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We then define anf)lher hypothesis, called the alternative hypothesis, which is the opposite
of what is stated in the null hypothesis. The

. alternative hypothesis is denoted by Hy. The
hypothesis testing procedure uses data from a sample to test the two competing statements
indicated by H,, and H,.

This chapter shows how hypothesis tests can be conducted abo
and a population proportion. We begin by providing examples that il
developing null and alternative hypotheses.

ut a population mean
lustrate approaches to

Developing Null and Alternative Hypotheses

It is not always obvious how the null and alternative hypotheses should be formulated.
Care must be taken to structure the hypotheses appropriately so that the hypothesis testing
conclusion provides the information the researcher or decision maker wants. The context
of the situation is very important in determining how the hypotheses should be stated. All
hypothesis testing applications involve collecting a sample and using the sample results to
provide evidence for drawing a conclusion. Good questions to consider when formulating
the null and alternative hypotheses are, What is the purpose of collecting the sample? What
conclusions are we hoping to make?

In the chapter introduction, we stated that the null hypothesis H; is a tentative assump-
tion about a population parameter such as a population mean or a population proportion.
The alternative hypothesis H, is a statement that is the opposite of what is stated in the null
hypothesis. In some situations it is easier to identify the alternative hypothesis first and then
develop the null hypothesis. In other situations it is easier to identify the null hypothesis

first and then develop the alternative hypothesis. We will illustrate these situations in the
following examples.

The Alternative Hypothesis as a Research Hypothesis

Many applications of hypothesis testing involve an attempt to gather evidence in support
of a research hypothesis. In these situations, it is often best to begin with the alternative
hypothesis and make it the conclusion that the researcher hopes to support. Consider a
particular automobile that currently attains a fuel efficiency of 24 miles per gallon in city
driving. A product research group has developed a new fuel injection syst.em designed to
increase the miles-per-gallon rating. The group will run cont.rolled tests with the new f.uel
injection system looking for statistical support for the conclusion that the new fuel injection
system provides more miles per gallon than the current system. . .

Several new fuel injection units will be man}lfactured, installed in test automobiles,
and subjected to research-controlled driving conditions. The safnple mean mxle‘s per gallon
for these automobiles will be computed and used in a hypothesis test to determine whether
it can be concluded that the new system provides more than 24 ml}es per %allon. In terms
of the population mean miles per gallon i, the research hypothesis p > 24 bcc;«;nzes .tlhe
alternative hypothesis. Since the current systcm.pmvndgs an av»ri\g? t)r ll.lf,dn 0' 2 tt)n: e‘s
per gallon, we will make the tentative assumption that the “C‘V‘V‘ sy hlfm ;15‘“‘3 dlnz' 'Lt.tbr
than the current system and choose p =< 24 as the null hypothesis. The null and alternative
hypotheses are:

HO: M =24
H,:p>24

. 1S truc. c
a "L
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The Null Hypothesis as an Assumption to Be Challengeg

Of course, not all hypothesis tests involve research hypotheses. In the following discygsigy
we consider applications of hypothesis testin g where we begin with a beljef OT an assump.
tion that a statement about the value of a population parameter is true. We will then use
a hypothesis test to challenge the assumption and determine whether there is statistical
evidence to conclude that the assumption is incorrect, In these situations, it is helpful
develop the null hypothesis first. The null hypothesis H, expresses the belief or assumption

about the value of the population parameter. The alternative hypothesis H,, is that the beliel
Or assumption is incorrect,
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e - ¢ ‘ D()II.II of view, The b()tlle~ﬁlllng operation has been
designed to fill soft drink bottles wih 67.6 fluid ounces as Stated on the label, The com-
pany d(?es not want o underfil] (he Containers because that could result in an L;nderﬂllin
complaint from customer. $ 01, perhaps, g government agency, H()wc\;er the compan doei
not want to overfill containers either becayge putting more soft drink ;han nece[s)'say into
g:;;:?‘:ﬁl?;ri I\)kéouth be anhunnecessary cost. The company’s goal would be to a;lj:};t the

= ration so that i i i i i

SUNCES 88 Specifisd g o 1abe1t,he Population mean filling weight per botle js 67.6 fluid

Although this is the company’s goal, from time to time any production process can
ge.t out of adjustment. If thig oceurs in our example, underfilling or overfilling of the soft
drink bottles will occur, In either case, the company would like to know about it in order
to correct the situation by readjusting the bottle-filling operation to the designed 67.6 fluid
ounces..In this hypothesis testing application, we would begin with the assumption that the
production process i.s operating correctly and state the null hypothesis as ® = 67.6 fluid
ounces. The alternative hypothesis that challenges this assumption is that u # 67.6, which

indicates either overfilling or underfilling is occurring. The null and alternative hypotheses
for the manufacturer’s hypothesis test are

HO: M= 67.6
Hyw+ 67.6

Suppose that the soft drink manufacturer uses a quality control procedure to periodi-
cally select a sample of bottles from the filling operation and computes the sample mean
fluid ounces per bottle. If the sample results lead to the conclusion to reject H, the infer-
ence is made that Hy: o # 67.6, is true. We conclude that the bottles are not being filled
properly and the production process should be adjusted to restore the population mean to
67.6 fluid ounces per bottle. However, if the sample results indicate H,, cannot be rejected,
the assumption that the manufacturer’s bottle-filling operation is functioning properly can-
not be rejected. In this case, no further action would be taken and the production operation
would continue to run. . .

The two preceding forms of the soft drink manufactunng h}/pothegxs test show that the
null and alternative hypotheses may vary depending upon tbe point of view of the researcher
or decision maker. To formulate hypotheses correctly it is important to ux?derstand the c:on-
text of the situation and structure the hypotheses to provide the information the researcher

or decision maker wants.

Summary of Forms for Null and Alternative Hypotheses
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Type I and Type 11 Errors

The null and alternative p .
¢ ypotheses are cq : i
Either the null hypothesis f7 ompeting statements about the population.

0 18 true or (he alternative hypothesis 4. i true, but not both
Ideally the hypothesis tesg - ypothesis Hy is true, but not both.
¥ YPOUhesis testing procedure should lead 1o the acceptance of Hy when H, is

true and the rejection of ¢ THN
R os‘s‘ihljc B 1 ()“ HIO when I{a 's true. Unfortunately, the correct conclusions are not
atways possible. Because hypothesis lests are based on sample information, we must allow

for the possibility of errors Table 9.1 i [
. . -1 illustrates the two kinds '
A, esting ds of errors that can be made

The first row of Table 9.1 shows what can happen if the conclusion is to accept H,. If

(10 1s true, this conclusion is correct. However, if H, is true, we make a Type Il error; that
Is, We accept H, W.hen it is false. The second row of Table 9.1 shows what can happen i’f the
conclusion is to reject H,, If Hy is true, we make a Type I error; that is, we reject H, when
ng H, is correct.

Hy =24
H:p>24

The alternative hypothesis, Hy: > 24, indicates that the researchers are looking for sample
evidence to support the conclusion that the population mean miles per gallon with the new
fuel injection system is greater than 24.

