Chapter 21 Solutions

21.1. With j = 0.36, the standard error is SE = ,/ @290 - (01241, 5o the 95% confidence
interval is p &+ 1.96 SE = 0.36 + 0.02432 = 0.3357 to 0.3843. (If we knew the actual counts
we could construct a plus four interval, but with such a large sample, it would be nearly the
same as the large-sample interval.)

’

21.2. For the proportion of male high school students who play video games at least 3 hours
per day, we estimate that p = % = 0.2740, SE; = 0.00532, the margin of error is
2.576SE; = 0.01370, and the 99% confidence interval is 0.2603 to 0.2878.

If we instead use the plus four method, p = 13826+2 = 0.2742, SE; = 0.00532, the margin of
error is 2.576SE; = 0.01370, and the 99% confidence interval is 0.2605 to 0.2879.

21.3. We test Hy: p = 0.5 vs. H,: p # 0.5, where p is the proportion [I-PropZlest
of times a Belgian euro lands heads when spun. We consider the 22?'.:8@?366596
250 spins to be an SRS; both counts are much more than 5. We el %277?94375
compute p = %% = 0.56 and z = (0.56 — 0.5)/\/(—04—52)5(%5—) = 1.90. h=256
The P-value is 0.0578 (0.0574 with Table A). We have some L

evidence that the euro is not balanced. but it is not quite significant at the 5% level.

21.4. (a) The proportions of females and males who play video games for at least 3 hours are

Pr = 28 =0.1481 and p,, = J222 = 0.2740. (b) The 99% confidence interval is

~ A ﬁm(l_ﬁm) ﬁf(l-ﬁf) _ _
Pm — pr £ 2.576\/ T + G880 = 0.1259 £ 0.01759 = 0.1084 to 0.1436.

Because of the large sample sizes, a plus four interval is nearly identical.

21.5. Using either software or Table C, the interval is 2.00 to 2.70 kg/m?. With X = 2.35,
s = 2.5, and n = 200, we have df = 199, for which ¢* = 1.9720 (with Table C, use
df = 100 and t* = 1.984). The interval is therefore X + t* 5/,/n = 2.0014 to 2.6986 (with
software) or 1.9993 to 2.7007 (using Table C).

21.6. We wish to test Hy: ug = pc vs. Hy: g # pe. With Ehe g_iven means and standard

deviations, we have SE = \/355 + 32 = 0.4663, 50 1 = ~1="2 = 2.466. Software
(df = 73.1) gives P = 0.0160, while Table C (df = 50) gives 0.01 < P < 0.02. There is
fairly strong evidence—significant at a = 0.05 but not at ¢ = 0.01 —that the mean muscle

gap is different.

21.7. We wish to test Ho: w) = up vs. Hy: uy > ws. We assume that we have two SRSs from
Normal populations. The standard error of the difference ¥; — x2 is SE = 0.078716, and the
t statistic is t = (5.15 — 4.33)/SE = 10.4. Regardless of whether df == 19 or 32.39, the
P-value is tiny. We have strong evidence that the mean remating time is longer for large
spermatophores.
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21.8. We were given = 0.58, so SE; =/ EX=P) = 0.01960 and the 90% confidence

interval is p & 1.645SE; = 0.58 £+ 0.03224 = 0.5478 to0 0.6122.

i (1 — p pw (1
219. With py = 0.45 and pw = 0.23, we have SE = \/””(314"”) Pw (567”"” = 0.03317

and the 90% confidence interval is py — pw + 1.645SE = 0.22 £ 0.05457 = 0.1654 to
0.2746.

21.10. The statement of the exercise suggests a two-sided alternative, so we test Hy: pp = pw
vs. H,: pp # pw. We need to estimate the pooled proportion of blacks and whites who
think that rap videos contain too much sex, but we were given sample proportions rather
than sample counts. Starting with pg = 0.72 and pw = 0.68, perhaps the simplest approach
is to compute the weighted average of these two proportions like so:

p="BLL 0w - 07011

(See the note below for an alternative approach.) With this value for p, the standard error
is SE = ‘/ﬁ(l - ﬁ)(ﬁ + 5%7) = 0.02646, so z = (pp — pw)/SE = 1.51. This gives
P =2P(Z > 1.51) = 0.1310, so we do not have enough evidence to conclude that the
proportions are different.

Note: For a more detailed analysis we might estimate the numbers of blacks and
whites who agreed. In order that z3; rounds to 0.72, x could be any number from 454
to 459; similarly, the number of whites who agreed could be any number from 383 to
388. The strongest evidence against Hyp would be when the proportion of blacks is as
large as possible, and the proportion of whites is as small as possible. That happens

when pg = %g = 0.7240 and py = 377 = 0.6755, for whicl the pooled proportion is

p= ;;ﬁggg = 0.7011, SE = \[p( — p)(gky + 555) = 0.02646, and 7 = (pp—pw)/SE = 1.83.
This gives P = 0.0672—about half as large as before, but still not significant at a = 0.05.

