Chapter 8 Solutions

Solutions to Section 8.1

8.1 (a) Matched pairs.
(b) Independent samples.
(c) Matched pairs.
(d) Independent samples.

(a) Experimental.
(b) Observational.
) Experimental.
)

(c
(d) Experimental.

(a) Matched pairs.
(b) Matched pairs.
(c) Independent samples.

(d) Independent samples.

(a) Observational.
(b) Observational.
(c) Observational.
(d) Experimental.

Solutions to Section 8.2

8.5 (a) The clouds in each group are not matched to one another on some characteristic.

(b)

Ordered Unseeded Cloud Rainfalls
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8.6

8.7

8.8

Seeded cloud rainfalls tend to be larger than unseeded cloud rainfalls.

(a) The ball bearings from each line are not matched on any characteristic.

(b)

Q-Q Pilot of Ball Bearing Measurements
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Ordered Diameters for First Line

The second production line tends to have larger diameter ball bearings.

(a) The two different types of eyes are or belong to the same person.

(b)

Scatterplot of Corneal Thicknesses
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Eye Affected by Glaucoma
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The pairs tend to lie pretty close to the 45 degree line through the origin. Eyes with ;
glaucoma do not appear to have thicker corneas than unaffected eyes.

(a) The two viruses are applied to the same leaf, which makes each leaf a block.
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Scatterplot of Tobacco Leaf Lesions
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The pairs tend to lie below the 45 degree line through the origin. Virus 1 tends to
produce more lesions than virus 2.

, Solutions to Section 8.3
| ‘ 8.9 (a) The pooled SD is

(ny —1)s? + (np — 1)s3 (21 —1)4.5+ (21 — 1)2.0
s= = = 1.803.
ny+ng—2 21 +21 -2

Then a 95% CI for p; — p2 is given by:

_ 1 1 9
T — g% tn,1ny—2,0/259 f - + o =8— 6.5 +£2.021 x 1.803\/ TR [0.376,2.625].

Since the CI does not contain 0, we reject Ho and conclude that there is a significant
difference between the two filters.

(b) Since

2 2
_ 81 _ 45 _ _s3_20
wy = ™ =57 = 0.463 and wq = . =357 = 0.309,

the degrees of freedom are

| L, = (w1 + w2)?
w?/(n1 — 1) +w§/(n2 — 1)
(0.463 + 0.309)2
(0.463)2/(21 — 1) + (0.309)2/(21 — 1)
= 34.845 =~ 35.

Then a 95% CI for u1 — ps is given by:

2 2 15 20
F-g+ ty,a/z\/% + :TZ' = 8- 6542032 x /5 + 57 = [0.392,2.608]

The results are similar, indicating that the assumption of equal variances is reasonable.

8.10
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Using £ = 0.0164, § = 0.0243, s; = 0.0047, s3 = 0.0051, n; = 15, and ny = 10, the pooled
SDis

(n1 — 1)31 + (n2 — 1)32 (15 — 1)(0.0047)2 + (10 — 1)(0.0051)2
= 0.0049.
ny+ng—2 15+10-2

Then a 95% CI for pu; — u2 is given by:

- = 1 1
95% Cl: = Z—gxi, 1n,_20/28 a + ;L;

= 0.0164 — 0.0243 + 2.069 x 0.0049,/ 1, 11—0
= [-0.0120, —0.0037].

Since the CI does not contain 0, we reject Hy and conclude that there is a significant
difference between the average dopamine levels of the two groups of patients.

8.11 (a) Using Z = 12.0026, ¥ = 12.0143, s1 = 0.0079, s = 0.0132, n; = 10, and ny = 5, the
pooled SD is

\[(nl —1)s2 + (ng — 1)32 (10 — 1)(0.0079)2 + (5 — 1)(0.0132)2
n +ng — 2 10+5-2

= 0.0099.

Then the test statistic is

T—g _ 12.0026 —12.0143
L+ 000005 +1
Since |t| > tip45-2,0/2 = 2-16, we reject Ho and conclude that there are significant
differences between the methods.

- (b) Since
2 2 2 2
_ st _ (0.0079)% _ 2 _ s (0.0132)° 9
== 10 (0.0025) and wp = . 3 = (0.0059)“,
the degrees of freedom are
(w1 + wg)?
v.= 73 2
wi/(n1 — 1) +w3/(n2 — 1)
((0.0025)2 + (0.0059)2)2
(0.0025)4/(10 — 1) + (0.0059)4/(5 — 1)
= 5.481 = 5.
The test statistic is
o BT ROM_BUS g,
\/ a+3 \/ 0 T 5

Since |t| < ts,.025 = 2.571, we do.not reject Ho at a = 0.05. This is the opposite
conclusion as that obtained from assuming equal variances.