In this application, the Type I error of rejecting H, when it is true corresponds to the
researchers claiming that the new system improves the miles-per-gallon rating (u > 24)
when in fact the new system is not any better than the current system. In contrast, the
Type II error of accepting H, when it is false corresponds to the researchers concluding
that the new system is not any better than the current system (u = 24) when in fact the new
system improves miles-per-gallon performance.

For the miles-per-gallon rating hypothesis test, the null hypothesis is Hy: u = 24,
Suppose the null hypothesis is true as an equality; that is, u ==.24.' The probability of
making a Type I error when the null hypothesis is true as an equality is called t.he 'level of
significance, Thus, for the miles-per-gallon rating hypothesis test, the leyel of si gmﬁc:‘incfe
is the probability of rejecting Hy: p = 24 when u = 2.4. Because of the importance of this
concept, we now restate the definition of level of significance.

TABIE9.1 ERRORS AND CORRECT CONCLUSIONS IN HYPOTHESIS TESTING

Populiiton Condition

H, True H, True
Correct Type 1l
Accept H, Conclusion Error
Counelision Type Correct
Reject H, Error Conclusion
—__——_-____________—J—--'—’
o
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9.3 Population Mean: & Known

: - : . ; llowing null and
and the sample mean monthly cost of electricity will be used to test the fo g

alternative hypothescs.

Hyp= 104
Hyp> 104

a.  Assume the sample data lead to rejection of the null hypothesis. What would be your
conclusion about the cost of elecu:icity in the Chicago neighborhood? .
b. Whatis the Type I error in this situation? What are the consequences of making this error?
. Whatis the Type Il error in this situation? What are the consequences of making this error?
The label on a 3-quart container of orange juice states that the orange juice contains an average
of 1 gram of fat or less. Answer the following questions for a hypothesis test that could be
used to test the claim on the label.
a. Develop the appropriate null and alternative hypotheses.
b. Whatis the Type I error in this situation? What are the consequences of making this error?
c. Whatis the Type Il error in this situation? What are the consequences of making this error?
Carpetland salespersons average $8000 per week in sales. Steve Contois, the firm’s vice presi-
dent, proposes a compensation plan with new selling incentives. Steve hopes that the results
of a trial selling period will enable him to conclude that the compensation plan increases the
average sales per salesperson.
a. Develop the appropriate null and alternative hypotheses.
b. Whatis the Type I error in this situation? What are the consequences of making this error?
c. Whatis the Type II error in this situation? What are the consequences of making this error?
Suppose a new production method will be implemented if a hypothesis test supports the con-
clusion that the new method reduces the mean operating cost per hour.
a. State the appropriate null and alternative hypotheses if the mean cost for the current
production method is $220 per hour.
b. Whatis the Type I error in this situation? What are the consequences of making this error?
c. Whatis the Type II error in this situation? What are the consequences of making this error?

@ Population Mean: o Known

In Chapter 8, we said that the o known case corresponds to applications in which histori-
cal data and/or other information are available that enable us to obtain a good estimate of
the population standard deviation prior to sampling. In such cases the population standard
deviation can, for all practical purposes, be considered known. In this section we show how

to conduct a hypothesis test about a population mean for the o known case.

The methods presented in this section are exact if the sample is selected from a popula-
tion that is normally distributed. In cases where it is not reasonable to assume the population
is normally distributed, these methods are still applicable if the sample size is large enough.
We provide some practical advice concerning the population distribution and the sample size

at the end of this section.

One-Tailed Test

One-tailed tests about a population mean take one of the following two forms.

Lower Tail Test Upper Tail Test
Hy: v = Mo Hy = o
Hy: < o Hy: > po

Let us consider an example involving a lower tail test.
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Hyp=3
H:p<3

z 1 'S I.LO = 3.
Note that the hypothesized value of the population mean I o '
If the samgli data indicate that H, cannot be rejected, the statistical evidence dogg

not support the conclusion that a label violation has oc'cur_red. Hence, no action §h0uld
be taken against Hilltop. However, if the sample data indicate tl}at H, can be Tejected,
we will conclude that the alternative hypothesis, Hy: p < 3, is true. In this case 3
conclusion of underfilling and a charge of a label violation against Hilltop would be
justified.

Suppose a sample of 36 cans of coffee is selected and the sample mean X is computed
as an estimate of the population mean p. If the value of the sample mean X is less than
3 pounds, the sample results will cast doubt on the null hypothesis. What we want to know is
how much less than 3 pounds must x be before we would be willing to declare the difference
significant and risk making a Type I error by falsely accusing Hilltop of a label violation.
A key factor in addressing this issue is the value the decision maker selects for the level of
significance.

As noted in the preceding section, the level of significance, denoted by a, is the proba-
bility of 'm_aking a TypeI error by rejecting H, when the null hypothesis is true as an equality.
The d_ec1§10n maker must specify the level of s gnificance. If the cost of making a Type |
error is high, a small .value should be chosen for the level of s; gnificance. If the cost is not
Socionti ni I; t g . Ide ¢ following statement: “If the company is meeting its wug%xt

p M= 3, 1do not want to take action against them. But, I am willing t0 risk

a 1% chance of making such an error” F i f
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1 SAMPLING DISTRIBUTION OF % FOR THE HILLTOP COFFEE STUDY

GURE - o
A WHEN THE NULL HYPOTHESIS IS TRUE AS AN EQUALITY (u = 3)

—

Sampling distribution
of ¥

KRiix
i
=
W

=i

population from which we are sampling is normally distributed, the sampling distribution
of ¥ will also be normally distributed. Thus, for the Hilltop Coffee study, the sampling
aref s d.istribution of X .is normally distributed. With a known value of o = .18 and a sample
ionof 5128 of n = 36, Figure 9.1 shows the sampling distribution of X when the null hypothesis
swinion is true as an equality, that is, when u = u, = 3.> Note that the standard error of X is given
by o; = o0/Vn = .18/V36 = .03.
Because the sampling distribution of X is normally distributed, the sampling dis-
tribution of

g X~ Mg X—3
Jx .03
is a standard normal distribution. A value of z = —1 means that the value of X is one stan-
dard error below the hypothesized value of the mean, a value of z = —2 means that the value

of ¥ is two standard errors below the hypothesized value of the mean, and so on. We can
use the standard normal probability table to find the lower tail probability corresponding to
any z value. For instance, the lower tail area at z = —3.00 is .0013. Hence, the probability
of obtaining a value of z that is three or more standard errors below the mean is .0013. As
a result, the probability of obtaining a value of X that is 3 or more st‘anda{d errors below
the hypothesized population mean g = 3 is also .0013. Such a result is unlikely if the null
hypothesis is true. .

For hypothesis tests about a population mean in the & known case, we use the stan-
dard normal random variable z as a test statistic to determine whether ¥ deviates from the

hypothesized value of w enough to justify rejecting the null hypothesis. With oy = a/Vn,

the test statistic is as follows.

