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7.4 Hypothesis Testing for Proportions

Ww Yow Hypothesis Test for Proportions
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1.4 How to usa the réestrsitesta
Bopulation

Hypothesis Test for Proportions

Hypothesis tests for proportions occur when a politician wants to know the
proportion of his or her constituents that favor a certain bill or when a quality
assurance engineer tests the proportion of parts that are defective.

In this section, you will learn how to test a population proportion p. If
np =5 and ng = 5 for a binomial distribution. then the sampling distribution
for p is normal with

Hp=P
and
3= Vpa/n
2-Test for a Proportion p :

Given a binomial distribution such that np = 5 and ng = 5, you can 8§
a z-test to test a population proportion p. The test statistic is the samp)
proportion p and the standardized test statistic is z.

)l L )9 )
o3
GUIDELINES
Using a z-Test for a Proportion p
\ mﬂgm Verify that np = S and ng = §.
1 in Words In Symbols
thesis test for 3 ) . 2L

Ahypot fon p can also be 1. State the claim mathematically and State Hyand H,.
proport : # Es‘\ng p-values. verbally. Identify the null and

t\eref‘:{\r: same guidelines on alternative hypotheses.

s

page 336 fof using P':“'l“ei 2. Specify the level of significance. Identify a.

Grar e 3. Sketch the sampling distribution.

e i 3 1.4 B
‘:r;n‘gardlzed test statistic 4. Determine any critical values. Use Table 4 in Appendix B.
oy using the formul2 5. Determine any rejection regions.
2= ﬂ—:—% 6. Find the standardized test statistic. 2= \p/:_pf
Vpa pain
The other steps in the test 7. Make a decision to reject or fail to If z is in the rejection region,

1 are the same. reject the null hypothesis. reject Hy. Otherwise, fail to
A — reject Hy.

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

R
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g N ) See 7183 steps
Hypothesis Test for a Proportion on page 379,

A medical researcher claims that less than 20% of adults in the U.S. are allergic
to a medication. In a random sample of 100 adults, 15% say they have such an
allergy. Test the researcher’s claim at o = 0.0, J R S

P b Rl 4,

§

H

H

{

i SOLUTION The products np = 100(0.20) = 20 and ng = 100(0.80) = 80 are
| both greater than 3. So, vou can use a z-test. The claim is “less than 20% are
i allergic to a medication.” So. the null and alternative hypotheses are
!

i

|

:

i

i

i

Hy: p=02 and H,: p<02.¢

Because the test is a left-tailed test and the level of significance is & = 0.01. the
! critical value is zp = —2.33 and the rejection region is z < =2.33. Using the
z-test. the standardized test statistic is

0.15 -~ 0.2
Vpgin  \/(02)(0.8)/100

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

statistic z. Because z is not in the rejection region, you should decide not to reject
i the null hypothesis. In other words, there is not enough evidence to support the
claim that less than 20% of adults in the U.S. are allergic to the medication.

O
{ Try It Yourself 1

A researcher claims that less than 30% of adults in the US. are allergic to trees,
weeds. flowers, and grasses. In a random sample of 86 adults. 20% say they have
such an allergy. At a = 0.05. is there enough evidence to support the
researcher’s claim? (e from T oo s <t

a. Verify that np = 5 and ng = 5.

b. Jdentify the claim and state Hyand H,.

. Identify the level of significance a.

S Find the critical value z, and identify the rejection region.

e, Use the z-test to find the standardized test statistic 2. .

f. Decide whether 10 reject the null hypothesis. Use a graph if necessary.

g Is there enough evidence to support the claim? haw 43

To use a P-value to perform the hypothesis test in Example 1. use Table 410
find the area corresponding to z = —1.25. The area is 0.1056, Because this is a
left-tailed test, the P-value is equal to the area to the left of 7 = —1.25. So.
P = 0.1056. Because the P-value is greater than o = 0.01, you should fail 10
reject the nuil hypothesis. Note this is the same result obtained in Example 1.
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Picturing the
World

A recent study claimed that
§3.7% ar-glds in the
US. were given over-the-
counter drugs (such as Tylerol)
in a period of 30 days. To test
this claim you conduct a ran-
dom telephone survey of 300
parents of 3-yearolds In the
survey. you find that 166 of the
3.year olds were given an over-
the-counter drug during the
past 30 days,

Given OTC
drugs in the
past 30 days

Not given OTC
drugs in the

Hypothesis Testing with One Sample

)
i

See Miniih s\epq
f on page 378,

— 1
Harper's Index claims that 23% of people in the U.S. are in favor of outlawing
cigarettes. You decide o test this claim and ask a random sample of 200 people
ip the US. whether they are in favor of outlawing cigarettes. Of the 200 people,
im?