21.11. (a) The ¢ procedures are fairly safe with non-Normal déta, 2-SamPTTest
provided we have large samples (as we do here). (b) We wish t1%u§g7447599
to test Ho: iy = wm vs. Hat iy > Wy, The standard error is 5};?%2231?2929
VA& + 55 = 2.1292, and the test statistic s ¢ = 2.207. This |, X1=415%
is significant at « = 0.05 but not at ¢« = 0.01: the P-value is

0.01 < P <0.02 (df = 134) or P = 0.0143 (df = 186.02).

21.12. We were given X = 11.4 and s = 26.09 minutes, and for df = 100, we have t* = 1.984
(software gives 1.9748 for df = 161). Therefore the 95% confidence interval is either
11.4 4+ 4.067 = 7.333 to 15.467 minutes, or 11.4 4+ 4.048 = 7.352 to 15.448 minutes. We
are 95% confident that the mean endurance for female mice swimming is between 7.3 and
15.5 minutes.

21.13. The standard error of the difference Xy — ¥,, was found in the solution to
Exercise 21.11: SE = 2.1292. With either t* = 1.984 (df = 100) or r* = 1.9728
(df = 186.02), the interval X; — X,,, £ t* SE is either 0.4758 to 8.9242 minutes, or 0.4996
to 8.9004 minutes. We are 95% confident that, on the average, female mice can endure
between 0.5 and 8.9 minutes longer than males.
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21.14. Let p; be the proportion of students with a college-graduate parent in 2004, and p2 be
that proportion in 1978. We find a 99% confidence interval for p; — p, (the increase in

this proportion over time). All counts are large enough to use large-sample (or plus four)
procedures safely. The sample proportions are p; = %%—g = 0.4699 and p; = 15—765% = 0.3200,

so the standard error for a confidence interval is SE = 0.01131, and the margin of error is
2.576 SE = 0.02912. This gives the interval 0.1208 to 0.1790.

With such large sample sizes, the plus four interval is nearly identical: 5y = J2E) =

0.4699, pp = L = 0.3200, SE = 0.01130, and the margin of error is 0.02911, and the
interval is again 0.1208 to 0.1790.

21.15. We give a 99% confidence interval for p, the proportion of all students in 2004
who had at least one college-educated parent. The counts of successes and failures are
both much more than 10. The sample proportion (found in the previous solution) is
p = 0.4699 and the standard error is SE = /p(1 — p)/2158 = 0.01074. The 99%
confidence interval is therefore p £ 2.576 SE = 0.4699 - 0.02767 = 0.4422 to 0.4976.
The plus four interval is nearly identical: p = 0.4699, SE = 0.01073, and the interval is
0.4699 £ 0.02765 == 0.4423 to 0.4976.

21.16. Let ¢ be the mean score for the population of students with at least one college-
graduate parent, and p be the mean score for the other group of students. We wish to
test Hy: iy = pa vs. Ha: iy 5 g, and find a 95% confidence interval for p; — u,.

With the given means and standard deviations, we have SE = 21—%% + %%'—(’)—7 = 1.4211, so
t = (x; — x2)/SE = 15.48. If is not necessary to consult software or Table C to know that
this is significant at any reasonable level a.

To find a 95% confidence interval for the difference, we take ¥; — ¥» & +* SE, where
t* = 1.984 (df = 100, Table C) or 1.9624 (df = 962.12, software). The interval is therefore
either 19.18 to 24.82 (df = 100) or 19.21 10 24.79 (df = 962.12).

21.17. We find a 95% confidence interval for p) (as defined in the previous solution). We
find SE = 28.6/4/1014 = 0.8981; the interval is &| £ #* SE; whether we use t* = 1.984
(df = 100, Table C) or 1.9623 (df = 1013, software), this rounds to 315.24 to 318.76 points.

21.18. We test Hy: tw = Wm VS. Hy: iy # m. Note that this exercise gives standard
errors (s/,/n) rather than standard deviations (s). We find SE = +/0.92 + 1.02 = 1.3454,
sot = (305 — 308)/SE = -2.23. The P-value from Table C (for df = 1000) is
0.02 < P < 0.04. Software gives P = 0.0259 (df = 2111.6). Either way, we have evidence
(significant at o = 0.05) that the mean mathematics score is different—specifically, the
men’s mean is higher.

