Chapter 19 Solutions

18.1. (a) The population is “all college students” (or something similar). p is the proportion of
the population who say they pray at least once in a while. (b) p= -{% = (0.8425.

19.2. The proportion who would say “yes” is approximately Normal with mean p =104 and

standard deviation \/ 2018 = 0.01265, s0 99.7% of sample proportions will be within 3

standard deviations of the mean: .4 4 0.038 = £.362 to 0.438.

19.3. (a) The sample proportion 5 is approximately Normal with mean p = 0.75 and
standard deviation \/ 2{iz2) = 0.01369. (b) With n = 4000, the standard deviation drops o

,/%}5&]@ = 0.00685. (Quadrupling the sample size cuts the standard deviation in half.)

19.4. There were only 5 or 6 “successes” in the sample (because 5/2673 and 6/2673 both
round to 0.29%).

19.5. (a) The survey excludes residents of the northern territories, as well as those

who have no phones or have only cell phone service. (b) p = %gg = 0.8558,

so SE; = /p(1 — p)/1505 = 0.009055, and the 95% confidence interval is
0.8558 =k (1.96)(0.009055) = 0.8381 to 0.8736.

19.6. STATE: What proportion p of students who retake the SAT [1-ProeZlInt
. . €. 11946, . 15079
paid for coaching? p=, 1351265823
PLAN: We will find a 99% confidence interval for p. n=316@

SOLVE: We are told this is a random sample; we assume this means it ié at least close to an
SRS. Both the number of successes (427) and the number of failures (2733) are much greater
than 15. We compute p = %‘5 = 0.1351 and SE; = /p(1 — 5)/3160 = 0.006081, so the
99% confidence interval is 0.1351 - (2.576)(0.006081) = 0.1195 to 0.1508. This agrees with
the T1-83 output on the right.

CONCLUDE: We are 99% confident that the proportion of coaching among students who
retake the SAT is between 0.1195 and 0.1508.

19.7. (a) The large-sample interval should not be used because the number of “successes”
is only 9. (b} The sample size is 102, with 11 successes. The plus four estimate is
b= %35 = 0.1078. (c) The 90% confidence interval is

B4 1.645, P—S%{’_) = 0.1078 £ 0.0505 = 0.0573 to 0.1584.
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12.8. (a) With the sample pr0p01t10n p = 32 =0.7906, the 95% confidence interval is

B 96\/M 0.7906 £ 0.03614 = 75.4% to 82.7%.

(b) The plus four estimate is 5 = 3% = 0.7882, and the plus four interval is

51 961/”“Jr f) = 0.7882 = 0.03614 = 75.2% to 82.4%.

As the exercise states, the pius four interval is pulled away from 100%, by 0.2% on the low
end and 0.3% on the high end. (If we instead round to the nearest 0.01%, both the upper
and lower limits decrease by 0.24%.)

19.9. (a) The sample proportion is p = 2—0 = 1, so SE; = 0. The margin of error would

therefore be 0 (regardless of the conﬁdence level), so large-sample methods give the interval

1 to 1. (b) The plus four estimate is p = 242 = 0.9167, and the plus four interval is
P =3 1%

p 196 ﬂ%{.«a{,’l = 0.9167 £ 0.11058 = 0.8061 to 1.0272.

Because proportions can be no larger than 1, use 1 for the upper limit.

19.10. (a) We find p = 22 = 0.8185 and SE; = /(1 — p)/270 = 0.02346, — =

s0 the margin of error for 95% confidence is (1.96)(0.02346) = 0.0460. T p 63406
: ! _{1.96)\2 o 080 68295
(b) For a £0.03 margin of ervor, we need n = (5—0—3) prl - p*) = 075 50043

4268.4 . p*(1 — p*). There are several ways we could take p* from the

pilot study: we could simply take p* = p, or we could try values of p* that are slightly
smaller than p, taking into account the margin of error found in (a). The table on the right
sunumarizes the sample size for various choices of p*.

19.11. ; (‘ 645) (0.75)(0.25) = 317.1—use n = 318.

0.04
19.12. STATE: Does p = ,00 = 0.415 give significant evidence i PI"'GPETE‘S‘L
. P
that the probability of heads from spinning a coin is different from z= ‘2 454 153656
0.57 ' 5: 3%%2@95291

PLAN: Let p be the proportion of heads from a spun coin. We test h=268
Hy: p = 0.5 vs. Hg: p # 0.5; the alternative is two-sided because B
(prior to looking at the data) we had no suspicion that coin spinning would favor heads or
tails.

SOLVE: We view the 200 spins as an SRS. The expected counts npg and n(l — pg) are
both IOO—Jarge enough to proceed. With p = 0.415, the test statistic is z = (0.415 —

0.5)// @203 = 3 40. The P-value is 0.0164 (from Table A) or 0.0162 (software).

