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XXII — Inferences for Two Proportions
SOLUTIONS

1. A manufacturer has two factories producing Ipods. A random sample of 500 Ipods from the
first factory revealed that 44 were defective, whereas a random sample of 600 Ipods from the
second factory revealed that 27 were defective.

a) Construct a 99% confidence interval for the difference between the proportions of
defective Ipods at the two factories.

Step 1~ Assumptions: 1, =500 > 20 n, =600 > 20
np, =445 np,=27>5
ng, =456 > 5 g, =573>5

The samples are independent.
Step 2 a) Test statistic: z
b) Level of confidence: 1—a =0.99 or  =0.01
Step 3 Point estimate : p, — p, =0.0880—0.0450 = 0.0430

Step4  a) z, =z, =2.58

~

b) E=z P4y +ﬁ2qu

n n,
_ 2.58\/0'088.0'912 N 0.045-0.955 00393
500 600

c) (ﬁ1_ﬁ2)_E<p1_p2<(ﬁ1_ﬁ2)+E
0.0430-0.0393 < p, — p, <0.0430-0.0393

0.0037 < p, — p, < 0.0823

Step 5  The 99% confidence interval for the difference between the proportions of
defective Ipods at the two factories is 0.37% to 8.23%.
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b) At the 1% level of significance, can you conclude that the proportion of defective
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Ipods is higher in the first factory than in the second? Try with both approaches, the
classical and the p-value.

Classical Approach
Step 1 Assumptions: 7, =500 > 20 n, =600 > 20
nmp, =44>5 n,p,=27>5
nq, =456>5 n,q, =573>5

The samples are independent.
Step 2 Hy:p—-p,=0
H,: pp—p,>0
Step3  a) Test statistic: z
b) Right-tailed test with o = 0.01

C) z, =2y, =233 0.01
Step 4 a) ﬁp = sggiégo = % = 006455 .[I) 233 z
4 27 2.59
b) z= W00 =289

h-b  _

JB,a, () e i (s + o)

Step5  a) z is in the critical region
b) Reject H,,.
.. There is sufficient evidence at the 1% level of significance to conclude
that the proportion of defective Ipods is higher in the first factory than in the

second.
p-value approach
Step 1 Assumptions: 1, =500 > 20 n, =600 > 20
np, =44>5 n,p, =27>5
nq, =456 >5 n,q, =573>5

The samples are independent.
Step 2 Hy:p—-p,=0
H,: pp—p,>0
Step3  a) Test statistic: z
b) Right-tailed test with o = 0.01
Step4  a) p, =ztas = g = 0.06455 .

5004600 — 1100 z

44 27

b) z= 131 — ]52 — 500 600 =2.89
VB, () e 1 (50 + o)
c) p-value = P(z >2.89)=1-0.9981=0.0019
Step5  a) p-value =0.0019 < o =0.01
b) Reject H,,.
.. There is sufficient evidence at the 1% level of significance to conclude

that the proportion of defective Ipods is higher in the first factory than in the
second.
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2. In asurvey of working parents (both parents working), one of the questions asked was “Have
you refused a job, promotion, or transfer because it would mean less time with your family?”
Two hundred men and 200 women were asked this question. Fifty-eight men and forty-eight
women responded “yes”.

a) Construct a 90% confidence interval for the difference in the proportion of men and
women who answered “Yes”.

Step 1

Step 2

Step 3

Step 4

Step 5
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Assumptions: n,, =200 > 20 Ny Dy =58>5 n,q, =142>5
n, =200>20 Ny, Dy =48 >5 Ny qy =152>5
The samples are independent.

a) Test statistic: z

b) Level of confidence: 1-a =0.90 or o =0.10

) ) . R 58 48 10
Point estimate : — = - = =0.05
Pu=Pr =500 200 200

a) 2y = Zs =1.645

Zz

1
-l.e4s O 1.645

b) E=z, Dudu | Prln _y g4s |30 , 205 _ o 0705
N o,  n, 200 200
C) (ﬁM_ﬁW)_E<pM_pW<(ﬁM_ﬁW)+E
0.0500—0.0725 < p,, — p,, <0.0500+0.0725
~0.0225< p,, — p,, <0.1225

The 90% confidence interval for the difference in the proportion of men and
women who have refused a job, promotion, or transfer because it would
mean less time with their family is -2.25% t012.25%.
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b) Based on this survey, can we conclude that there is a difference in the proportion of
men and women responding “yes” at the 10% level of significance? Try with both
approaches, the classical and the p-value.

Classical Approach
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Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: n,, =200 > 20 Ny Py =58>5 ny,q, =142>5
n,, =200 > 20 Ny Dy =48>5 Ny G,y =152>5
The samples are independent.