TEST STATISTIC FOR HYPOTHESIS TESTS ABOUT A POPULATION MEAN:
o KNOWN
=2 (9.1)
o/Vn
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null hypothesis provided by the samp p-y&

against Hy,.

le. Smaller

i i be rejected.
- ' hether the null hypothesis should
The p-value is used to determine whe he value of the test statistic is

he p-value is computed and used. T .
i i s et }E)od used depends on whether the test 1s a lower

used to compute the p-value. The met : lue is th v
tail, an upper tail, or a two-tailed test. For a lower tail test, the p-value 1s the .probablhty
of obtaining a value for the test statistic as small as or smaller than that provided by the

sample. Thus, to compute the p-value for the lower tail test in the o lfnown case, we must
find, using the standard normal distribution, the probability that z 18 less than or equal
to the value of the test statistic. After computing the p-value, we must then decide whether
it is small enough to reject the null hypothesis; as we will show, this decision involves

comparing the p-value to the level of significance. .
Let us now compute the p-value for the Hilltop Coffee lower tail test. Suppose the

sample of 36 Hilltop coffee cans provides a sample mean of ¥ = 2.92 pounds. Is x = 2.92

2 Because this is a lower tail test, the p-value is the area

small enough to cause us to reject Hy?
under the standard normal curve for values of z = the value of the test statistic. Using

% =292 o =.18,and n = 36, we compute the value of the test statistic z.

Tt 2923
o/NVn  18/V36 '

Thus, the p-value is the probability that z is less than or equal to —2.67 (the lower tail area
corresponding to the value of the test statistic).
Using the standard normal probability table, we find that the lower tail area at
z = —2.67 is .0038. Figure 9.2/sh0ws that X = 2.92 corresponds to z = —2.67 and a
p-Vfllue = ,0038. This p-value indicates a small probability of obtaining a sample mean
of X =2.92 (and a test statistic of —2.67) or smaller when sampling from a population
wn’h1 ]p, = 3. This p-value does. not provide much support for the null hypothesis, but is it
?On;alhee?:sltj.gh to cause us to reject H,? The answer depends upon the level of significance
As noted preyiously, the director of the FTC’s testing program selected a value of .01
for the level of s1gpiﬁcance. The selection of & = .01 means that the director is willing ©
zolerite3a ;r}rl?babnhty of .01 of rejecting the null hypothesis when it is true as an equality
0#603 2 )};j he sample of 36 coffee cans in the Hilltop Coffee study resulted in a p-value =
0038, which means that the probability of obtaining a value of ¥ = 2.92 or less when the
null hypothesis is true as an equality is .0038. Because .0038 i i s s =0
. is less than orequalto@ =

we reject Hy,. Therefore, we find suffici s .
’ cient st . . 15
at the .01 level of significance. atistical evidence to reject the null hypothes

RT——————
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' We can now §tate the general rule for determining whether the null hypothesis can be
rejlected when using the p-value approach. For a level of significance a, the rejection rule
using the p-value approach is as follows,

REJECTION RULE USING p-VALUE

Reject H,) if p-value = «

In the Hilltop Coffee test, the p-vglue of .QO3§ resu1t§d‘ in .the {ejecatlg: n;)fatr?:o:lg:.

hypothesis. Although the basis for making the rejection deélsg'()n ltr:)\;otgzs()bserv epd ison of
.. , o o
the p-value to the level of si gmﬁcz'mce specified by tlhe F}“ ° >1re0038‘ e abserved prvlue
of .0038 means that we would reject H, for any value ol a =.
ignificance. ‘

e e e maseip Ofs(lig?;fiznt opinions concerning the cost of mak-

Different decision makers may express 11 el D rtucs Dy i
B e e esting d;ﬂeremtsg: decision maker can compare the reported
! B L ake a different decision with
e p?n Of t}}l‘? hyphOthzz:; tleevel %)f significance and possibly make a
p-value to his or her

respect to rejecting Ho roach requires that we first deter.m'ine
PP For a lower tail test, the critical
value. e test statistic is small

he value of th
herl':e test statistic that corresponds to an

e lue a
The critical vai
ach lled the critical
determining whet ft
It is the value 0

Critical value approacr
a value for the test statistic €@
value serves as a benchmark f(})lfesis
enough to reject the null hypothest



Chapter 9 Hypothesis Tests LLTOP C OFFEE HYPOTHESIS TEST

FIGURE 9.3 CRITICAL VALUE = —2.33 FOR THE HI

area of « (the level of si gnificance) in the lower tail of the sampling distributi'or{ of the test
lue is the largest value of the test statistic that will

statistic. In other words, the critical va :
result in the rejection of the null hypothesis. Let us return to the Hilltop Coffee example

and see how this approach works. .
In the o known case, the sampling distribution for the test statistic z is a standard normal

distribution. Therefore, the critical value is the value of the test statistic that corresponds
to an area of & = .01 in the lower tail of a standard normal distribution. Using the standard
normal probability table, we find that z = —2.33 provides an area of .01 in the lower tail
(see Figure 9.3). Thus, if the sample results in a value of the test statistic that is less than
or equal to —2.33, the corresponding p-value will be less than or equal to .01; in this case,
we should reject the null hypothesis. Hence, for the Hilltop Coffee study the critical value
rejection rule for a level of significance of .01 is

Reject Hyif z = —2.33

In the Hilltop Coffee example, X = 2.92 and the test statistic is z = —2.67. Because z =
—2.67 < —2.33, we can reject H, and conclude that Hilltop Coffee is underfilling cans.

We can generalize the rejection rule for the critical value approach to handle any level
of significance. The rejection rule for a lower tail test follows.

REJECTION RULE FOR A LOWER TAIL TEST: CRITICAL VALUE APPROACH

Reject Hyif z = —z,,

where 2, is the critical value; that is, the z value that provides an area of & in the
lower tail of the standard normal distribution.

ngmary The p-value approach to hypothesis testing and the critical value aPProaCh
will always lead to the same rejection decision; that is, whenever the lue is less than of
equal to a, the value of the test statistic will be less th,an or equal to gl-va ute 1al value.

advantage of the p-value approach is that the p-value tells us ?zow signi;cf;lzihe results &°

(the observed level of significance). If we us s
: : ' e the critical va nly knoW
that the results are significant at the stated level of significam};:le epproach, we 0%
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critical value z_; in other words

COMPUTATION OF P-VALUES FOR ON E-TAILED TESTS

1. Compute the value of the tes

2. Lower tail test: Using the
ability that z is less than or
lower tail).

3. Upper tail test: Using the standard normal distribution, compute the prob-

ability that z is greater than or equal to the value of the test statistic (area in
the upper tail).

Ustatistic using equation 9.1).
standard normal distribution, compute the prob-
equal to the value of the test statistic (area in the

Two-Tailed Test

In hypothesis testing, the general form for a two-tailed test about a population mean is
as follows:

Hy =
Hy: p # o

i bout a population mean for
t a two-tailed test a opiation mean.
i i how how to conduc i i situation facing
I}I]l thlSkSUbsecuon W,: San illustration, we consider the hypothesis testing g
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: . is i he mean di i
establishes the null hypothesis. The alternative h)’POtheS‘j ‘259;}13:}1; nall andillsttance' 1s
not equal to 295 yards. With a hypothesized value of po = Crnative
hypotheses for the MaxFlight hypothesis test are as follows:

Hy p = 295
H; n# 295

If the sample mean X is significantly less than 29§ yard.s or signiﬁcantly greater thap
295 yards, we will reject H,. In this case, corrective actlor} will be taken to adjust'the manu-
facturing process. On the other hand, if X does not deviate from the .hypot‘hesmed mean
Mo = 295 by a significant amount, H, will not be rejected and no action will be takep to
adjust the manufacturing process. o

The quality control team selected a = .05 as the level of mgmf?canqe for the test. Datg
from previous tests conducted when the process was known to be in adjustment show that
the population standard deviation can be assumed known with a value of o = 12. Thus, with
a sample size of n = 50, the standard error of ¥ is

o 12
o

L= ——=—=17
* Vi V50

Because the sample size is large, the central limit theorem (see Chapter 7) allows us to
conclude that the sampling distribution of X can be approximated by a normal distribution.
Figure 9.4 shows the sampling distribution of ¥ for the MaxFlight hypothesis test with a
hypothesized population mean of o = 295.