CONCLUDE: We have pretty strong evidence—significant at ¢ = 0.05, though not at & =
0.01-~against equal probabilities.

19.13. STATE: Does p = 3— = 0.6875 give significant evidence that the “best face” wins more

than half the time?
PLAN: Let p be the proportion of races won by the candidate with the better face. We test
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Hy: p = 0.5 vs. Hy: p > 0.5; the alternative is one-sided because we suspect (even before
sceing the data) that the better-face candidate has an advantage.

SOLVE: We view the 32 races as an SRS. The expected counts npy and n(l — pg)

are both 16—large enough to proceed. With pj = 0.6875, the test statistic is

z = (0.6875 — 0.5)/ %&QQ = 2.12. The P-value is 0.0170 (from Table A) or 0.0169
(software).

CoNCLUDE: We have pretty strong evidence—significant at @ = 0.05, though not at

o = 0.0 —that the candidate with the better face wins more than half the time.

19.14. (a) The sample size (10) is too small; it gives itpg = n(l — pg) == 5. (b) The expected
number of “no” responses is too smalk: #(1 — pg) = 200(0.01) = 2.

19.15. (b) The mean of the distribution of j is the population propertion p. (That is, p is an
unbiased estimate of p.)

19.16. () The standard deviation is \| @207 - ¢ 01666,
19.17. (¢) p = 32 = 0.36.

19.18. (b) The margin of error for 95% confidence is 1.96 - SE = 1.96,/ 229089 - ¢ o34

1919, (c) . = (%)2 0505 = 2401.

19.20. (a) p = ﬁ = 0.529 and the margin of error is 1.96 p(]]m = 0.096.

19.21. (a) The reported margin of error accounts only for random variation in the responses.

19.22. (a) The alternative hypothesis expresses the idea “more than half think their job
prospects are good”

19.23. (c) z = (0.53 — 0.5)/, /(0.51)0(((}).5) = 0.6

/1‘9}2{4\.(3) The margin' of error in (almost all) publicly reported polls is with 95% confidence.

19.25. ’(a) The survey excludes those who have no phones or have only cell phone service,

(b) Wlth the sample proportion p = -—555‘— = (.8396, the large sample 95% confidence.

mt rval is
p1.96,/PLP) — 0.8396 + 0.02263 = 0.8170 10 0.8622.

If we instead use the plus four method, p = 1010 +4 = 0.8383, SE; = 0.01156, the margin of
error is 1.960SE; = 0.02266, and the 95% confidence interval is 0 3156 to 0.8609.

19.26. We estimate that § = {3 = 0.1105, SE; = 0.02390, the margin of error is
1.960SE; = 0.04685, and the 95% confidence interval is 0.0636 to 0.1573.
If we instead use the plus four methed, p = 11792“'“24 = (.1193, SE; = 0.02443, the margin of
error is 1.960SE; = 0.04789, and the 95% confidence interval is 0.0714 to 0.1672.
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1927, (2) With p = 3% = 0.8396, we have SE; = 0.01155, so the margin of error for 95%

confidence is 1.965E; == 0.02263 = 2.26%. (b) If p had been 0.5, then SEj; = 0.01573
and the margin of error for 95% confidence would be 1.965E; = 0.03084 = 3.08%. {c) For
samples of about this size, the margin of error is no more than about 4:3% no maiter what
pis.

19.28. (a) We need to know how they were chosen. (All from the same school? Public or
private? Etc.) That they were all in psychology and communications courses makes it seem
unlikely that they are truly representative of all undergraduates. (b) Using large sample
methods, p = % = 0.8425, SE; = 0.03232, the margin of error is 2.5765SE; = 0.08326,
and the 99% confidence interval is 75.9% to 92.6%. (c) With the plus four method,
p= ]123,12 = 0.8321, SE; = 0.03266, the margin of error is 2.5765SE; = 0.08413, and the
99% confidence interval is 74.8% to 91.6%. Both the lower and upper limits of the plus
four interval are about 1% lower than those in the large sample interval.

19.29. (a) The survey excludes residents of Alaska and Hawaii, and those who have no phones
or have only cell phone service. (b) Using large sample methods, p = l—?g—g = .0496,
SE; = 0.00647, the margin of error is 1.6455E; = 0.01064, and the 90% confidence
" interval is 3.9% to 6.0%. (c) With plus four methods, p = 1?3&4 = 0.0512, SE; = 0.00655,
the margin of error is 1.645SE; = 0.01078, and the 90% confidence interval is
4.0% to 6.2%. Both the lower and upper limits of the plus four interval are slightly higher

than those in the large sample interval.