21.19. (a) This is an observational study (one cannot “assign” a baby’s birthweight). (b) We
test Hy: p1 = p2 vs. H,: p1 < pa, where p; and p; are the high school graduation rates
for (respectively) the VLBW male and control male populations. The graduation rates
in our samples are p; = 0.7397 and p, = 0.8283, and the pooled graduation rate is
p = %g%—g% = 0.7832. Therefore SE = 0.03782 and z = (0.7397 — 0.8283)/SE = —2.34, so
the one-sided P-value is P = 0.0096. We have strong evidence (significant at o« = 0.01) that

VLBW graduation rates are lower.
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21.20. Let p; be the mean IQ for the VLBW male population, and , be the mean IQ for
the control population. We test Hy: u; = pa vs. Hy: w1 < i9. The standard error of the
difference X} — X, is SE = 2.02786, and the 7 statistic is ¢t = (87.6 — 94.7)/SE = —3.50.
Regardless of whether we take df = 100 or 2164, the P-value is less than 0.0005. We have
very strong evidence that VLBW men have lower 1Qs.

21.21. Let p; and p; be the proportions using drugs in (respectively) the female VLBW
and female control populations, and let 1, and p; be the mean IQs for those populations.
We test Hy: py = pa vs. Hg: p1 # p2 and Hy: iy = o vs. Hy: py # wa. Compute
p1 = 0.2937, pp = 0.4194,and p = 1;%:%2 = (0.3560. Then SE = 0.06057, and the
test statistic is z = (0.2937 — 0.4194)/SE = —2.08. This has a two-sided P-value of
P = 0.0376.
For comparing 1Qs, we compute SE = 1.7337. The test statistic is ¢ = (86.2—89.8)/SE =
~—2.08. For any choice of df (100 or 247.1), this ¢t has a two-sided P-value of about 0.04.

Both tests are significant at @ = 0.05; we have evidence that high school graduation rates
and 1Qs are lower for the VLBW female population.

21.22. We give a 99% confidence interval for p, the proportion of all Division I college
athletes who believe that they have received preferential treatment. The sample proportion
is p= .2,%% = 0.2972, the standard error is SE = /p(1 — p)/757 = 0.01661, and the 99%
confidence interval is
p £2.576 SE = 0.2972 4 0.04279 = 0.2544 to 0.3400.

The plus four estimate is p = %%—Z = (.2983, the standard error is SE = /p(1 — p)/761 =
0.01658, and the plus four 99% confidence interval is

p =2.576SE = 0.2983 £ 0.04272 = 0.2556 to 0.3410.

21.23. We wish to test Ho: p; = p2 vs. Hy: py < pa, where py is the risk of breast cancer
in the low-fat diet population, and p, is the risk for the control population. The sample
655

proportions are p; = ja337 = 0.0335 and pr = 51502% = 0.0366, the pooled proportion

is p = 0.0354. The standard error is SE = /p(1 ~ p)(s5k7 + m5k53) = 0.00171, and
z = (P, — p2)/SE = —1.80. This gives P = 0.0357, so the evidence is significant at 5%.

21.24. Let p; be the proportion of walking flies responding to vibration, and p> be that
proportion for resting flies. We test Hy: py = p2 vs. Hy: py # p2. One count is only 4;
this makes the use of z procedures potentially risky. Proceeding in spite of this, we find
P = 2% =0.8438 and p; = 55 = 0.1250, p = G55 = 0.6042, SE = 0.10588, and
z = (0.8438 — 0.1250)/SE = 6.79, for which the P-value is tiny. We have strong evidence
(significant at any reasonable choice of «) that walking and resting flies respond differently.
Although the conditions for inference were not quite met, the difference in the proportions

was so great that the conclusion is almost certainly correct.

21.25. Let u; be the mean cholesterol level for pets, and u, be the mean level for clinic dogs.
We test Hy: py = p2 vs. Hy: g > pp. We find SE = 16.1870 mg/d!l and ¢ = 1.17, so
0.10 < P < 0.15 (df = 22) or P = 0.1234 (df = 43.3). This is not enough evidence to
reject Hy; we cannot conclude that pet cholesterol levels are higher.




Solutions 235

21.26. With p; and u; as defined in the previous exercise, we give a 95% confidence interval
for i — pa. The interval is (193 — 174) £ *SE. Using t* = 2.074 (df = 22), this
gives —14.57 to 52.57 mg/dl; using ¢* = 2.0164 (df = 43.3), the interval is —13.64 to
51.64 mg/dl. We are 95% confident that the difference in mean cholesterol levels in pets
and clinic dogs is between —14.57 and 52.57 mg/dl (or —13.64 and 51.64 mg/dl).

21.27. We give a 95% confidence interval for u, (as defined in the previous two exercises).
With df = 25, the interval is 193 £ (2.060)(68/v/26) = 165.53 to 220.47 mg/dl. We are
95% confident that the mean cholesterol level in pets is between 165.5 and 220.5 mg/dl.