Suppose that a sample of 50 golf balls is selected and that the sample mean is
X = 297.6 yards. This sample mean provides support for the conclusion that the popula-
tion mean is larger than 295 yards. Is this value of ¥ enough larger than 295 to cause us
to reject H, at the .05 level of significance? In the previous section we described two

approaches that can be used to answer this question: the p-value approach and the critical
value approach.

p-value approach Recall that the p-value is a probability used to determine whether
the null hypothesis should be rejected. For a two-tailed test, values of the test statistic in
either tail provide evidence against the null hypothesis. For a two-tailed test, the p-value is
the probability of obtaining a value for the test statistic as unlikely as or more unlikely than

that provided by the sample. Let us see how the p-value is computed for the MaxFlight
hypothesis test.

£9.4 SAMPLING DISTRIBUTION OF % FOR THE MAXFLIGHT HYPOTHESIS TEST

——

Sampling distribution
of X

=

Mo =295

!
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VALUE F
pouRE 9> 7 OR THE MAXFLIGHT HypoTHES[S TE -
ST

P(z = —1.53) = 0630
P(z = 1.53) = 0630

' 1.53 d

MZ

1.53

p-value = 2(.0630) = .1260

First we compute the -
p value of the test statistic. For the o known case, the test statistic z

is a standard normal random variabl i
e.U - gy —
test statistic is sing equation (9.1) with x = 297.6, the value of the

_ X7 Mo 297.6 — 295
o/Vn — 12/V50

NO\fV t'o compute the pjvalue we must find the probability of obtaining a value for the test
statistic at least as unlikely as z = 1.53. Clearly values of z = 1.53 are at least as unlikel
But, because this is a two-tailed test, values of z =< —1.53 are also at least as unlikely as th};
value of‘ the test statistic provided by the sample. In Figure 9.5, we see that the two-tailed
p-value in this case is given by P(z = —1.53) + P(z = 1.53). Because the normal curve is
symmetric, we can compute this probability by finding P(z = 1.53) and doubling it. The
table for the standard normal distribution shows that P(z < 1.53) = .9370. Thus, the upper
tail area is P(z = 1.53) = 1.0000 — .9370 = .0630. Doubling this, we find that the p-value
for the MaxFlight two-tailed hypothesis test is p-value = 2(.0630) = .1260.

Next we compare the p-value to the level of significance to se€ whether the null

hypothesis should be rejected. With a level of significance of a = .05, we do not reject H,
because the p-value = .1260 > .05. Because the null hypothesis is not rejected, no action

will be taken to adjust the MaxFlight manufacturing process.
Let us summarize the steps involved in computing p-values for two-

¢ = 1.53

tailed hypothesis tests.

COMPUTATION OF p-VALUES FOR TWO-TAILED TESTS
e value of the test statistic u ;
atistic is 10 the upper tail,
he value of the tes
the lowert '
lue of the test statis

sing equation (9.1). .
compute the probability
t statistic (the upper tail
ail, compute the prob-
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ability that z is less than or €
tail area).

3. Double the proba

qual tot alu
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qual to the va

p2to obtain the p-value.

bility (or (ail arca) from ste

see how the test statistic z can
decision for a two-tailed test.

his gection, let us

avingt .
Before leaV g pothesis tosting

Critical value approach o hy
be compared to a critical value to make
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FIGURE 9.6 CRITICAL VALUES FOR THE MAXFI

Area = .025
Area = .025

1.96

~1.96 0
<—f—'1 I Reject Hy
Reject Hy

Figure 9.6 shows that the critical values for the test will occur in both the lower and upper
tails of the standard normal distribution. With a level of significance of a= .05, the area
in each tail corresponding to the critical values is /2 = .05/2 = .025. Using the standard

normal probability table, we find the critical values for the test statisftic are' _Z_.ozs = —19¢
and z 5,5 = 1.96. Thus, using the critical value approach, the two-tailed rejection rule is

Reject Hyif z <= —1.96 orif z = 1.96

Because the value of the test statistic for the MaxFlight study is z = 1.53, the statistical evi-
dence will not permit us to reject the null hypothesis at the .05 level of significance.

Using Excel

Excel can be used to conduct one-tailed and two-tailed hypothesis tests about a popula-
tion mean for the o known case using the p-value approach. Recall that the method used
to compute a p-value depends upon whether the test is lower tail, upper tail, or two-tailed.
Therefore, in the Excel procedure we describe we will use the sample results to compute
three p-values: p-value (Lower Tail), p-value (Upper Tail), and p-value (Two Tail). The
user can then choose « and draw a conclusion using whichever p-value is appropriate for

Enter/Access Data; Open the DATAfi]
. € named Go/ t. istance data
for the sample of 50 golf balls are entered into cells Aj;z.:z;l 4 abel and e disen

Enter F i
D4 and 1;2 ﬁt;;:lzsé:c(leﬁoszIaS: The sample size and sample mean are computed in cells
° OUNT a?nd AVERAGE functions, respectively. The value work-
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9.7 S
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- Hypothesis Tes 0
yards est about g p
;in RT | & '\'nnwna C:::-ma“"" Mean. ~ ©
4182 %
4289 5 Sample Size =COUNT(A2
. ‘208 i Sample Mean "'\\'l‘-RJ\‘\(Tf\\;“
‘ 5 THHALASY
s if‘; Populacion SIAMIdlrd Deviation 12 : 1 *!;:'!"l b : C
’4‘ : ;;, | Hypethesized Vatue 295 : 3 2::? Typothesiy Iv;t 'n(lmu( [} Ponnhtlzn Meanf
;f;;ﬁ o 82 Standard Ervor “D7SQRT(D 40 289 f nOwn Caye
ﬁ :; ;:i : Test Statiatic z = 'DS).'Dio) z i:g SSam:aie\:lze 5
Sl 4 Pp-value (Lower Tafl) = o 7 ‘3‘7 h ample Megy 2976
:: 04 p-value (Upper T:ﬂ; 2?_%?;2{‘5D‘5T(D“,TRUE) 8 [ %0y ( Population Standard Deviation i
; 5 ‘ L 30a 1t e 2
:; ?:: £-value (Two Tail) :2?(“““(1313,D;4)) 190. 1;(1)3 : ‘, Hypothesized Value 206
5o 301 11 293 2] Standard Eryor 16971
51 23Rk :§ ;gg Teat Statistic z 1831
52 14| 304 p-value (Lower Tatf) 0.9372
Note: Rows 1749 5 290 | pvalue (Upper Tall) 0,062
are hidden. ;g 3(1): ; p-value (Two Talh) 1255
5114292 _,‘
52,
—_—
-value . .
f ' for the 1(.)vslzer tatl test. Finally, the p-value for a two-tailed test i .
wo times the minimum of the tvwo oietailed ol est1s computed in cell D15 as
(Lower Tail) = 0.9372, p-value (Upper Tail ‘i anu6€28- The value worksheet shows that p-value

The development of the worksheet s {0628, and p-value (Two Tail) = 0.1255.
Tem we-canmof relect B o — LS now complete. For the two-tailed MaxFlight prob-
) Ject Hy: = 295 using @ = .05 because the p-value (Two Tail) =
1s greater than «. Thus, the quali ail) = 0.1255
facturin RN ity control manager has no reason to doubt that the manu-

g process 1s producing golf balls with a population mean distance of 295 yards.