19.30. (a) For the large-sample interval, we would need at least 15 successes and failures;
we have only 8 and 5 failures in the two samples. For plus four intervals, we need only
n = 10 (and confidence level 90% or mote). (b) For the proportion preferring Times
New Roman for Web use: p = ég%i = (.6552, SE; = 0.08826, the margin of error
is 1.960SE; = 0.17299, and the 95% confidence interval is 0.4822 to 0.8282. For the
proportion who prefer Gigi: p = %%ﬁ- = 0.7586, SE; = 0.07946, the margin of error is
1.645SE; = 0.13070, and the 90% confidence interval is 0.6279 to (0.8893.

19.31. (a) The failure count (5) is too small for the standard method. The plus four method
only requires a confidence level of at least 90% and a sample size of at least 10 (we have
n = 23). (b) Using the plus four method: p = %mj_i% = 0.7407, SE; = 0.08434, the margin of
error is 1.6458E; == (0.1387, and the 90% confidence interval is 0.6020 to 0.8795.

19.32. (a) Both large-sample and plus four methods are safe. For the large-sample interval:
p= % = 0.1943, SE; == 0.01334, the margin of error is 1.960SE; = 0.02614, and the
95% confidence interval is 0.1682 to 0.2205. Using plus four methods: p = égf]ﬁ = 0.1957,
SE; = 0.01334, the margin of error is 1.960SE; = 0.02613, and the 95% confidence
interval is 0.1695 to 0.2219. (b) More than 171 respondents have run red lights. We would
not expect very many people to claim they save run red lights when they have not, but

some people will deny running red lights when they have.

19.33. (a) Because the smallest number of total tax returns {i.e., the smallest population) is
still more than 100 times the sample size, the margin of error will be (approximately) the
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same for all states. (b) Yes, it will change—the sample taken from Wyoming will be about
the same size, but the sample from, for example, California will be considerably larger, and
therefore the margin of error will decrease.

) .
19.34. (a) n = (g%g) (0.2)(0.8) = 4718.8—s0 use n = 4719. (b) 2.576,/ LD = 001125,

19.35. (a) The margins of error are 1.96/5(1 — £)/100 = 0.196./5(1 — p) (below). (b) With
n = 500, the margins of error are 1.96,/5(1 — 5)/500. The new margins of error are less
than half their former size (in fact, they have decreased by a factor of % = 0.447).

p 0.1 02 03 04 0.5 0.6 0.7 0.8 09
(a) me. | 0588 0784 0898 0960 .0980 0960 0898 0784 .0588
(b) me. | 0263 0351 .0402 0429 0438 0420 0402 0351 0263

19.36. PLAN: We will give a 99% confidence interval for the proportion p of college students
who support cracking down on underage drinking.
SOLVE: We have an SRS with a very large sample size, so both large-sample and plus four
methods can be used. Using the large-sample method: p= ﬁ—g}l? = 0.6700, SE; = 0.00385,
the 1argin of error is 2.5765E; = 0.00991, and the 99% confidence interval is
0.6601 to 0.6799. With such a large sample, the plus four interval is nearly identical:
p= -}ggi—?ii = 0.6699, SE; = (.00385, the margin of error is 2.5768E; = 0.00991, and the
99% confidence interval is 0.6600 to 0.6798.
CONCLUDE: Using either method, we are 99% confident that the proportion of college
students who support cracking down on underage drinking is between about 0.66 and 0.68.

19.37. PLAN: We will give a 90% confidence interval for the proportion p of all Krameria
cytisoides shrubs that will resprout after fire.
SOLVE: We assume the 12 shrubs in the sample ean be treated as an SRS. Because the
number of resprouting shrubs is just 5, the conditions for a large sample interval are not
met. Using the plus four method: 5 = 152";7; #= 0.4375, SE; = 0.1240, the margin of error is
1.645SE; = 0.2040, and the 90% confidence interval is 0.2335 to 0.6415. (If we construct
the large-sample interval despite failing to meet the conditions, we find p= ,5—2 = 0.4167,
SE; = 0.1423, the margin of error is 1.6458E 5 = 0.2341, and the 90% confidence interval
is 0.1826 to 0.6508.)
CONCLUDE: We are 90% confident that the proportion of Krameria cytisoides shrubs that

will resprout after fire is between about 0.23 and 0.64.

