately normally distributed.

9.123 A company claims that its 8-ounce low-fat yogurt cups contain, on average, at most 150 calo-
ries per cup. A consumer agency wanted to check whether or not this claim is true. A random sample
of 10 such cups produced the following data on calories,

147 159 153 146 144 161 163 153 143 158

Test at the 2.5% significance level whether the company’s ¢laim is true. Assume that the number of
calories for such cups of yogurt produced by this company has an approximately normal distribution.

9.124  According to a survey conducted for Time magazine, 62% of the respondents said that the gov-
erament should regulate gene therapy to cure or prevent disease {Time, January 11, 1999), In a recent
random sample of 200 people, 58% held this view.

2. Test at the 2.5% significance level whether the percentage of all people who favor such govern-
ment regulatton is currently less than 62%.

b How do you explain the Type I error in this case? What is the probability of making this error in
part a?
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2123 According to a USA TODAY/Gallup telephone poll, 49% of adults expected that a worldwide
callapse of the economy will occur by 2025 (US4 TODAY, October 13, 1998). Assume that this result
was true for the population of all adult Americans at the time of the poll. In a recent random sample
of 800 adult Americans, 43% expected such a collapse by 2023.

Test at the 1% level of significance whether the current percentage of adult Americans whe expect
such a collapse has changed since the earlier poll.
. How do you explain the Type T error in this Ldbc" What is the probability of making this error in
part a?

%.:26 More and more people are abandoning national brand products and buying store brand prod-
ucts to save money. The president of a company that produces national brand coffee claims that 40%
of the people prefer to buy national brand cottee. A random sample of 700 people who buy coffee
showed that 259 of them buy national brand coffee. Using & = .01, can you coaclude that the per-
centage of people who buy national brand ceffee s different from 40%7?

%327  According to DATAQUEST, Inc., 26% of adults in the United States had wireless phones in
1999 ( Business Week, May 3, 1999). A recent random sample of 200 adult Americans showed that 72
of them have wireless phones. At the 2% leve! of significance, can you conclude that the current per-
centage of U.S. adults who have wireless phones exceeds 26%7

%148 Mong Corporation makes auto batteries. The company claims that 80% of its LL70 batteries
are good for 70 months or longer. A consumer agency wanted to check if this claim is true. The agency
took a random sample of 40 such batteries and found that 75% of them were good for 70 months or
longer.

Using the 1% significance level, can you conclude that the company’s claim is false?
5. What will your decision be in part a if the probability of making a Type I error is zero? Explain.

2.12%  Dartmouth Distribution Warchouse makes deliveries of a large number of products to its cus-
tomers. To keep its customers happy and satisfied, the company’s policy is to deliver on time at least
90% of all the orders it teceives from its customers. The quality control inspector at the company quite
often takes samples of orders delivered and checks if this pelicy is maintained. A recent such sample
of 80 orders taken by this inspector showed that 75 of them were delivered on time.

4. Using the 2% significance level, can you conclude that the company’s policy is maintained?
What will your decision be in part a if the probability of making a Type I error is zero? Explain.

# advanesd Euerrises

2124 Refer to Exercise 9.125. Find the p-value for the test of hypothesis mentioned in that exercise.

Usmg this p-value, would you reject the null hypothesis at « = .05? What if @ = 017

=t

Refer to Exercise 9.129. Find the p-value for the test of hypothesis mentioned in that exercise.
UsmIJ this p-value, would you reject the null hypothesis at o = .05? What if o« = 017

%137 Professor Hansen believes that some people have the ability to predict in advance the outcome
of 4 spin of a roulette wheel. He takes 100 student volunteers to a casino. The roulette wheel has 38
numbers, cach of which is equally likely to occur. Of these 38 numbers, 18 are red, 18 are black, and
2 are green. Each student is to place a series of five bets, choosing either a red or a black numbar be-
fore each spin of the wheel. Thus, a student who bets on red has an 18/38 chance of winning that bet.
The same is true of betting on black.