A fempiufg for other problems The worksheet in Figure 9.7 can be used as a template
for conducting any one-tailed and two-tailed hypothesis tests for the o known case. Just
enter the appropriate data in column A, adjust the ranges for the formulas in cells D4 and
DS, enter the population standard deviation in cell D7, and enter the hypothesized value
in cell D8. The standard error, the test statistic, and the three p-values will then appear.
Depending on the form of the hypothesis test (lower tail, upper tail, or two-tailed), we can
then choose the appropriate p-value to make the rejection decision.

We can further simplify the use of Figure 9.7 as a template for other problems by elimi-
nating the need to enter new data ranges in cells D4 and D5. To do so we rewrite the cell
formulas as follows:

Cell D4: =COUNT(A:A)
Cell D5: = AVERAGE(A:A)
Ty, e Excel’s COUNT function will count the
Afil . ing data ranges, S .
st iﬁ_fuz:ned With the A:A me.thOd of Sp‘?mf)(l)lu%nn A and Excel’s AVERAGE function “f'l.l compute the
sheey entizze;iar number of numerical values 1 % olumn A. Thus, to solve a new problem1t1s only neces-
eml'kfes the A:A me(;lrz’t)pdk}te average of the numerical valucs ;Sncqn A, enter the value of the known population stﬁn[t)i‘gird
er ’ or . 1 ’ . w1 aan 1n ¢ a
g the gt e sary to enter the new datan C(t)he hypolheSized value of the p(?pulc.itl()n mean in ged >
deviation in cell D7, and enter Jate for text exercises I which n, ¥, an

%, and o into cells D4,

value for the popula-
er tail, and two-tailed

used as a temp
lsoilrzecolumn A and enter !
er the appropriate
correspondin gto
13:D15.

the values for n,
hypothesized
lower tail, upp

The worksheet cana
given. Just ignore the data

i Then ent
d D7, respectively- '
on oll D8. The p-values

tion mean into D hen et 1 cells D

hypothesis tests wi
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TABLE 9.2

Chapter 9 Hypothesis Tests OPULATION MEAN:

SUMMARY OF HYPOTHESIS T
o KNOWN CASE

psTS ABOUT AP

oy

Upper T ail Test Two-Tailed Test

Lower Tail Test

Hy p =
- Hy: o = o HO‘ K L Ko
Ill). M ’ (4] II": “ > ’J‘() a’ IJ‘ “()
Hypotheses e p < o -
_ X~ Mo e #
X" Mo z= —"\‘7’;’ o/\n
Test Statistic T= N a/
iect H, if Reject H,j if
Rejection Rule: Reject H if R_?;C:e ; o p-value < o
p-Value Approach p-value = @ 4 _ et .
o 1A Reject H, if eject H,, if
Rejection Rule: Reject Hy 1 Py 2= —z,,
Critical Value = 77, orifz=z,,
Approach —

Summary and Practical Advice

We presented examples of a lower tail test and a two-tailed test aboqt a populatlon mean.
Based upon these examples, we can now summarize the hypothesis testing procedures
about a population mean for the o known case as shown in Table 9.2. Note that y, is the

hypothesized value of the population mean. o .
The hypothesis testing steps followed in the two examples presented in this section are

common to every hypothesis test.

STEPS OF HYPOTHESIS TESTING

Step 1. Develop the null and alternative hypotheses.

Step 2. Specify the level of significance.
Step 3. Collect the sample data and compute the value of the test statistic.

p-Value Approach
Step 4. Use the value of the test statistic to compute the p-value.
Step 5. Reject H,, if the p-value < q.
Step 6. Interpret the statistical conclusion in the context of the application.

Critical Value Approach

Step 4. Use the level of significance to determine the critical value and the rejection rule.

Step 5. Use the value of the test statistic and the rejection rule to determine
whether to reject H,.

Step 6. Interpret the statistical conclusion in the context of the application.

population is net hormally dj

» Sample sizes as sma]] as 15 can be expected to o buted but s atfeast

provide acceptable results.

e N
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Relationship Between Interval Estimation
and Hypothesis Testing

In Chapter 8 we showed how 10 develop a confidence interval estimate of a population

mean.‘For the o known case, (he (1l ~ % epnlidesios interval estimate of a e iadion
mean is given by

xX*z

a
2 \/n

In this chapter we showed that 3 two-tailed hypothesis test about a population mean

takes the following form:

Hy p= p,
H: w+#p,

where w, 1s the hypothesized value for the population mean.

Suppose that we follow the procedure described in Chapter 8 for constructing a
100(1 — a)% confidence interval for the population mean. We know that 100(1 — «)%
of the confidence intervals generated will contain the population mean and 100a% of the
confidence intervals generated will not contain the population mean. Thus, if we reject H,
whenever the confidence interval does not contain Ko, we will be rejecting the null hypothe-
sis when it is true (u = ) with probability «. Recall that the level of significance is the
probability of rejecting the null hypothesis when it is true. So constructing a 100(1 — a)%
confidence interval and rejecting H, whenever the interval does not contain Mg 18 equivalent
to conducting a two-tailed hypothesis test with « as the level of significance. The proce-

dure for using a confidence interval to conduct a two-tailed hypothesis test can now be
summarized.

A CONFIDENCE INTERVAL APPROACH TO TESTING A HYPOTHESIS
OF THE FORM

Hy = g
Ha:IJ' # Mo

1. Select a simple random sample from the population and use the value of the
sample mean X to develop the confidence interval for the population mean w.

B o
xXx Za/z”"\'/'—;

2. If the confidence interval contains the hypothesized value u,, do not reject
H,. Otherwise, reject’ Hy,

Let us illustrate by conducting the MaxFlight hypothesis test using the confidence
interval approach. The MaxFlight hypothesis test takes the following form:

Hy p = 295
H, p # 295

- . the p-value = a, we would also reject H, using the confidence interval
*To be consistent with the rule for rejecting Ho when the p

approach if 11, happens to be equal to one of the endpoints of the 100(1 — a)% confidence interval.
0
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NOTES AND COMMENTS

Chapter 9 Hypothesis Tests

To test these hypotheses with a level of significance of a = .05, we sampled ?0 golf balls
and found a sample mean distance of ¥ = 297.6 yards. Recall that the population Standarq
deviation is o = 12, Using these results with Zops = 1.96, we find that the 95% confidence
Imterval estimate of the bopulation mecan is

a
X * Z‘()25'i7';

12
6+ 1.96— =
297.6 V50

2976 +=3.3
or

294.3 to 300.9

This finding enables the quality control manager to conclude with 95% confidence
that the mean distance for the population of golf balls is between 294.3 and 300.9 yards,
Because the hypothesized value for the population mean, u, = 295, is in this interval,
the hypothesis testing conclusion is that the null hypothesis, Hy: u = 295, cannot
be rejected.