19.38. PLAN: Let p be the proportion of heterosexuals in high-risk cities with multiple
partners who never use condoms. We will test Hy: p = 1/3 vs. H,: p > 1/3; we use a
one-gided alternative because we are concerned that this proportion might be high.
SOLVE: We were told to consider this group to be an SRS, and the expected counts are

easily large enough to make our inference methods safe. With p= %%g— = (),3786, the test

statistic is z = (0.3786 — 1/3)4/ 32 = 5 73 for which P = 0.0033.
CONCLUDE: We have very strong evidence (significant at & = 0.01) that more than
one-third of this group never use condoms.
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19.39. PLAN: We will give a 95% confidence interval for the proportion p of American adults
who think that humans developed from earlier species of animals.
SOLVE: We have an SRS with a very large sample size, so both ]arge~sample and
plus four methods can be used. Using the large-sample method: p = ff;,,{ = 0.4003,
SE; == 0.01272, the margin of error is 1.960SE; = 0.02493, and the 95% confidence
interval is 0.3753 to 0.4252. With such a large sample, the plus four interval is nearly
identical: § = S22 = 0.4005, SEj = 0.01270, the margin of error is 1.960SE; = 0.02490,
and the 95% confidence interval is 0.3756 to 0.4254.
CoNGLUDE: Using either method, we are 95% confident that the percent of American
adults who think that humans developed from earlier species of animals is between about
37.5% and 42.5%.

19.40. PLAN: We will give a 95% confidence interval for the propor-  [I-PropZInt
. ‘ . . N _ 4918, .6/E09)
tion p of female Hispanic drivers in Boston who wear seat belts. g=, 5811965312
SOLVE: We have a fairly large SRS from a much larger popula- n=117¢
tion, with counts 68 and 49, so both large-sample and pluq four 1-Frorzint
mcthods are safe, For the large-sample interval: p = m‘ = 0.5812, ,E,z“g?g%ig%%@?j
SEp = 0.04561, the margin of error is 1.960SE; = 0.08940, and n=121

the 95% confidence interval is 0. 4918 to 0. 6706

Using plus four methods: p = 12] = 0.5785, SE; = 0.04489, the margin of error is
1.9605E; = 0.08798, and the 95% confidence interval is 0.4905 to 0.6665.

CONCLUDE: With either method, we are 95% confident that the proportion of female His-
panic drivers who wear seat belts is between about 0.49 and 0.67.

19.41. PLAN: Let p be the proportion of American adults who think that humans developed
from earlier species of animals. To assess the evidence for the claim that less than half of
adults hold this belief, we will test Hy: p = 0.5 vs. H,: p < 0.5.

SOLVE: We assume this sample can be regarded as an SRS. The expected counts are easily
large enough to make our inference methods safe. With p = 0.4003, the test statistic is

z = (0.4003 ~ 0.5),/ @28 = _7.68, for which P < 0.0001.
CONGCLUDE: We have very strong evidence that less than half of American adults think that

humans developed from earlier species of animals.

19.42, PLAN: Let p be the proportion of Hispanic female drivers who wear seat belts.
Because the exercise asks if we are convinced that more than half wear seat belts, we will
test Flp: p = 0.5 vs. H;: p = 0.5; one might instead choose the two-sided alternative
p 0.5,

SOLVE: Large-sample inference procedures can be used: we view our sample as an SRS,
and the expected counts apy and n(l — pp) are both 58.5. With p = 0.5812, the test statistic

is z = (0.5812 — 0.5) /83203 = 176, The P-value is 0.0392 (from Table A) or 0.0395
(software).

CoNCLUDE: We have pretty strong evidence—significant at @ = 0.05, though not at

o = 0.0l —that a majority of Hispanic female drivers in Boston wear seat belts. (If we had
chosen a two-sided alternative, the P-value would be twice as big, and the evidence would
not be significant at o = 0.05.)
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19.43. PLAN: We will give a 95% confidence interval for the proportion p of all studies which
discuss the success of blinding.
SoLvEe: We have a random sample of 97 studies; we assume this can be regarded as an
SRS. Because the number of “successes” is just 7, the conditions for a targe sample interval
are not met. Using the plus four method: p = 977*_"_24 = 0.0891, SE; = 0.02835, the margin
of error is 1.960SE; = 0.05556, and the 95% confidence interval is 0.0335 to 0.1447,
(If we construct the large-sample interval despite failing to meet the conditions, we find
b= 917 = 0.0722, SE; = 0.02627, the margin of error is 1.960SE; = 0.05149, and the 95%
confidence interval is 0.0207 to 0.1237.)
CONCLUDE: We are 95% confident that the proportion of studies which discuss the success

of blinding is between about 0.0335 and 0.1447.

19.44. STATE: For estimating seat belt usage among Hispanic females with 95% confidence,
how large a sample is needed to reduce the margin of error to +0.05?

PrLAN: We seek n so that z*,‘/w = 0.05, where p* is our preliminary estimate of the
unknown proportion p. '
SOLVE: We estimate p using the value of j found in the first sample: p* = p = % =

4

2
0.5812. To achieve the desired margin of error, we need n == (%) p*(l —

CONCLUDE: A sample size of n = 375 Hispanic female drivers will result in a margin of
crror of approximately 0.05 for estimating seat belt usage.



