
So the pavement will not be used unless the null hypothesis is rejected.

Step 2: Assume the H0 is true.

Step 3: The significant level is not specified, so we use ↵ = 0.05. Since we have a lower-
tail test and �(1.645) = 0.95, the critical value is �z0.05 = �1.645. RR: we reject H0 if
Z  �1.645.

Step 4: Test statistics

Z =
x� µ0

s/
p
n

=
28.76� 30

12.2647/
p
52

= �0.73

Step 5: Decision: since Z = �0.73 > �1.64, we fail to reject H0.

Step 6: Conclusion: Based on our evidence at ↵= 0.05, we conclude that the use of the
pavement is not justified.

Let’s achieve the same conclusion by calculating the P -value.

Example 97 continued : Light bulbs of a certain type are advertised as having an average
lifetime of 750 hours. The price of these bulbs is very favorable and so a potential customer
has decided to go ahead with the purchase unless it can be conclusively demonstrated that
the true average lifetime is smaller than what is advertised. A random sample of 20 bulbs
was selected and the lifetime of each was recorded. Suppose that the sample mean was 738.4
hours with a sample standard deviation of 41.2 hours. Does the sample provide evidence
that the true mean lifetime is less than 750? Assume lifetimes vary according to a normal
distribution and test using ↵ = 0.10.

Solution. Given information µ = 750, n = 20, x = 738.4, s = 41.2, ↵ = 0.1.

Step 1: H0 : µ = 750 vs HA : µ < 750 (lower-tail test)

Step 2: Assume H0 is true.

Step 3: From t-table, we have tn�1,↵ = t19,0.1 = 1.328. Since we have a left tail test, so
the critical value is �t19,0.1 = �1.328. We will reject H0 if T is smaller than -1.328. RR:
T  �1.328
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Step 4:

t =
x� µX

s/
p
n

= �1.259 > �1.328

Step 5: Decision: we fail to reject H0.

Step 6: Conclusion: Based on our evidence at ↵ = 0.1, we conclude that the sample does not
have enough evidence to show the true mean bulb lifetime is less than 750 hours.

Let’s achieve the same conclusion by calculating the P -value.

Example 98 continued : After a 24-hour smoking abstinence, each of 20 smokers was asked
to estimate how much time had elapsed during a 45-second period. The collected elapsed
time gives sample mean x = 59.3 sec and sample sd s = 9.84 sec. Assume the data follows a
normal distribution. Let’s carry out a test of hypotheses at significance level 0.05 to decide
whether true average perceived elapsed time di↵ers from the known time 45 sec.

Solution. µ = true average perceived elapsed time for all smokers.

Hypothesis: µ = 45 vs µ 6= 45

Test statistic:

T =
x� µ

s/
p
n
=

59.3� 45

9.84/
p
20

= 6.5

Rejection Region: Since we have a two-tailed test , so we reject H0 if |T | � tn�1,↵/2 =
t19,0.025 = 2.093.

Decision: Since T = 6.5 � 2.093, we reject H0.

Conclusion: Based on our evidence at ↵ = 0.05, we conclude that the true average perceived
elapsed time is evidently something other than 45.

Let’s achieve the same conclusion by calculating the P -value.
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Example 99 continued : The use of a phone to text during an exam is a serious breach
of conduct. One article reported that 27 of the 267 students in a sample admitted to doing
this. Can it be concluded at significance level 0.001 that more than 5% of all students in the
population sampled had texted during an exam?

Solution. The parameter of interest is the proportion p of the sampled population that has
texted during an exam.

Step 1: Hypothesis: H0 : p = 0.05 vs HA : p > 0.05

Step 2: Assume H0 is true and check conditions:

np0 = (267)(0.05) = 13.35 � 10 and n(1� p0) = (267)(0.95) = 253.65 � 10

the large-sample z test can be used.

Step 3: Since it is the upper-tail test, from the z-table we have the critical value is z0.001 = 3.1
which give RR : reject H0 if Z � 3.1.

Step 4: Since p̂ = 27
267 = 0.1011, then the test statistic

Z =
p̂� p0q
p0(1�p0)

n

=
0.1011� 0.05q

(0.05)(0.95)
267

= 3.84

Step 5: Decision: we reject H0.

Step 6: Conclusion: Based on our evidence at ↵ = 0.001, we conclude that the evidence for
concluding that the population percentage of students who text during an exam exceeds 5%
is very compelling.

Let’s achieve the same conclusion by calculating the P -value.

Example 100 continued : A plan for an executive travelers’ club has been developed by
an airline on the premise that 5% of its current customers would qualify for membership. A
random sample of 500 customers yielded 40 who would qualify. Using this data, test at level
0.01 the null hypothesis that the company’s premise is correct against the alternative that it
is not correct.

Solution.
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Hypothesis: H0 : p = 0.05 vs HA : p 6= 0.05

Test statistic:

p̂ =
40

500
= 0.08

Z =
p̂� p0q
p0(1�p0)

n

=
0.08� 0.05q

(0.05)(0.95)
500

= 3.0779

Rejection Region: ↵ = 0.01 and we have a two tailed test here, so the critical value is

z↵/2 = z0.005 = 2.575

So we reject H0 when |Z| � 2.575.

Decision: since Z = 3.0779 � 2.575, we reject H0.

Conclusion: Based on our evidence at ↵ = 0.01, we conclude that the company’s premise is
not correct.

Let’s achieve the same conclusion by calculating the P -value.
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9 Inferences Based on Two Samples

Chapters 7 and 8 presented confidence intervals (CI’s) and hypothesis-testing procedures for a
single mean µ, and a single proportion p. Chapter 9 extend these methods to situations involv-
ing the means, proportions, and variances of .

9.1 z Tests and Confidence Intervals for a Di↵erence Between Two
Population Means

The inferences discussed in this section concern
.

Basic Assumptions:

• Suppose we have a random sample from population 1 with mean , pop-
ulation standard deviation , sample size , sample mean , and
sample standard deviation .

• Suppose we have a random sample from population 2 with mean , pop-
ulation standard deviation , sample size , sample mean , and
sample standard deviation .

• The two samples are of one another.

The natural estimator of µ1�µ2 is , the di↵erence between the corresponding
. Inferential procedures are based on this estimator,

so we need expressions for the expected value and standard deviation of X1 �X2.

Let the random variable Y = X1 �X2, then
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