2. Assuming random guessing, what is the probability that a particular student will win ail five of
his or her bets?
. Suppose for each student we formulate the hypothesis test

Hy: The student is guessing

H,: The student has some predictive ability
Suppose we reject Hy only if the student wins all five bets. What is the significance level?
&, Suppose that two of the 100 students win all five of their bets. Professor Hansen says, “For these
two students we can reject Hy and conclude that we have found (wo students with some ability to pre”
dict.” What do you meke of Professor Hansen's conclusion?
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9.133  Acme Bicycle Company makes deraiileurs for mountain bikes. Usually no more thar 4% of
these parts are defective, but occasionally the machines that make them get out of adjustment and the
rate of defectives exceeds 4%. To guard against this, the chicf quality control inspector takes a random
sample of 130 derailleurs each week and checks each one for defects, If oo many of these parts are
defective, the machines are shut down and adjusted. To decide how many parts must be defective in
order to shut down the machines, the company’s statistician has set up the hypothesis test

Hop = 04 versus H;: p=> .04

where p is the proportion of defectives among all derailleurs being made currenily. Rejection of H,
would call for shutting down the machines. For the inspector’s convenience, the statistician would like
the rejection region to have the form, “Reject Hy if the number of defective parts is C or more.” Find
the value of C that will make the significance level {approximately) .05.

9.134  Alpha Airlines claims that only 15% of its flights arrive more than 10 minutes late. Let p be the
proportion of ail of Alpha’s flights that arrive more than 10 minutes late. Consider the ypothesis test

Hyp=.15 versus Hpyp> .15

Suppose we take a random sample of 50 flights by Alpha Airlines and agree to reject H, if 9 or more
of them arrive late. Find the significance level for this test.

9.135 The standard therapy that is used to treat a disorder cures 60% of all patients in an average of
140 visits. A heaith care provider considers supporting a new therapy regime for the disorder if it is
effective in reducing the number of visits while retaining the cure rate of the standard therapy. A study
of 200 patients with the disorder who were treated by the new therapy regime reveals that 108 of them
were cured in an average of 132 visits with a standard deviation of 38 visits. What decision shauld be
made using a .01 level of significance?

9.136 The print on the packages of 100-watt General Electric soft-white lightbulbs states that these
lightbulbs have an average life of 750 hours. Assume that the standard deviation of the lengths of lives
of these lightbuibs is 50 hours. A skeptical consumer does not think these lightbulbs last as long as the
manufacturer claims and she decides to test 64 randomly selected lightbulbs. She has set up the deci-
sion rule that if the average 1ife of these 64 lightbulbs is less than 735 hours, then she will conclude that
GE has printed too high an average length of life on the packages and will write them a letter to that
etfect. Approximately what significance level is the consumer using? Approximately what significance
level is she using if she decides that GE has printed too high an average length of life on the packages
if the average life of the 64 lightbulbs is less than 700 hours? Interpret the values you get.

9.137 Thirty percent of all people who are inoculated with the current vaccine that is used to prevent
a discase contract the disease within a vear. The developer of a new vaccine that is intended to prevent
this disease wishes to test for significant evidence that the new vaccine is more effective,

a. Determine the appropriate null and alternative hypotheses.

b. The developer decides to study 100 randomly selected people by inocutating them with the new
vaccine. If 84 or more of them do not contract the disease within a year, the developer will conclude
that the new vaccine is superior to the old one. What significance level is the developer using for the
test?

€. Suppose 20 people incculated with the new vaccine are studied and the new vaceine is conchided
to be better than the old one if fewer than 3 people contract the disease within 2 year. What is the sig-
nificance level of the test?