The products xup = 200(0.23) = 46 and ag = 200(0.77) = 154
are both greater than 3. So. you can use a z-test. The claim is “23% of people in
the US. are in favor of outlawing cigarettes.” So, the null and alternative
hypotheses are

Hy p =023 and o p 023,

Because the test is a two-tailed test and the leve] of significance is & = (.03, the
critical values are —z, = —1.96 and z, = 1.96. The rejection regions are
< —1.96 and £ > 1.96. Using the z-test. the standardized test statistic is

The graph shaws the location of the rejection regions and the standardized test
statistic z.

Because z is not in the rejection region, you should fail 10 reject the null hypoth-
esis, At the §% level of significance, there ‘is not enough evidence (o reject the
claim that 23% of people in the U.S. are in favor of outlawing cigarcites.

USA TODAY reports that 5% of US. adults have seen an extraterrestrial being.
You decide to test this claim and ask a random sample of 250 ULS. adults
whether they have ever seen an extraterrestrial being. OF those surveyed. 8%
reply yes. At & = 0.01. is there enough evidence to reject the claim?

a. Vertfy that mp = 5 and kg = 3.
b. ldentify the claim and state H, and #,.

¢ ldeniify the level of significance «

d. Find the eritical values —z, and z, and idensify the rejection regions
e. Use the z-test 10 find the standardized test statistic 7

t. Decide whether to reject the null hypothe:
g. Is there enough evidence ta reject the claim?

ph il necussary,
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Using a Hypothesis Test 1o

ta Proportion

The Pew Research Center claims that more than 33% of US. adults reg
watch a network news broadeast. You decide to test this claim and ask a random
sample of 425 adults in the US. whether they regularly watch a network news
broadeast. Of the 425 adults, 235 respond ves. At a.= 0.03, is there enough
cvidence 1o support the claim?

SOLUTION  The products np = 425(0.33) ~ 234 and ng = 425(0.43) = 191
are both greater than 5. So. vou can use a z-test. The claim is “more than 53
of U.S. adults watch a network news broadeast.” So. the null and alternative

;

and Hy pi> L [Claimy
Because the fest is a right-tailed test and the level of significance is o = 0.05.
the critical value is 2, = 1,645 and the rejection region is = > 1.645. Using the

z-test, the standardized test statistic is

p-r

N pgin

(x/n

2
o
=}
S

The graph shows the location of (he
rejection region and the standardized test
statistic z. Because 7 is in the rejection
region, you should decide to reject the nujl
hypothesis. There is enough evidence at
the 5% level of significance to support the
claim that more than 55% of US. adults
t regularly watch a network news broadeast

Try It Yourself 3

The Pew Research Center claims that more than 38% of U.S. adults regularly
watch a cable news broadeast. You decide to test this claim and ask a random
sample of 75 adults whether they regularly watch a cable news broadcast, Of the
75 adults. 33 respond yes. At a = 0.0L, is there enough evidence ta support the
claim?

a, Verifvthat np = Sand ng = §

b. Jdentify the claim and state H, and H,.

¢ Identify the level of significance a,

d. Find the critical value z, and identify the rejection region.

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

f. Decide whether to reject the null hypothesis. Use a graph if necessary.
g Is there enough evidence to support the claim?
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Basic Skills and Concepts

1. Explain how to test a population proportion p.

2. Explain how to decide when a normal distribution can be used to approxi-
mate a binomial distribution,

In Exercises 3-8, decide whether the normal sampling distribution can be used. ¥
it can be used, test the cleim 2bout the population proportion p for the given
values and level of significance a.

3. Claim: p # 0.25; @ = 0.05. Sample statistics: p = 0.239, n = 105
4. Claim: p = 0.30; @ = 0.05. Sample statistics: p = (.35, » = 500
5. Claim: p < 0.60; @ = 0.01. Sample statistics: p = 0.38, n = 35

6. Claim: p > 0.125; a = 0.01. Sample statistics: p = 0.2325, n = 45

7. Claim: p = 0.48: « = 0.10. Sample statistics: p = 040, n = 70

8. Claim: p = 0.80; & = 0.10. Sample statistics: p = 0.875, n = 400

Testing Claims In Exercises 9~14, (a) write the claim mathematically and
identify Hy and #,, (b} find the critical values and identify the rejection regions,
(c} find the standardized test statistic, and (d} decide whether to reject or fail to
reject the null hypothesis. Then interpret the decision in the context of the
original claim.

9. Smokers & A medical researcher says that at least 25% of U.S. aduits are
smokers. In a random sample of 200 US. adults, 24.5% say that they
are smokers. At a = 0.01, do you have enough evidence to reject the
researcher’s claim?