-120-



()

8.13 (a)

(b)

8.14

Since

2 2
_ 87 _2.681 _ s 2551
w; = ——nl =55 = 0.103 and we = _nz =26

the degrees of freedom are

= 0.098,

(w1 + wy)?
wi/(n1 — 1) + w}/(n2 — 1)
(0.103 + 0.098)2
(0.103)2/(26 — 1) + (0.098)2/(26 — 1)
= 49.969 ~ 50.

The test statistic is
T—-g§ _ 3.995-5.136

t= = —2.544.
JiE VR

Since |t| > ¢s0,.025 = 2.011, we still reject Hy. The conclusion is the same as that obtained
from assuming equal variances, indicating that the assumption of equal variances is
reasonable.

Using Z = 1.194, § = 1.406, s? = 0.084, s% = 0.183, and n; = ny = 10, the pooled SD is

o \/(Tzl — 1)s? + (np — 1)s3 _ \/(10 —1)0.084 + (10 — 1)0.183

1+ 7 — 2 10+10-2 = 0.366.

Then a 95% CI for p; — ps2 is given by:

[1 1 2
2= Gt tnymy 2,029 7 + - = 11194 — 1406 + 2101 x 0.3661/ 1g = [-0.556,0.132].

Since the CI contains 0, we accept Hy and conclude that there is no significant difference
between the mean diameters of the two production lines.

Since
: ) )
wr =1 =20 (0084 and wp = 52 = 228 1s3,
ny 10 ] 10
the degrees of freedom are
- @ulﬁ-ua)z
w}/(n1 — 1) +wj/(ng — 1)
_ (0.0084 + 0.0183)2
~ (0.0084)2/(10 — 1) + (0.0183)2/(10 — 1)
= 15.809 ~ 16.

Then a 95% CI for u; — ps is given by:

2 s2 0.084 0.183
F-g+ tu,am/;—i + :Tz = 1.104 — 1.406 £ 2120 x 1/ —— + —r== = [~0.560,0.136)]

The results are similar, indicating that the assumption of equal variances is reasonable.
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(a) A 95% CI for p4 — up, where A =August and D =December, is given by
Za—Zp ttn_10/284/Vn = 27.5 — 25.5 £ 2.064 x 2.0/V24 = [1.157,2.843].

Since this CI does not contain 0, we conclude that August had significantly higher IPM
than December.

(b) A 95% CI for g — pup is given by
Za —Zp % tn_1,0/284/Vn = 37.3 — 30.6 £ 2.064 x 13.0/v/24 = [1.223,14.177).

Since this CI does not contain 0, we conclude that August had significantly higher PIT
than December.

higher in August, one would conclude that the efficiency must be much higher during
regular volume months.

8.15 (a) Ho:pup—pa=0vs. Hy:pp—pa >0, where B =Before and A =After. Using d = 0.54
and sq = 1.016, the test statistic is

e d—0 _ 054-0
sa/v/n  1.016/4/10

Since ¢ > t10~-1,0.10 = 1.383, we reject Hy at level o = 0.10, and conclude that insulated
houses have a lower energy consumption.

= 1.681.

|
|
|
|
‘ (c) Since both the number of items processed ber minute and the percent of idle time are
|
!
f
|

(b) Temperature: A warmer second winter could confound the insulation effect. Thermostat
setting: If different settings are used, then the results could be affected.

| 8.16 (a) Using d = —4 and sg = 10.744, the test statistic is
l

_d-0 _ -4-0
safv/n 10.744/v8

t —1.053.

|
: Since || < tg—1,0.05 = 1.895, do not reject Hy at level o = 0.10, and conclude that the
‘ : average corneal thicknesses are unaffected by glancoma.
\

(b) A 90% CI for u; — p2 is given by
‘ dt ty_1o/a8a/v/n = —4 % 1.895 x 10.744/v/8 = [~11.198,3.198].

| 8.17 (a) Using d = 4 and sq = 4.309, the test statistic is

_d-0  4-0
sa/v/n 4.309/v/8

Since ¢t > ts—1,0025 = 2.365, we reject Hy at level @ = 0.05, and conclude that the
average number of lesions on tobacco leaves is different between the two types of viruses. .