9.138  The Parks and Recreation Department has determined that the thickness of the ice on a town
pond must average 5 inches to be safe for ice skating. Consider the decision of whether or not to allow
ice skating as a hypothesis-testing problem.

a.  What is the meaning of the unknown parameter that is being tested?
b.  Set up the appropriate null and alternative hypotheses for this situation.
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What would it mean to commit a Type I error for your test in part b? What about a Type II error?
i, Would you want the significance level for your test in part b to be large or small? Suggest a sig-
nificance level and expiain what it means in: this problem.

3,22%  Since 1984, all automobiles have been manufactured with a middle taillight. You have been
hired to answer the question, Is the middle taitlight effective in reducing the number of rear-end colli-
sions? You have available to you any information you could possibly want about all rear-end collisions
involving cars built before 1984. How would you conduct an experiment to answer the question? In
your answer, include things like: (a) the precise meaning of the unknown parameter you are testing;
(b) Hy and Hy; () a detailed explanation of what sample data you would collect to draw a conclusion;
and (d) any assumptions you would make, particularly about the characteristics of cars built before
1984 versus those built since 1984.

3,943 Before a championship football game, the referee is given a special coramemorative coin to
toss to decide which team will kick the ball first. Two minutes before game time, he recetves an anony-
mous tip that the captain of one of the teams may have substituted a biased coin that has a 70% chance
of showing heads each time it is tossed. The referee has time to toss the coin 10 times to test it. He
decides that if it shows 8 or more heads in 10 tosses, he will reject this coin and replace it with an-
other coin. Let p be the probability that this coin shows heads when it is tossed once.

2. Formulate the relevant null and aiternative hypotheses (in terms of p) for the referee’s test.

]

% Using the referee’s decision rule, find « for this test.

SELF-REVIEW TEST

A test of hypothesis is always about
a. a population parameter b. a sample statistic c. a test statistic
Z. A Type [ error is committed when

a. a null hypothesis is not rejected when it is actualiy false
b. a null hypothesis is rejected when it is actually true
c. an alternative hypothesis is rejected when it is actually true

A Type II error is commutted when

a. anull hypothesis is not rejected when it is actually false
b. a null hypothesis is rejected when it is actually true
¢. an alternative hypothesis is rejected when it is actually true

A critical value is the value

a.. calculated from sample data
b. determined from a table {z.g., the normal distribution table or other such tables)
¢, neither a nor b

The computed value of a test statistic is the value

a. calculated for a sample statistic
b. determined from a table (e.g., the normal distribution table or other such tables}
¢. neither anor b

The observed value of a test statistic is the value

a. calculated for a sample statistic
b. determined from a table (e.g., the normal distribution table or other such tabies)
¢, neither anor b
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The significance level, denoted by a, is

a.  the probability of committing a Type 1 error
b. the probability of committing a Type IT error
¢. neitheranorb

4. The value of B gives the

a. probability of committing a Type [ error
b.  probability of committing a Type I error
¢. power of the test

9. The value of 1 ~ 8 gives the

a. probability of committing a Type I error
b. probability of committing a Type II error
¢. power of the test

i0. A two-tailed test is a test with

a. two rejection regions b. two nonrejection regions €. two fest statistics
B1. A one-tailed test

a. has one rejection region b. has one nonrejection region ¢ bothaandb
12, The smallest level of significance at which a null hypothesis is rejected is called

a « b. p-value c. B

3. Which of the following is not required to apply the ¢ distribution to make a fest of hypothesis
about p?

a. n<30 b. Population is normally distributed
€. o is unknown d. 3 is known

4. The sign in the alternative hypothesis in a two-tailed test is always
a < b. > . #F

The sign in the alternative hypothesis in a lefi-tailed test is always
a. < h. > € #

5. The sign in the alternative hypothesis in a right-tailed test is always
a. < b. > e #

7. A bank loan officer claims that the mean monthly mortgage payment made by all homeowners
in a certain city is $1365. A housing magazine wanted to test this claim. A random sample of 100
homeowners taken by this magazine produced the mean monthly mortgage of $1503 with a standard
deviation of $278,

4. Testing at the 1% significance level, would you conclude that the mean monthly mortgage
payment made by all homeowners in this city is different from $1365?

b.  What is the Type I error in part a7 What is the probability of making this error?