10. Do You Eat Breakfast? & A medical researcher estimates that no more
than 55% of U.S. adults eat breakfast every day. In a random sample of 250
US. adults, 564% say that they cat breakfast every day. At a = 0.01, is
there enough evidence 1o reject the researcher’s claim? vs

11. Environmentally Conscious Consumers 4 You are employed by an envi-
ronmenlal conservation agency that recently claimed more than 30% of
U.S. consumers have stopped buying a certain product because the manu-
facturing of the product pollutes the environment. You want to test this
claim. To do so, you randomly select 1030 U.S, consumers and find that 32%
have stopped buying this product because of pollution concerns. At
@ = 0.03. can you support the claim?

12. Just Say No to GMO 4 An environmentalist claims that more than 0%
of British consumers want supermarkets to stop selling genetically modified
foods. You want to test this claim. You find that in a random sample of 100
British consumers, 53% say that they want supermarkets to stop selling
genetically modified foods. At & = 0.10, can you support the environmen-
talist’s claim?
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jith Two Samples

In Sections 8.1 and 820 vou performed twossample hvpothesis ©osts with
independent sumpies using the wst statistic xp — v (the differencs in qhe

meany af the twa samples) To perform a hwo-sample hypotiesis test with
dependent samples. you will use a diffcrent technique, You will fii- find the

dilterence for cach dita it

stic is the mean of these differences.

T conduet the wst the following conditions are required

1. The samples must he randomly selected

20 The samples must be dependent {paired).

3. Both populations must he normally distributed

e mean of
the dilferences of the paired data entries in the dependent sicples. has &

I these requirements ave niet. then the sampling distribution for o

edistribunion with i = 1 degrees of freedom.where o is the number - data pairs,

//\

Vi tollow g symbols e tsed Tor The 6

Deseription

| Symbol

4
" Tt nwmber of pairs ol data
ol ! The difference between entries lor a data pair. ¢ b
ey ‘ T hypothesized mean of the differences of puire  rain the
popuiaton
o Ihe mean of the dhfferences beiseen the paired dat. tries in

the dependent samples

viation af the d ces hetween

e entnes is e dependent saneples
Ny |

1

e miven for the mena and stands deviation o

o stallstics

mobign ool e et
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¥ n > 29,use the |

{sc}inthe t-distribution

able.

TION 8.2 Testing the Difierence Between IMeans (Dependert Samples) 413

Beciuse the

sampling distribution for d is a r-distribution. vou can use

for u population ot

-test 1o test & claim about the mean of the dificrer

paed data.

+-Tast for the

A t-test can be used 1o test the difference of two population means when
asample is randomly selected from each population. To perform the test,
each population must be normal and each member of the first sample is
paired with 2 member of the second sample, The test statistic is

—_—

d===

n

ergnce Betw o s

and the standardized test statistic is

d -y

The degrees of freedom are

d. #= s

Using the t-Test for the Difference Between Means
(Dependent Samples)

In Wordy in Symbols

1. Identify the claim. State the nu!l and State H, and H,

the alternative hypotheses.

2. Specify the level of significance. Identily a.
3, Identifyv the degrees of freedom. di.=n-1
4. Find the critical value(s). Use Table Sin

Appendix B,

n

Identily the rejection region(s).

6. Calculate d and y,. Use a table.

7. Calculate the standardized test statistic.

8. Make a decision to reject or fail 1o
reject the null hvpothesis.

1f ris in the rej
region. reject H,. Other-
wise. do not reject H,

9. Interpret the decision in the context
of the original claim.
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See Minitab .\lcﬂ 2

The t-Test for the Difference Between Means

. A golf club manufacturer claims that golfers can lower their scores by using the
Sﬂidy T}? manufacturer’s newly designed zolf clubs. Eight golfers are randomly selected
and each is asked to give his or her most recent score, After using the new clubs
for one month, the golfers are again asked to give their most recent score The
scores for each golfer are given in the table below. Assuming the golf scores are
normally distributed. is there ¢nough evidence to support the manufacturers
claim at & = 0,107

o technology
parform a
1 the differ-

You Gan aiso us
and a P-value to
is test foi
hypothesis tes!
ppetween means. For
e 2,you

ence e
instance, in Examp’

can enter the data in Mimra: B §
snown on page 430}an Golfer e e[ 45 | 5] 38

‘fsd p ~ 0080, Because ; " - ol |

0% e, you should decide ©o Seore (old dusign) | 59 BRI e

iect the nuil hypothesis. 5 7 5 = i I

reject Score (new design) | 83 83 | 02 | 8¢ |7 [ 9|0 |

SOLUTION  The claim is Lthat “golfers can lower their scores”™ In other words,
the manufacturer claims that the score using the old clubs will he areater than
the score using the new clubs. Each difference is given by