Note that this discussion and example pertain to two-tailed hypothesis tests about a
Population mean. However, the same confidence interval and two-tailed hypothesis testing
relationship exists for other population parameters. The relationship can also be extended to

1. We have shown how to use p-values. The smaller ® Greater than .10—Insufficient evidence
the p-value the greater the evidence against H,

and the more the evidence in favor of Hy. Hereare 2, When testing a hypothesis of the population mean

to conclude that H, is true

some guidelines statisticians suggest for interpret-
ing small p-values.
® Less than -01—Overwhelming evi-
dence to conclude that H is true
® Between .01 and .05—Strong evidence
to conclude that H, is true
¢ Between .05 and .10—Weak evidence
to conclude that H,, is true

with a sample size that is at least 5% of the
population size (that is, n/N = .05), the finite
population correction factor should be used when
calculating the standard error of the sampling
distribution of ¥ when o is known, that is,

N-nf o
0’:= ‘“.
g N—1\Vn

R e e e e i e MR i s

Note to Student: Some of the exercises that follow ask you to use the p-value approach an.d
others ask you to use the critical value approach. Both methods will provide the same hypothesis
testing conclusion. We provide exercises with both methods to give you practice using both.
In later sections and in following chapters, we will generally emphasize the p-value approach
as the preferred method, but you may select either based on personal preference.

Methods

9. Consider the following hypothesis test:

Hy =20
<20



ysﬁLFtest

9.3 Population Mean: o Known 427

11.

12.

13.

14,

A sample of 50 provided a sample mean of 19.4. The population standard deviation is 2.
a. Compute the value of the test statistic.
b. What is the p-value?

c. Using a = .05, what is your conclusion?
d. What is the rejection rule using the critical value? What is your conclusion?
Consider the following hypothesis test:

Hyp =25
H;:w>25

A sample of 40 provided a sample mean of 26.4. The population standard deviation is 6.
a. Compute the value of the test statistic.

b. What is the p-value?
¢. Ata = .01, what is your conclusion?
d. What is the rejection rule using the critical value? What is your conclusion?

Consider the following hypothesis test:

Hy =15
H;:u+#15

A sample of 50 provided a sample mean of 14.15. The population standard deviation is 3.
a. Compute the value of the test statistic.

b. What is the p-value?

¢. Ata = .05, what is your conclusion?

d. What is the rejection rule using the critical value? What is your conclusion?

Consider the following hypothesis test:
Hy p = 80
H,: u <80

A sample of 100 is used and the population standard deviation is 12. Compute the p-value
and state your conclusion for each of the following sample results. Use a = .01.

a. x=785

b. x=77

c. x=1755

d x=81

Consider the following hypothesis test:
Hy =350
H;: u > 50

A sample of 60 is used and the population standard deviation is 8. Use the critical
value approach to state your conclusion for each of the following sample results,

Use a = .05.

a. x=2525
b. x=51
c. x=2151.8

Consider the following hypothesis test:

Hy =22
H,;p# 22
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lation standard deviation of $300 to answer the following questions.

a. Formulate hypotheses for a test to determine whether the sample data support the
conclusion that the population annual expenditure for prescription drugs per person is
lower in the Midwest than in the Northeast,

b. What is the value of the (est statistic?

c. Whatis the p-value?

d. Ata = .01, whatis your conclusion?

. 21. Fowle Marketing Research, Inc. bases charges to a client on the assumption that telephone
survgys can be completed in a mean time of 15 minutes or less. If a longer mean survey
time IS necessary, a premium rate is charged. A sample of 35 surveys provided the survey
times §h0\y11 in the DATAfile named Fowle. Based upon past studies, the population standard
deviation 18 assumed known with o = 4 minutes. Is the premium rate justified?

a. Formulate the null and alternative hypotheses for this application.

b. Compute the value of the test statistic.

c. Whatis the p-value?

d. Ata = .01, what is your conclusion?

22. CCN and ActMedia provided a television channel targeted to individuals waiting in
supermarket checkout lines. The channel showed news, short features, and advertisements.
The length of the program was based on the assumption that the population mean time a shop-
per stands in a supermarket checkout line is 8 minutes. A sample of actual waiting times will
be used to test this assumption and determine whether actual mean waiting time differs from

this standard.
a. Formulate the hypotheses for this application.
b. A sample of 120 shoppers showed a sample mean waiting time of 8.4 minutes. Assume

a population standard deviation of o = 3.2 minutes. What is the p-value?

c. Ata = .05, what is your conclusion?
d. Compute a 95% confidence interval for the population mean. Does it support your

conclusion?

) Population Mean: o Unknown

In this section we describe how to conduct hypothesis tests about a population mean for
the o unknown case. Because the o unknown case corresponds to situations in which an
estimate of the population standard deviation cannot be developed prior to sampling, the
sample must be used to develop an estimate of both w and o. Thus, to conduct a hypothesis
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. , 7 n X is used as
test about a population mean for the o unknown case, the sample mea an

- . ; stimate of o.
estimate of u and the sample standard deviation s is used as an estima e T
The steps of the hypothesis testing procedure for the o unknown me

as those for the o known case described in Scction 9.3, But, with o unknown, the com.-
putation of the test statistic and p-value is a bit (.Jil’l'crcnt. Recall that forltg§ (r‘:)(no.wll
case, the sampling distribution of the test statistic has a standard norma distribution,
For the o unknown case, however, the sampling distribution of the test statistic follows
the 7 distribution; it has slightly more variability because the sample is used to develop

estimates of both u and o. ' .
In Section 8.2 we showed that an interval estimate of a population mean for the

o unknown case is based on a probability distribution known as the ¢ distribution
Hypothesis tests about a population mean for the o unknown case are also basgd on the
t distribution. For the o unknown case, the test statistic has a ¢ distribution with n—1

degrees of freedom.

TEST STATISTIC FOR HYPOTHESIS TESTS ABOUT A POPULATION MEAN:
o UNKNOWN

X = Wy
= 9.
g s/Vn (9.2)

In Chapter 8 we said that the ¢ distribution is based on an assumption that the population
from which we are sampling has a normal distribution. However, research shows that this
assumption can be relaxed considerably when the sample size is large enough. We provide
some practical advice concerning the population distribution and sample size at the end of

the section.

One-Tailed Test

travelers at each airport to obtain the ratings data. The sample for London’s Heathrow Airport
provided a sample mean rating of X = 7.25 and a sample standard deviation of s = 1.052. Do
the data indicate that Heathrow should be designated as a superior service airport?