¢. What will your decision be in part a if the probability of making a Type [ error is zero?
Explain.

12, An editor of a New York publishing company claims that the mean time it takes to write a text-
book is at least 31 months. A sample of 16 textbook authors found that the mean time taken by them
to write a textbook was 25 months with a standard deviation of 7.2 months,

a. Using the 2.5% significance level, would you conclude that the editor’s claim is true? As-
sume that the time taken to write a textbook is normaily distributed for a1l textbook authors.

b. What is the Type [ error in part a7 What is the probability of making this error?

c.  What will your decision be in part a if the probability of making a Type I error is .0017

In a survey, 66% of the respondents agreed that police should be allowed to collect DNA infor-
mation from suspected criminals (Time, January 11, 1999). In a recently taken random sample of 500
Americans, 305 held this view.
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a. Using a 5% significance level, can you conclude that the current percentage of Americans
who hold this view differs from 66%?
b. What is the Type [ error in part 27 What is the probability of making this error?
¢.  What would your decision be in part a if the probability of making a Type 1 error were zero?
Explain.
26.  According to a survey, the starting salary for an entry-level position in investment banking was
$37,120 in 1998 {Newsweek, February 1, 1999). Assume that $37,12(¢ was the 1998 mean starting salary

for all such positions. A recently taken random sample of 100 such positions found a mean starting
salary of $38,050 with a standard deviation of $4420.

a. Find the p-value for the test with the alternative hypothesis that the mean starting salary for
such positions exceeds $37,120.

b. Using the p-value calculated in part a, would you reject the mull hypothesis at a significance
level of 1%7? What if o = .05?

¥21. Refer to Probiem 19.

a. Find the p-value for the test of hypothesis mentioned in part a of that problem.
b. Using this p-value, will you reject the null hypothesis if « = .057 What if « = .017

MINI-PROJECTS

Mini-Project 9-1
The mean height of players who were on the rosters of Nationai Basketball Association teams at the

beginning of the 1996-1997 season was 79.22 inches. Let u denote the mean height of NBA players
at the beginning of the 1999-2000 season.

a. Take a random sample of 15 players from the NBA data that accompany this text. Test Hy: p =
79.22 inches against H;: g # 79.22 inches using o = .05.

b. Repeat part a for samples of 31 and 45 players, respectively.

¢. Did any of the three tests in parts a and b lead to the conciusion that the mean height of NBA play-
ers in 1995-2000 is different from that in 1996-1997?

Mini-Project 9-2

A thumbtack that is tossed on a desk can land in one of the two ways shown in the illustration.

Tails

Brad and Dan cannot agree on the likelihood of obtaining a head or a tail. Brad argues that obtaining
a tail is more likely than obtaining a head because of the shape of the tack. If the tack had no point at
all, it would resemble a coin that has the same probability of coming up heads ot tails when tossed:
But, the longer the point, the less likely it is that the tack will stand up on its head when tossed. Dan
believes that as the tack lands tails, the point causes the tack to jump around and come to rest it the
heads position. Brad and Dan need you to settle their dispute. Do you think the tack is equally likely
to land heads or tails? To investigate this question, find an ordinary thumbtack and toss it a large num=
ber of times (say, 100 times).

2. What is the meaning, in words, of the unknown parameter in this problem? :

b, Set up the null and alternative hypotheses and compute the p-value based on your results from tos5”
ing the tack. .

¢. How would you answer the original question now? If you decide the tack is not fair, do you side
with Brad or Dan?
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. What would you estimate the value of the paratnieter in part a to be? Find a 90% confidence inter-
val for this parameter.

;. After doing this experiment, do you think 100 tosses are enough to infer the nature of your tack?
Usirg your result as a preliminary estimate, determine how maily tosses would be necessary to be
95% certain of having 4% accuracy; that is, the maximum error of estimate is £4%. Have you ob-
served enough tosses?