(b) A 95% CI for p1 — p2 is given by
d+tn_1 a/a8a/Vn =4+ 2365 x 4.309/v8 = [0.397,7.603].

t 2.625.

Solutions to Section 8.4

8.18
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8.19

8.20

8.21

8.22

The test statistic is

2 (2.3)2
F=1= "0 =4372
s3  (1.1)2
Since F > fgzg0.05 = 3.44, reject Hy and conclude that the new oven provides more even
heating.

Using the log transformed data, s? = 2.681 and s2 = 2.551. Also, fa525,0.025 = 2.230 and
f25,25’0.975 = 1/2230 = 0448 Then a 95% CI for 0'%/0’% is given by

1 s 1 s_"l’_[l L2681 1 2681
f25,25,0.025 sg,f25,25,0,975 S% T 12.230 7 2.551°0.448 ~ 2.551

} = [0.471,2.344].
Since this interval contains 1, we can recommend using the pooled variance t-test.

The test statistic is

= — = ~— = 2.25.
s5 2.0

Since F > f20,20,0.05 = 2.12, reject Hp and conclude that the variances are unequal. There-
fore, one should use a t-test with separate variances to test the equality of means.

s? 45
2

The sample variances are s3 = 0.000063 and s2 = 0.000175. Also, fo 4005 = 5.999 and
fo.4,0.95 = 1/ 49,005 = 0.275. Then a 90% CI for o%/0% is given by

1 0.000063 1 0.000063

1 s 1 &
[ Fonoos 2 fonnes 2| [5.999 X 9.000175° 0.275 < 0.000175 — 10060, 1.308].

Since this interval contains 1, we can recommend using the pooled variance t-test. But the
results using the pooled variances and separate variances ¢ differed, so it would be better to
use separate variances .

The test statistic is

Since F < fg,9,0.025 = 4.026, do not reject Hy and conclude that the variances are equal.

Solutions to Chapter 8 Advanced Exercises

8.23 (a) The pooled SD is, using H =High fiber diet and L =Low fiber diet,

= 0.686.

B \/ (ng —1)s¥ + (np — 1)s3 \/ (20 — 1)(0.73)2 + (20 — 1)(0.64)2
s= ng +ng — 2 = 20 + 20 — 2

Then a 95% CI for pg — pr is giveﬁ by:

_ _ 1 1 92
.'L‘H—zL:‘:th.*,nL_z,a/gSME + E = 4.44—-4.46+:2.021 x 0.6861/ 0= [—0.459,0.419].

Treating the data as independent samples, the high and low fiber diets are not signifi-
cantly different. :
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(b) Since the CI contains pg = 0.10, do not reject Hp at a = 0.05. The monitoring of the
trainee should be continued at the same rate.

9.4 (a) With an a priori estimate of p = 0.01,

B Mz,h,_(l.gﬁ)z _
n= ( Z ) 78" = (5o ) (0-01)(0-99) = 9507.96 or 9508.

Therefore, 9508 parts should be sampled.
With no prior estimate of p,

- (22 e = (2 _
n = ( G ) 7 = 5002 (0.5)(0.5) = 240100.
Therefore, 240,100 parts should be sampled.

(b) To ensure a sufficient number of defectives, sample the process until a specified number
of defectives are found, so that n would be variable. This is called inverse sampling, as
opposed to typical sampling where a fixed number of parts are selected.

9.5 (a) Hp:p=.465 vs. Hy:p > .465. The alternative is one-sided because the quarterback is
interested only in improvement of his pass completion percentage.

|

(b) Using p = 82/151 = 0.543, the test statistic is }
|

,o P—po _ 05430465 ;

Vpogo/n  +/(0.465)(0.535)/151 |

The P-value is |
P =1-®(1.923) = 0.0274. |

Since P < a = 0.05, reject Hp and conclude that there is significant improvement in his

pass completion percentage.

(c) Set

1.923.

3 5 — 0.465 .
4/(0.465)(0.535) /151"

2p.025 = 1.96

a.nd solve for p. This yields

N
p =0.465 + 1.96'\/ W = 0.5445.
151
\
\

He should have completed np = 151 x 0.5445 = 82.23 or 83 completed passes to demon-
strate siginificant improvement at a = 0.05.