Hy: py—py=0

H,: py—py#0

a) Test statistic: z

b) Two-tailed test with o = 0.10
C) z, =2y =1.645

b) ﬁp = s = 405 =0.2650

S8 _ .48

b) 7= ﬁM_ﬁW — 200 200 :113

VB, (o) e Gt o)
a) z is not in the critical region
b) Fail to reject H,.
.. There is not sufficient evidence at the 10% level of significance to
conclude that there is a difference in the proportion of men and women who
have refused a job, promotion, or transfer because it would mean less time
with their family.

p-value approach

Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: n,, =200 > 20 Ny Dy =58>5 n,q, =142>5
n,, =200 > 20 Ny Dy =48>5 Ny G,y =152>5
The samples are independent.
Hy: py—py =0
H,: py—py#0
a) Test statistic: z
b) Two-tailed test with o = 0.10

S 58448 _ 106 _

a) pp_200+200_400_0'2650 -1.13 {Ij 1.13
L. S8 a8

b) z= Pu — Pw _ 200 — 200 -1.13

Vo, Gorit) V5 G )
c) p-value =2P(z<—1.13)=2-0.1292=0.2584

a) p-value =0.2584 > o =0.10

b) Fail to reject H,.

.. There is not sufficient evidence at the 10% level of significance to
conclude that there is a difference in the proportion of men and women who
have refused a job, promotion, or transfer because it would mean less time
with their family.
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3. A random sample 76 adults ages 18-24 showed that 11 had donated blood within the past
year, while a random sample of 156 adults who were at least 25 years old had 18 people who
had donated blood within the past year.

a) Construct a 95% confidence interval for the difference in the proportion of adults who
give blood for the two age groups.
Step 1 Assumptions: 7, ,, =76 > 20 Mg 2aDigns =11>5 Mg 50G1g 0s =65>5

N, =156>20  n,p, =18>5 G, =138>5

>25
The samples are independent.
Step 2 a) Test statistic: z
b) Level of confidence: 1—a =0.95 or a =0.05

Step 3
P Point estimate : pg ,, — Poys = % —% =0.0294

Step4  a) z, =z, =1.96

>

b) E:Za\/[alg—méls—ﬂ +ﬁ225‘?225 ~1.96. |2 72+
2 P-4 25 76

c) (1318—24 — Dans ) —E < Pig gy = Psoys < (1318—24 — Dans ) +E
0.0294 —0.0937 < pig 2y — Psps <0.029440.0937

~0.0643 < pyg_y, — Pors <0.1230

Step 5 The 95% confidence interval for the difference in the proportion of adults
who give blood for the two age groups is -6.43% to12.30%.
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b) Using a 5% level of significance, can you conclude that there is a difference in the
proportion of adults who donate blood in the two age groups? Try with both
approaches, the classical and the p-value.

Classical Approach
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Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: 7, ,, =76 > 20 Mg 5aDig 00 =11>5 Mg 5uqg s =05>5
Nn,,s =156 > 20 MoysPoys =18>5 NypsQsrs =138>5

The samples are independent.

Hy: pig oy = Dars =0

H,: pig o= Drs 70

a) Test statistic: z

b) Two-tailed test with o = 0.05

C) Z, =Zyps =1.96

7 ‘
A 11418 _ 29 _ 3 :
C) P, =it =355 =0.125 196 0 L.

11 18

b) z= ﬁ18—24 — 13225 _ 76 156 =0.63

VB, (i) BBl
a) z is not in the critical region
b) Fail to reject H,.
.. There is not sufficient evidence at the 5% level of significance to
conclude that that there is a difference in the proportion of adults who donate
blood in the two age groups.

p-value approach

Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: 7,4 ,, =76 > 20 Mg uPigos =11>5 Ry 50Gig 0, =65>5
N, =156>20  n,p, =18>5  n,G., =138>5

>25
The samples are independent.

Hy: pig o= Pars =0

H,: pigoy—Dors #0
a) Test statistic: z
b) Two-tailed test with o = 0.05
a) D, =705 = 35 = 0.125

T 764156 T 232

11 18

b) z= ﬁ18—24 - ﬁzzs _ 76 156 =0.63

\/ﬁpq"ﬁ ("181—24 + ”2125 ) \/%%(% +ﬁ)
c) p-value = 2P(Z < —0.63) =2-0.2643=0.5286

a) p-value =0.5286 > a =0.10

b) Fail to reject H,.

.. There is not sufficient evidence at the 5% level of significance to
conclude that that there is a difference in the proportion of adults who donate
blood in the two age groups.