For instructions on using MINITARB for this chapter, please see Section B.8 of Appendix B.

: See Appendix C for Excel Adventure 9 on hypothesis testing.

PUTER ASSIGMMEMTS

£A%5 According to an earlier study, the mean amount spent on clothes by American women is $375
per year. A researcher wanted to check if this result still holds true. A random sample of 3% women taken
recently by this researcher produced the following data on the amounts they spent on clothes last vear.

671 584 328 498 827 921 425 204 382 539

1070 854 669 328 537 849 930 1234 695 738
341 189 367 923 721 125 298 473 876 932
573 931 460 1430 391 887 958 674 782

Using MINITAB or any other statistical software, test at the 1% significance level whether the mean
expenditure on clothes for American women for last year is different from $575. Assume that the pop-
ulation standard deviation is $132.

%2 The mean weight of all babies born at a hospital last year was 7.6 pounds. A random sample
of 35 babies born at this hospital this year produced the following data,

8.2 9.1 6.9 5.8 6.4 10.3 12.1 9.1 5.9 7.3
11.2 8.3 6.5 7.1 8.0 9.2 57 9.5 8.3 6.3
49 7.6 10.1 5.2 84 7.5 7.2 8.3 7.2 9.7

6.0 3.1 6.1 8.3 6.7

Using MINITAB or any other statistical software, test at the 2.5% significance level whether the mean
weight of babies born at this hospital this year is more than 7.6 pounds.

il The president of a large university claims that the mean time spent partying by all students at
the university is not more than 7 hours per week. The following data give the times spent partying dur-
ing the previous week by a random sample of [6 students taken from this university.

12 9 3 15 11 i3 10 6
4 1 6 9 13 ] 16 8

Using MINITAB or any other statistical software, test at the 1% significance level whether the presi-
dent’s claim is true. Assume that the times spent partying by all students at this university have an ap-
proximately normal distribution.

s According to a basketball coach, the mean height of all male college basketball players is 74
inches, A random sample of 25 such players produced the following data on their heights.

68 76 74 83 77 76 69 67 I3 74 79 85 69
78 75 78 68 72 83 79 82 76 69 70 81
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Using MINITAB or any other statistical software, test at the 2% significance level whether the mean
height of ail male college basketball players is different from 74 inches. Assume that the heights of all
male coilege basketball players are (approximately) normally distributed.

CA9.5 A past study claims that adults in America spend an average of 18 hours a week on leisure
activities. A researcher wanted to test this claim. She took a sample of 10 adults and asked them about
the time they spend per week on leisure activities. Their responses {in hours) follow.

14 25 22 38 16 26 19 23 41 33

Assume that the times spent on leisure activities by all adults are normally distributed. Using the 5%
significance level, can you conclude that the claim of the earlier study is true? Use MINITAB or any
other statistical software to answer this question.

CA%.6 In a Time magazine poll, 55% of the respondents stated that smokers should pay higher in-
surance rates than nonsmokers (Time, January 11, 1999). Assume that this result was true for the pop-
ulation of all American adults at the time of the poll. A researcher wants to know whether this result
holds true for the current population of Americans. A random sample of 700 American aduits taken re-
cently by this researcher showed that 399 of them hold this view. Using MINITAB or any other statis-
tical software and a 2.5% significance level, can you conclude that the current percentage of American
adults who think that smokers should pay more for insurance than nonsmokers is different from 55%?

CA9.7 A mail-order company claims that at least 60% of all orders it receives are maiied within 48
hours. From time to time the quality control department at the company checks if this promise is kept.
Recently, the quality control department at this company took a sample of 400 orders and found that
224 of them were mailed within 48 hours of the placement of the orders. Using MINITAB or any other
statistical softwate, test at the 1% significance leve! whether or not the company’s claim is true.