9.6 (a) For sensitivity, p = 0.8 since 80 out of 100 high risk patients were correctly identified.
Then a 90% CI for the sensitivity of the test is given by

53 8)(0.2 :
pt1.645¢/ 2L = 0.8 +1.645 08)0-2) _ 15734, 0.8686].
n 100

i
|
|
!
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(b) For specificity, # = 0.92 since 184 out of 200 non high risk patients were correctly
identified. Then a 90% CI for the specificity of the test is given by

P+ 1.6451/% = 0.92 £ 1.645 @32)0(_50_& = [0.888,0.952].

97 (a) Hy:p=.8vs. H:p> .8
(b) Using = 46/50 = 0.92, the test statistic is

g= bR _ 082-08 _, .

= Jmowo/n  J(08)(0.2)/50

The P-value is
P =1-8(2:121) = 0.017.

Since P < a = 0.05, reject Hy and conclude that the new method is more accurate than
the current method.

9.8 (a) If the true accuracy were p = 0.9, the power would be

& [(P — po)vn — za\/POQO] _

7(0.9) Wi

- 3 [(0.9 —0.8)v/50 — 1.645 (0.8)(0.2)}
V(09)(0.1)
= &(0.164) = 0.5636.

(b) To obtain a power of at least 1 — 8 = 0.75,

n = [za\/l’0¢10+zﬂ\/pl¢I1]2

3
_ [1.645,/(08)(0:2) + 0.675/[0.9)(0.1) |
= 0.0—-08
= 74.05 or 75.

Therefore 75 patients should be tested.

For a power of at least 1 — 8 = 0.8 in detecting a 2 percentage point shift from equally |

9.9
favored candidates,

[Za/2¢p040 + Zﬂ¢p141] 2
=
[1.96\/ (0.5)(0.5) + 0.84,/(0.48)(0.52) } 2

0.02

= 4897.6 or 4898.

If 2500 voters are actually sampled, the power would be
F (p — Po)V/n — Za+/Pago
VPia
o [0.02\/2500 —1.96,/(0.5) (0.5)]

. /(0.52)(0.48)
. = ©(0.040) = 0.5160.

7(0.52) =
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Solutions to Section 9.2

9.10 The hypotheses are

9.11

9.12

Hy:py=pavs. Hi:py # P2

A two-sided alternative is appropriate here because we are interested in detecting a change,
but we do not have any prior knowledge about the direction of that change. Using p; = 0.40,
po = 0.48, n; = ng = 1000, the test statistic is

; = P1— P2
B+ a2
B 0.40 — 0.48
- \/go.4o)go.s’o) + (048)(0.52)
1000 1000
= —3.615.

Since |2} < zo/2 = 1.96, reject Ho and conclude that there has been a change in opinion.

The hypotheses are
Hy:py =p2 vs. Hy:p1 # p2.

A two-sided alternative is appropriate here because we are interested in detecting a change,
but we do not have any prior knowledge of the direction of that change. Using ; = 17/482 =
0.0353, P2 = 29/503 = 0.0577, n; = 482, and np = 503, the test statistic is

P1—P2

Piq1 D29g2
ni + n2

0.0353 — 0.0577
\/ {0.0353)(0.9647) + (0.0577)(0.9423)
432 503

= -1.674.

z =

The P-value is
P =2(1—-%( —1.674])) = 2 x 0.0475 = 0.095.

Since P < a = 0.10, reject Hp and conclude that there has been a change in the proportion
of students recognized as National Merit scholars.

The hypotheses are
Hy :p; = pp vs. Hy :pl # pa.

For the vitamin C group, the proportion catching cold is §; = 17/139 = 0.122. For the
placebo group, the proportion catching cold is 2 = 31/140 = 0.221. Then the test statistic
is .

p1— P2

By BE

0.122 — 0.221
\/@.122)(0.87& + (0.221)(0.779)
139 140

= —2.212.




The P-value is
P=2(1- (| - 2.212))) = 2(0.0136) = 0.0272.

Since P < a = 0.05, reject Hy and conclude that taking vitamin C reduces the incidence
rate of colds compared to a placebo.

9.13 (a) Ho:pr=pavs. Hy:p, # P2, where p; refers to the proportion of male faculty with an

\
i M.D. degree and p; refers to the proportion of female faculty with an M.D. degree. Use
1 Fisher’s exact test.