Martin Huard 6



Math 510 XXII — Inferences for Two Proportions - Solutions

4. In a survey of on commuting habits, a random sample of 1242 homeowners revealed that
756 drove to works, and in a survey of 1106 renters, 467 drove to work.
a) Construct a 98% confidence interval for the difference in the proportion of
homeowners and renters who drive to work.
Step 1 Assumptions: n,, =1242 > 20 n,p, =756>5 n,q, =486>5

n,=1106>20  n,p, =467>5 Ny, =639>5

The samples are independent.
Step 2 a) Test statistic: z
b) Level of confidence: 1-a =0.98 or a =0.02

0.98
Step 3 Point estimate : Dy —Pr = %__1416076 =0.1865 0.01 0.01

Step4  a) z, =z,,, =2.33 0 2

-2.33

by E=z, [Pudu Pads 533 |EB15 Tt _ g 0473
A on,  n, 1242 1106

C) (ﬁH_ﬁR)_E<pH_pR<(ﬁH_ﬁR)+E
0.1865-0.0473 < p,, — pp <0.1865-0.0473

0.1392< p,, — pg < 0.2339

Step 5  The 98% confidence interval for the difference in the proportion of
homeowners and renters who drive to work is 13.92% to 23.39%.
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b) At the 2% level of significance, test the claim that the proportion of homeowners
who drive to work is higher than the proportion of renters? Try with both approaches,
the classical and the p-value.
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Classical Approach
Step I Assumptions: n,, =1242> 20 n,py =756>5 n,q, =486>5
n, =1106> 20 Nepp =467>5 Neqr =639>5
The samples are independent.
Step2 Hy: py—pp=0
H,: py—pp>0
Step3 a) Test statistic: z
b) Right-tailed test with oo = 0.02
C) z, =2y, =2.05 0.02
Step 4 a) p, =L = 12 = 0.5209 0 e
b) ro—PuPn ___ Bbiis g3
Jo, (v l) B G+ i)
Step5 a) zis in the critical region

b) Reject H,.

.. There is sufficient evidence at the 2% level of significance to conclude
that the proportion of homeowners who drive to work is higher than the
proportion of renters.

p-value approach

Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: n,, =1242> 20 n,py =756>5 n,q, =486>5

n, =1106> 20 Nepp =467>5 Neqr =639>5
The samples are independent.
Hy: py—pp=0

H,: py—pg>0
a) Test statistic: z
b) Right-tailed test with oo = 0.02
a) ﬁ — 156467 _ 1223 _ () 52()9
) .

T 1242+1106 T 2348

756 __ 467

b) z= ﬁH_ﬁR _ 1242 1106 =9.03

A A 1 1 1223 1125( 1 1 )
\/qup (EJFQ) 2345 2348 \ 1242 T 1106

c) p-value = P(z > 9.03) =0.000 :

a) p-value =0.000 < o =0.02

b) Reject H,.

.. There is sufficient evidence at the 2% level of significance to conclude
that the proportion of homeowners who drive to work is higher than the
proportion of renters.
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5. A random sample of 2000 American adults showed that 658 had a college degree. Another
sample of 1500 Canadians revealed that 542 had a college degree.
a) Construct a 94% confidence interval for the difference in the proportion of Canadians
and Americans who have a college degree.
Step 1 Assumptions: n, =2000 > 20 n,p,=658>5 n,g,=1342>5

ne=1500>20  n.p.=542>5 neG. =958 >5

The samples are independent.
Step 2 a) Test statistic: z
b) Level of confidence: 1-a =0.94 or a =0.06

0.98
Step 3 Point estimate : De—Py= %__2605080 =0.0323 0.01 0.01

Step4 d) z, =z,,,=1.88 0 2

-2.33

o) E=z, |Pada, Pele _ gg st , Bt _ o 0306
N\ on,  n 2000 1500

f) (ﬁc_ﬁA)_E<pC_pA<(ﬁc_ﬁA)+E
0.0323-0.0306 < p. — p, <0.0323+0.0306

0.0017 < p. — p, < 0.0629

Step 5  The 94% confidence interval for the difference in the proportion of
Canadians and Americans who have a college degree is 0.17% to 6.29%.
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b) Using a 4% level of significance, can we conclude that the proportion of Canadians
who have a college degree is higher than the proportion for Americans? Try with both
approaches, the classical and the p-value.
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Classical Approach
Step 1 Assumptions: n, = 2000 > 20 n,p,=0658>5 n,g,=1342>5
n. =1500 > 20 ne.p. =542>5 neq. =958>5
The samples are independent.
Step2  H,: p.—p,=0
H,: pc—p,>0
Step3 a) Test statistic: z

Step 4

Step 5

b) Right-tailed test with o = 0.04
C) z, =2y =1.75

.04
A 6584542 _ 1200 _
b) Py = 300041500 = 3500 0.3429
0] 1.75
~ ~ 542 _ 658
- - 1.99
b) z= Pc— P4 _ 1500 — 2000 ~1.99