We want to develop a hypothesis test for which the decision to reject H, will lead to
the conclusion that the population mean rating for the Heathrow Airport is greater than 7.
Thus, an upper tail test with Hy: p > 7 is required. The nul] and alternative hypotheses for

this upper tail test are as follows:
Hywp=7
H:p>7
We will use o = .05 as the level of significance for the test,
Using equation (9.2) with ¥ = 7.25, Mo=7,5=1052 and n = 60, the value of the
test statistic is
%= 725 ~7
p= 0 = 1.84
s/Vn  1.052/\/60
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The sampling distribution of ¢ hag », —

test is an upper tail test, the p-value is p
to the value of the test statistic,

The t distribution table provided in most textbooks will not contain sufficient detail to
determine the exact p-value, such as (he p-value corresponding to ¢ = 1.84. For instance,

using Table 2 in Appendix B, (he ¢ distribution with 59 degrees of freedom provides the
following information,

1'=60 — 1 = 59 degrees of freedom. Because Fhe
(f = 1.84), that is, the upper tail area corresponding

Area in Upper Tail | 20 10

05 025 01 .005
¢ Value (59 df) | gag

1296 1.671 2.001 2391 2.662

\
t=1.

We see that £ = 1.84 is between 1.671 and 2.001. Although the table does not provide the
exact p-value, the values in the “Area in Upper Tail” row show that the p-value must be
less than .05 and greater than .025. With a level of significance of ¢ = .05, this placement

is all we need to know to make the decision to reject the null hypothesis and conclude that
Heathrow should be classified as a superior service airport.

It is cumbersome to use a ¢ table to com

84

pute p-values, and only approximate values are
obtained. We describe how to compute exact p-values using Excel’s T.DIST function in the

Using Excel subsection which follows. The exact upper tail p-value for the Heathrow Air-
port hypothesis test is .0354. With .0354 < .05, we reject the null hypothesis and conclude
that Heathrow should be classified as a superior service airport.

The decision whether to reject the null hypothesis in the o unknown case can also be made
using the critical value approach. The critical value corresponding to an area of &« = .05 in the
upper tail of a ¢ distribution with 59 degrees of freedom is tos = 1.671. Thus the rejection rule
using the critical value approach is to reject Hyif t = 1.671. Because t = 1.84 > L.671, H, is
rejected. Heathrow should be classified as a superior service airport.

Two-Tailed Test

To illustrate how to conduct a two-tailed test about a population mean for the o unknown
case, let us consider the hypothesis testing situation facing Holiday Toys. The company
manufactures and distributes its products through more than 1000 retail outlets. In plan-
ning production levels for the coming winter season, Holiday must decide how many units
of each product to produce prior to knowing the actual demand at the retail level. For
this year’s most important new toy, Holiday’s marketing director _is expe.cting demand to
average 40 units per retail outlet. Prior to making the final pr‘oduc.txon decision based upon
this estimate, Holiday decided to survey a sample of 25 retall.ers in order to develop more
information about the demand for the new product. Each retailer was provided with infor-
mation about the features of the new toy along with the cost and the suggested selling price.,
Then each retailer was asked to specify an anticipated prder quanfity.

With  denoting the population mean order quantity per retail outlet, the sample data
will be used to conduct the following two-tailed hypothesis test:

Hy p = 40
H,;: pu # 40

If H, cannot be rejected, Holiday will continue its production planning based on the mar-
ketils director’s estimat’e that the population mean qrder qt}annty per retail outlet will pe
o= iO units. However, if H, is rejected, Holiday will immediately reevaluate its production
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) ’ liday wants toreevaluate
plan for the product, A two-tailed hypothesis test is used beca%llseglz s %Iess than anticipate
the production plan if the population mean quantity per retai .]o bl (it's & new product). f
or greater than anticipated. Because no historical data are availa ’

; {avinty h be estimated using 5
population mean u and the population standard deviation must bot gX

and s from the sample data. ..
. ) ; c % = standard deviation
3 The sample of 25 retailers provided a mean of ¥ = 37.4 and a of

) \ : : istribution, the anal )
4 5= 1179 units. Before going ahead with the use of the ¢ distribution, t alyst con

structed a histogram of the sample data in order to check on the form of the population dis-
tribution. The histogram of the sam ple data showed no cvid'cn(:f: of slfewness or_any €Xtreme
outliers, so the analyst concluded that the use of the ¢ distribution with n — 1 : 24 degrees
of freedom was appropriate. Using equation (9.2) with X = 37.4, uo = 40, s = 11.79, ang
n = 25, the value of the test statistic is

= = = —1.10
s/Nn o 11.79/V25

Because we have a two-tailed test, the p-value is two times the area .und'er the curve
of the ¢ distribution for t < —1.10. Using Table 2 in Appendix B, the ¢ distribution table for
24 degrees of freedom provides the following information.

t

Area in Upper Tail [ .20 10 05 025 01 005
+-Value (24 df) | 857 \1.318 1711 2.064 2492 2797
t

The ¢ distribution table contains only positive ¢ values (corresponding to areas in the upper
tail). Because the ¢ distribution is symmetric, however, the upper tail area for = 1.10is the same
as the lower tail area for r = —1.10, We see that = 1.10 is between 0.857 and 1.318. From the
“Area in Upper Tail” row, we see that the area in the tail to the right of # = 1.10 is between 20
and .10. When we double these amounts, we see that the p-value must be between .40 and 20.
With a level of significance of q = {05, we now know that the p-value is greater than a. There-

fore, Hy, cannot be rejected. Sufficient evidence is not available to conclude that Holiday should
change its production plan for the coming season.

In the Using Excel subsection which follows, we show how to compute the exact
p-value for this hypothesis test usin g Excel. The p-value obtained is .281 1. With a level of
significance of a = .05, we cannot reject Hy because .2811 > .05.

The test statistic can also be compared to the critical value to make the two-tailed
hypothesis testing decision. With a = .05 and the ¢ distribution with 24 degrees of freedom,
“loos = —2.064 and 7, = 2.064 are the critical values for the two-tailed test. The rejec-
tion rule using the test statistic is

= 1.10

Reject Hy if t < —2.064 or if t = 2,064

Based on the test statistict = —1.10, H,cannotberejected. This result indicates that Holiday
should continue its production planning for the coming season based on the expectation
that u = 40,

Using Excel

S

Excel can be used to conduct one-tailed and two-tailed hypothesis tests about a population
mean for the o unknown case. The approach is similar to the procedure used in the o known
case. The sample data and the test statistic (¢) are used to compute three p-values: p-value
(Lower Tail), p-value (Upper Tail), and p-value (Two Tail). The user can then choose a and
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3 Sample Slze =COUNT(A2:A26) '
4] Sample Mean =AVERAGE(A2:A26) e B R i..B B _F
¢ A Sample Standard Deviatlon =STDEV §(A2:A 26) 1 U_ﬂ}}}_] Hypothesis Test about 2 Population Mean:
§ 10026 o o Unknown Case
1 Hypothesized Value 40 K 2
P B 4 1252 4 Sample Size 15
IR Staudard Error =D6/SQRT(D4) S04 Sample Mean 37.4

5: TS Test Stathtic £ =(DS-DIYD10 6 : A8 Sample Standard Deviation 11.79

RNIE Degrees of Freedom =Di-1 7 4818

" R 8 I 4T - Hypothesized Valne 40
B8 p-value (Lower Tail) <T.DISTD11.D12 TRuE) | 59
R p-value (Upper Tail) =1-D1a 10 230 Standard Error 2.3580
¢ i & p-value (Two Tail) =2*MIN(D14,D15) 111882 & Test Statistic ¢ -1.1026
;S : ;ﬁ% . Degrees of Freedom 24
n § p-value (Lower Tail) 0.1406
X M 2-value (Upper Tail) 0.8594
&1 2-value (Two Tail) 0.2811

xore: Rows 18-24
are hidden.
-

draw a conclusion using whichever p-value is appropriate for the type of hypothesis test
being conducted.