(b) Let X be the number of M.D.’s from the male sample and let Y be the number of M.D.’s
from the female sample. The lower and upper P-values are given by

P, = P(X<5X+Y =8)
z (71_1) n2

— Z 1 nm-z

=0 (m)
6ys 9

_ 25: (i) E?‘i)
=0 (8)

9 + 216 + 1260 + 2520 + 1890 + 504

= 6435 =0.799.

By = PX>25X+Y =8)

. 5. (9%

| "L

=5 8

| _ 504436
6435

= 0.084.

Then the P-value is
;‘ ‘ P= 2min(py,py) = 2 x 0.084 = 0.168.

Since P > a = 0.05, do not reject Hy and conclude that there is no significant difference
between the proportions of male and female M.D.s.

9.14 (a) Ho:p1 =ps vs. Hy : py # po, where p1 refers to the propotion of normal patients with
low excretion and p, refers to the proportion of diabetic patients with low excretion.
Use Fisher’s exact test.

| (b) Let X be the number with low excretion from the normal sample and let Y be the

| number with low excretion from the diabetic sample. The lower and upper P-values are
| given by

PL = PX<10[X +Y = 14)
— Z(i)(’%m—i

=2 )
12y/ 12 *
_ io: ( i ) (14—12)
. (24
=2 14
66+ 2640 + . .. + 3260

= 1961256 = 0.999.
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Py = P(X>10|X+Y =14)
12 (12)( 12
i

= > - b
i=10 (14)
32670 + 2640 + 66

1961256 = 0.018.

Then the P-value is
P = 2min(pz,py) =2 x0.018 = 0.036.

Since P < o = 0.05, reject Hp and conclude that there is a significant difference in the
urinary thrombogobulin excretion between normal and diabetic patients.

9.15 (a) Hy:pr=p2vs. H1:p # po, where p; refers to the proportion of anesthetized patients
using drug 1, and ps refers to the proportion of anesthetized patients using drug 2. Use
McNemar's test.

(b) Using m = b+ ¢ =13 +3 = 16, the lower and upper one-sided P-values are

P, = P(C<3B+C=16)

- 50
_ (%)16 i (1:5)

=0
1+ 16 + 120 + 560

= o8 = 0.0106.

Py = P(C>3B+C=16)
16 16
- (0'50)
_ (%)mi (lf)

=0

1+16+120

= 1 - _—2——15— = 0-997.

Then the two-sided P-value is
P= 2min(PL,PU) = 2 x 0.0106 = 0.021.

Since P < a = 0.05, reject Hp and conclude that there is a statistically significant
difference between the two drugs.

9.16 (a) Hp : p1 = p2 Vs. H; : p1 # p3, where p; refers to the proportion of Pro students
before the debate and ps refers to the proportion of Pro students after the debate. Use

McNemar’s test.
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(b) Usingm =b+c= 8 + 26 = 34, the large sample test statistic is

z_b—c—1_8—26-1__3258
Vb+ec J8+26

Then the P-value is
P=2(1-%(- 3.258|)) = 2 x 0.0006 = 0.0012.

Since P < a = 0.05, reject Ho and conclude that there was a change in opinion of the
students.

Solutions to Section 9.3

9.17 Hy:pr=p2=...=P8 = 1/8 vs. Hy : Not Ho. The expected frequencies in each case are
np =144 x 1/8 = 18. Then

2 (Obs — Exp)®> _ (29— 18)? (19 — 18)2 (11 — 18)2
=Y g = 18t 1 T

Since x® > X3-1,008 = 14.067, reject Ho and conclude that the horse’s chances of winning
are not the same for each starting gate.

= 16.333.

9.18 Hy:pr=p2=..-=P12 = 1/12 vs. H; : Not Hp. The expected frequencies in each case
are np = 700 x 1/12 = 58.333. Then
(Obs — Exp)® _ (66 — 58.333)2 (63 — 58.333)° (42 — 58.333)% 10,796

Since x2 > X32-1,0.05 = 19-675, reject Hy and conclude that the first births are not spread

|
N . _
| = Tp 58333 T 58as ¢ 58.333
\
| _ uniformly throughout the year.

| 9.19 (a) Ho:pi= ()(5)" vs. Hy: Not Ho. Using
7 7
e; = np; = 98 ; (0.5)",

the results are summarized below:

i ' ’ Sons mng € 5——“:" -
0 0.766
. 6  5.359 0.003
14 16.078 0.269
25 26.797 0.120
26.797 1.254
22 16.078 2.181
9 5.359 2.452
1 0.766

Total 98 x°=  6.278

SO WO
N
=
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