VB, (k) 3 (o + a0m)
a) z is in the critical region
b) Reject H,.
.. There is sufficient evidence at the 4% level of significance to conclude
that the proportion of Canadians who have a college degree is higher than
the proportion for Americans.

p-value approach

Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: n, =2000 > 20 n,p,=0658>5 n,g,=1342>5
n. =1500 > 20 ne.p. =542>5 neq. =958>5
The samples are independent.
Hy,: p.—p,=0
H,: pc—p,>0

a) Test statistic: z
b) Right-tailed test with oo = 0.04
d) p, =588l — 100 _() 3479

p ~ 2000+1500 ~ 3500

542 658

e) z= Pc— Py _ 1500 — 2000 —~1.99
A A 1 1 1200 2300( 1 1 )
\/ppqp (,TC+E) 3500 3500 \ 1300 T 2000

f) p-value = P(z > 1.99) =1-0.9767 =0.0233

a) p-value =0.0233 <a =0.04 0 1.99
b) Reject H,.

.. There is sufficient evidence at the 4% level of significance to conclude
that the proportion of Canadians who have a college degree is higher than
the proportion for Americans.
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6. A researcher conducted a survey of 880 adult drivers. Eight hundred sixty-two of the drivers
acknowledged that running red lights is hazardous. Another sample of 240 adult drivers
showed that 106 said they do not run red lights.

a) Construct a 95% confidence interval for the difference in the proportion of drivers
who label running red lights as hazardous and the proportion of drivers who do not
run red lights.

Step 1 Assumptions: n,,, =880 > 20 Myt Diaper =862>5 1y Gy =18>5

n =240>20  n_p =106>5 n G =134>5

The samples are independent.
Step 2 a) Test statistic: z
b) Level of confidence: 1—a =0.95 or a =0.05

Step3  Point estimate : p.—p, = 862 106 0.5379

880 240

Step4  g) z, =z, =1.96

h) E =z, ﬁlabelélabel + ﬁmnémn — 196 %_’_% — 00635
N\ ong,, n 880 240

run

1) (ﬁlabel _ﬁmn ) _E < plabel _prun < (ﬁlabel _ﬁmn ) + E
0.5379-0.0635< p,,, — p,.. <0.5379+0.0635

0.4744< p,, —p, <0.6014

Step 5  The 95% confidence interval for the difference in the proportion of
Canadians and Americans who have a college degree is 47.44% to 60.14%.
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b) At the 5% level of significance, test the claim that the proportion of drivers who label
running red lights as hazardous is greater than the proportion of drivers who do not
run red lights. Try with both approaches, the classical and the p-value.

Classical Approach
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Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: n,,,, =880 > 20 Myt Praver =802>5 1y G =18>5
n,, =240>20 Ny Pyun =106 >5 Gy =134>5

The samples are independent.
HO : plabel _pmn :O
HA : plabel _pmn > O
a) Test statistic: z
b) Right-tailed test with o = 0.05

) z, =2y =1.645 0.04
A 8624106 _ 968 _ :
c) P, = 8304240 = 1120 =0.8643 0 173
s _ & 862 _ 106 =12
b) z= Piabel ~ Prun _ 880 — 240 ~21.57
-~ A 968 152 (1 , 1
\/ppqp (n[albd +ﬁ) 1120 1120(880 + 240)

a) z is in the critical region

b) Reject H,.

.. There is sufficient evidence at the 5% level of significance to conclude
that the proportion of drivers who label running red lights as hazardous is
greater than the proportion of drivers who do not run red lights.

p-value approach

Step 1

Step 2

Step 3

Step 4

Step 5

Assumptions: n,,,, =880 > 20 My Praver = 802>5 1y G =18>5
n,, =240>20 Ry Pyun =106 >5 Gy =134>5

run

The samples are independent.
HO : plabel _prun = 0
HA : plabel _prun > 0
a) Test statistic: z

b) Right-tailed test with oo = 0.05
— 8624106 _ 968 _ () 8643

) P = 8804240 = T120

862 106

h) 7= ﬁlabel_ﬁrun _ 880 240 :2157

\/ﬁpél’ (”Ialbpl +ﬁ) \/%%(ﬁ*_%)
i) p-value = P(z>21.57)=0.000
a) p-value =0.000 < a =0.04

b) Reject H,. 0 21.57

.. There is sufficient evidence at the 5% level of significance to conclude
that the proportion of Canadians who have a college degree is higher than
the proportion for Americans.
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7. What is wrong with this statistical project?

Mary wants to know if the proportion of students who have used illicit drugs within the past
year is significantly different from the proportion of students who are in favor of legalizing
marijuana. For this, she selects 50 students at random and asks each of them if they have
used illicit drugs within the past year and, also, if they are in favor of legalizing marijuana.
She then applies the hypothesis test introduced in this section to the results she obtains.

The samples are dependent since each student answers both questions.
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