Let’s start by showing how to use Excel’s T.DIST function to compute a lower tail
p-value. The T.DIST function has three inputs; its general form is as follows:

T.DIST(test statistic, degrees of freedom, cumulative)

For the first input, we enter the value of the test statistic, for the second input we enter the
number of degrees of freedom. For the third input, we enter TRUE if we want a cumulative
probability and FALSE if we want the height of the curve. When we want to compute a
lower tail p-value, we enter TRUE.

Once the lower tail p-value has been computed, it is easy to compute the upper tail and
the two-tailed p-values. The upper tail p-value is just 1 minus the lower tail p-value. And
the two-tailed p-value is given by two times the smaller of the lower and upper tail p-values.

Let us now construct an Excel worksheet to conduct the two-tailed hypothesis test for
the Holiday Toys study. Refer to Figure 9.8 as we des'cri.be the tasks involved. The formula
worksheet is in the background; the value worksheet is in the foreground.

Enter/Access Data: Open the DATAfile named Orders. A label and the order quantity
data for the sample of 25 retailers are entered into cells A1:A26.

Enter Functions and Formulas: The sample size, sample mean, and sample standard
deviation are computed in cells D4:D6 using Excel’s COUNT, AVERAG‘E, and STDEV.S
functions respectively. The value worksheet shows that the sample size is 25, the sample
mean ig 3’7 4 and the sample standard deviation is 11.79. The hypothesized value of the
Population mean (40) is entered into cell D8.

. , andard deviation as an estimate of the popula'tion standard devia-
tionUa::negstti}tlr?';:r:)li3 ]t(}ies tsdtzlg:‘lard error is obtained in cell D10 py d.lvidmg the sample stan-
dard deviation in cell D6 by the square root of the sample size in cell D4. The formula
=(D5-D8)/D10 entered into cell D11 computes the Fest.statlstnc t( —'1.1026). The degrees
of freedom are computed in cell D12 as the sample size in cell D4 minus 1.
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To compute the p-value for a lower tail test, we enter the following formula into

cell D14:
=T.DIST(D11,D12,TRUE)

The p-value for an upper tail test is then computed in cell D15 as 1 minus the p-value for
the lower tail test. Finally, the p-value for a two-tailed test is computed in cell D16 as tw
times the minimum of the two one-tailed p-values. The value worksheet shows that the three

p-values are p-value (Lower Tail) = 0.1406, p-value (Upper Tail) = 0.8594, and p-value
(Two Tail) = 0.2811.

The development of the worksheet is now complete. For the two-tailed Holiday Toys
problem we cannot reject Hy: u = 40 using a = .05 because the p-value (Two Tail) = 02811
is greater than a. This result indicates that Holiday should continue its production planning
for the coming season based on the expectation that u = 40. The worksheet in Figure 9.8 cap
also be used for any one-tailed hypothesis test involving the ¢ distribution. If a lower taj] test is
required, compare the p-value (Lower Tail) with « to make the rejection decision. If an upper
tail test is required, compare the p-value (Upper Tail) with a to make the rejection decision,

A template for other Problems The worksheet in Figure 9.8 can be used as a template
for any hypothesis tests about a population mean for the o unknown case. Just enter the ap-
propriate data in column A, adjust the ranges for the formulas in cells D4:D6, and enter the
hypothesized value in cel] D8. The standard error, the test statistic, and the three D-values

We can further simplify the use of Figure 9.8 as a template for other problems by
eliminating the need to enter new data ranges in cells D4:D6. To do so we rewrite the cell

Cell D4: =COUNT(A:A)
Cell D5: =AVERAGE(A:A)
Cell D6: =STDEV(A:A)

With the A:A method of specifying data ranges, Excel’s COUNT function will count the
number of numeric values in column A, Excel’s AVERAGE function will compute the

the population mean in cell DS.

Summary and Practical Advice

Table 9.3 provides a summary of the hypothesis testing procedures about a population mean
for the o unknown case. The key difference between these procedures and the ones for tt}e
o known case is that s is used, instead of ¢, in the computation of the test statistic. For this
reason, the test statistic follows the ¢ distribution. .

The applicability of the hypothesis testing procedures of this sect.ion is dependent 01_1
the distribution of the population being sampled from and the §an1ple size. When t.he P‘)P‘c‘t
lation is normally distributed, the hypothesis: tests described in t!lis section provide nges
results for any sample size. When the population is not normally distributed, the Pﬁociovide
are approximations. Nonetheless, we ﬁnq tha}t sample.s1zes of 30 or greater wi ]lae s
good results in most cases. If the population is approx1ma'tely. nomal, small (siam};omains
(e.g., n < 15) can provide acceptable results. If the population is highly skewed or

outliers, sample sizes approaching 50 are recommended.
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SUMMARY OF HYPOTHESIS TESTS ABOUT A POPULATION MEAN:

pBE~  UNKNOWN CASE

Lower Tail Test Upper Tail Test Two-Tailed Test
Hy p= .
* potheses T Hy: pe = g Hy: = po
| P Hiip <y Hyi > g Hy o # p
.y X, % — g -
, st Statistic 1= ———r =T o 5
Te S/\/r‘z s/\/,—l‘ s/\/’;
Rejection Rule: Reject H,, if Reject H, if Reject H, if

p-\'alue Approach

p-value = o

p-value = «

p-value = «o

Rejection Rule: Reject H,, if Reject H, if Reject H,, if
. 0 0
Critical Value 1< —t, 1=t 1= —t,,

Approach orift=1¢,,

NOTE AND COMMENT |

When testing a hypothesis of the population distribution of ¥ when o is
mean with a sample size that is at least 5% of

the population size (that is, n/N = .05), the finite - N—nf s
population correction factor should be used when N-1

o)

unknown, i.e., sz

calculating the standard error of the sampling

F .

Methods

23.  Consider the following hypothesis test:
Hyp=12
Hipu>12

A sample of 25 provided a sample mean x = 14 and a sample standard deviation s = 4.32.

a. Compute the value of the test statistic.
b. Use the ¢ distribution table (Table 2 in Appendix B) to compute a range for the
p-value.
¢. Ata = .05, what is your conclusion?
“ d. What is the rejection rule using the critical value? What is your conclusion?
' SELFtest 24.  Consider the following hypothesis test:
Hy p =18

i Hi;p # 18
A sample of 48 provided a sample mean % = 17 and a sample standard deviation s = 4.5,
, a. Compute the value of the test statistic.

b.
c.
| i

Use the ¢ distribution table (Table 2 in Appendix B) to compute a range for the p-value.

At a = .05, what is your conclusion?

What is the rejection rule using the critical value? What is your conclusion?