d = (old score) — (new score)
The null and alternative hypotheses are

Hiwo <0 and  Hg gy > 0, Cluin

Ol | New 4 & B?gnusc the lestis a ’ Al_—lmleq testoa = (L1 ,?nd df =8 -1 =7, the
e e | critical value is 1.415. The rejection region ts 1 > |
89 83 6 36 the lelt, you can calculate d and s follows,
84 | &3 | 1 1
96 92 | 4 16
82 Ad =2 4
o7 ~2 4 g 107
pez | o9t 1 L wn=n
85 Bit} 3 25 Using the r-test. the standardized test statistic is
9l ¢ o9l 0 0 -
o] " d=pwi 1
I = 3] T =37

The graph below shows the location of the rej
ized test sta

:ction region and the standard-
stic . Beeause £ s in the rejection region. you should decide o
reject the null hypothesis. There is enough evidence 1o support the golf club
manufacturer’s claim ai the 10% lev

The results of this test indicate that after
e significantly lower.
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Study Tip

If you prefer 1o use ate i

ology teo! for this Type of

test, enter the data in tHo

columns and form 2 third
column in which you calei
|ate the difference for each
pair. You €an now perform a
one-sample t-test on e
difference column as shown

in Chapter 7.

chi

SECTIGN 83 Testing the Differa

= Between Means (Depandent Samples) 415

Tivtt vourselt 2

A physician elaims that an experimental medication incy
heart rate. Twelve test subjec

1ses an individual's
s are randomly selected und the heart rate of cuch
is measured. The subjects are then injected with the medication and, alter one
hour. the heart rate of cach is measured again. The results are listed at the feft.
Assuming the heart rates are normally distributed. is there enough evidence 10
support the physician's claim at a = ()

03”

a. ldentify the claim and state 1, and H,
b. Specify the level of significance w and the degrees of frecdom d.f
¢ Find the critical value 1, and identifv the rejection region.
d. Calculate  and s,.
e. Use the i-test to find the standardized test statistic .

Decide whether ta reject the rull hypothesis. Use a graph if necessary.
. s there enough evidence to support the phys

-

o

an’s claim?

The 1-Test for the Difference Betweon Me

A state legislator wants 1o determine whether her voter's performance rating
(-100) has changed from last year to this year. The following table shows the
legislator’s performance rating for the same 16 randomly scliected voters for last
vear and this vear. At & = 0.01. is there enough evidence to conclude thal the
legislator's performance rating has changed? Assume the performance ratings
are normally distributed.

Voter 1 [ 2 T3 5] 67 | 89

i .|
Rating (last year) | 60 | 54 | 78 9 | 25 50 | 65
Rating (this year) | 56 | 48 | 70 85 a0 |40 | 5|

Voter Pl nfe s ]

Rating (last year) | 68 | &1

Rating (this year) | 80 | 75

SOLUTION  Ifthere is a change in the leislator's rating. there wil! be a difference
between “this year's™ ratings and “last vear's” ratings. Because the legislator
wanls (0 sce if there is a difference. the null and alternative hypotheses are

Hi pi=0
and
Hyowy # 00 Clam

Because the test is a two-tailed test. o0 = 0,01, and d.f = 16 ~ | = 15. the
critical values are —2.947 and 2.947. The rejection regions are ¢ < —2.947 and
(> 2947,
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CHAPTER &

Hypothesis Testing with Two Samples

Ustng the /-test. the standardized test statistic is

d =y

]

Fhe graph below show he rejection region and the standardized
test statistic 7. Because the rejection region. you should fail to reject the
null hypothesis at the 19 level. There is not enough evidence to cinclude that

the legistator's performance ruling has changed

1= =099

=0.005

A medical researcher wants to determine whether a drug chanies the body's
temperature. Seven test subjects are randomly selected and the body temperature
ot gach is measured. The subje wre then given the drag and. afier 20 minutes
the body temperature of cach is measured again. The results are listed below. Al
a = {08 ough evidence to conclude that the drug eh; s the body™

is there ¢

| V]2 4 | 5 i
! l [

994 | 089 |
(VSccuml |

T
|
! temperature | 99.2 | o84 log2 | 99 , 986 | 9.7 1 97.8 |

[ Subject

| nitial
| temperature | 1015 | 985 | 981 1.2

—+

a. Hdeatify the claim and state A and 11,

h. Specify the level of significance o and the d

© Find the eritical valaes and the rejection regio

L. Culeulate of and s,

e Cse the et o find the standardized test s

fo Decide whether to reject the null |.\]mlh:‘. s Use a graph it necessaty.

g Is there en S to conclude that the drug changes the body's
temperature at the specified fevel of signifieance?

ces of freedom dud.

atistic i