21.28. For all procedures, we are assuming that we have SRSs from each population, and that
underlying distributions are Normal. The chief threat to validity is that it is unlikely that we
have random samples from either population, especially among pets.

21.29. We want to compare two means using a significance test (line 3).
21.30. We want to estimate a single proportion with a confidence interval (line 6).
21.31. We want to estimate a single mean with a confidence interval (line 5),

21.32. No procedure is appropriate: we have information about all players, not just a sample.
(Another consideration is that salary distributions, especially those of professional athletes,
are often very sharply skewed, so ¢ procedures might not be safe even if we could justify
treating these numbers as an SRS from some larger population.)

21.33. Use a matched-pairs test for a single mean (line 1), because we should keep each
couple’s responses together.

21.34. (a) This calls for a confidence interval for a single proportion (line 6). (b) Comparing
two means requires a significance test (line 3). (c) Comparing two percents (proportions)
requires a significance test (line 4).

21.35. Each of these situations calls for a significance test to compare two populations—either
line 3 or line 4. (a) Use a two-sample z for proportions (line 4). (b) Use a two-sample ¢ for
means (line 3). (¢) Use a two-sample z for proportions (line 4).

21.36. The response rate for the survey was only 24,—207(—) = 0.2033, which might make the
conclusions unreliable.

21.37. (a) This is a matched-pairs situation: the responses of each subject under both
conditions (control and treatment) should not be considered to be independent. (b) We need
to know the standard deviation of the differences, not the two individual standard deviations.

21.38. Each of a monkey's six trials cannot be considered to be independent, because if it
prefers silence, it will almost certainly spend more time in the silent arm of the cage each
time it is tested.
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2139.(a) p = 80 — 1, and the margin of error for 95% confidence (or any level of confidence)
80 y

is 0: z*\/ %@ = z*(0) = 0. Almost certainly, if more trials were performed, a rat would
eventually make a mistake or two, meaning that its actual success rate is less than 1.
(b) The plus four estimate is p = 3—3 = 0.9762, and the plus four 95% confidence interval is

p % 1.960,f f’—fl'-;:—f—) — 0.9762 % 0.0326 = 0.9436 t0 1.0088.

Ignoring the upper limit, we can say we are 95% confident that the actual success rate is
0.9436 or greater.

21.40. (a) PLAN: We will find a 99% confidence interval for p; — py, where p; is the risk of
cervical cancer with Gardasil, and p, is the cervical cancer risk in the control population.
(We choose to subtract p; from p, because the sample proportions suggest that the control
risk is higher.)

SOLVE: We assume that we have SRSs from each population. Because there were no cases
of cervical cancer in the Gardasil group, we should not use the large-sample procedures.
With the plus four procedures, p; = ﬁ%—fﬁ = 0.000118 and p; = %&‘5 = 0.003900, and

the 99% confidence interval is

.. p(d—=p) | p(1=p2) _ _
pp—pi 2.576\/ %480 + %462 = 0.003782 4 0.001771 = 0.0020 to 0.0056.

(b) PLAN: In order to avoid confusion with p; and p; as defined in (a), let ry and r; be the
risk of genital warts in (respectively) the Gardasil and control populations. We will find a
99% confidence interval for rp — r|.

SoLvE: With only one case of genital warts in the Gardasil group, we again use the plus

four procedures: 7y = 78’7";'?2- = 0.000253 and 7, = 7—;—;;9%‘5 == 0.011644, and the 99%
confidence interval is
Fy—Fi 2.576\/ N + P72 — 0.011391 £0.003143 = 0.0082 t0 0.0145.

(¢) CONCLUDE: Gardasil is effective in reducing the risk of both cervical cancer (by
between 0.0020 and 0.0056, with 99% confidence) and genital warts (by between 0.0082
and 0.0145, with 99% confidence).

21.41. PLAN: We test Hy: u = 12 vs, H,: o > 12, where u is the mean age at first word (in
months).
SOLVE: We regard the sample as an SRS; a stemplot (not shown) shows that the data are
right-skewed with a high outlier (26 months). If we proceed with the ¢ procedures in spite
of this, we find ¥ = 13 and s = 4.9311 months. Therefore, t = 5%7'372_5 = 0.907 with
df =19, so0 0.15 < P < 0.20 (software gives 0.1879).

We might choose to drop the additional outlier before proceeding (although it is difficult
to justify that this child should not be considered a “normal” child). Not surprisingly, this
gives us even less reason to reject Hy: ¥ = 12.3158 and s = 3.9729 months, so ¢t = 0.346
and P = 0.3665.

CONCLUDE: We cannot conclude that the mean age at first word is greater than one year.







