Chapter 18 Scolutions

18.1. This is a matched-pairs design: attitudes of husbands and wives may be connected, so we
should keep them together.

18.2. This involves two independent samples: those students who read the Wall Street Journal
ads, and those who read the National Enquirer ads.

18.3. This involves a single sample.

18.4. This involves two independent samples (because the result of, for example, the first
measurement using the new method is independent of the first measurement using the old
method).

18.5. (a) If the loggers had known that a study would be done, they Unlogged Logged
might have (consciously or subconsciously) cut down fewer trees 13{000 0|4
than they typically would, in order to reduce the impact of logging. 14 0
(b) STATE: Does logging significantly reduce the mean number of }(53 00 ? 0
species in a plot after 8 years? 17 ti2
PLAN: We test Hy: ) = pa vs. Hy: uy > W2, where u; is the 1810 L} 455
mean number of species in unlogged plots and u, is the mean num- :’)‘3 80 : ;8
ber of species in plots logged 8 ycars carlier. We use a one-sided 2110 N
alternative because we expect that logging reduces the number of tree 22100
species.

SOLVE: We assume that the data come from SRSs of the two populations. Stemplots (above)
suggest some deviation from Normality, and a possible low outlier for the logged-plot counts.
Note that these stemplots do not allow for easy comparison of the two distributions because
the software used to create them used different scales (leaf units). In spite of these concerns,
we proceed with the ¢ test. The means and standard deviations are given in the Minitab out-

put below; we compute SE = ,/3',5232 + 4—599-1 = 1813 and 1t = ’—7—'%“—133—‘6—7 = 2.11. With
the conservative df = 8, we find that 0.025 < P < 0.05. Note that Minitab uses the more
accurate df = 14 (truncated from the true computed df = 14.8), rather than the conservative
approach. For this df, we find that P = 0.026. If we remove the low outlier from the logged
data, a few things change: £, = 14.875, s, = 2.8504, SE = /%2 + 285 = 1.433, and

t = 1.832. Now we have either 0.05 < P < 0.1 (df =7) or P = 0.042 (df = 17.2).
CoNCLUDE: If we use all the data, we have fairly strong evidence (significant at 5% but not
at 1%) that logged plots have fewer specics. If we have a reason to remove the low outlier
from the logged data, the evidence is weaker, although it is still significant when we use the
more accurate df.

Minitab output

Twosample T for Species

Code N Mean StDev  SE Mean
1 12 17.50 3.53 1.0
2 9 13.67 4.50 1.5

90% C.I. for mu 1 - mu 2: ( 0.6, 7.0)
T-Test mu 1 = mu 2 (vs >): T= 2.11 P=0.026 DF= 14
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18.6. STATE: Do lean and obese people differ in the average time they Lean Obese

spend lying down? 913

PLAN: Let u) be the mean time spent lying down by the lean group, 3 :

and u, be the mean time for the obese group. We test Hy: g = p; vs. g 3 g"'
H,: iy # pa. (The question asked in the exercise suggests a two-sided 814
alternative, but we might reasonably expect that lean people spend less 1015 001

. . ] 3315723
time lying down, and so choose H,: u; < u>. As we shall see, that will 515

not matter.) 615]6

SOLVE: See Example 18.2 for a discussion of the conditions for inference. The back-to-back
stemplot on the right shows some irregularity, but no clear departures from Normality. They
also suggest little difference between the two groups—an impression which is supported by
the means:

2 :
S 3

n x s SE = P = 22.0898
Lean 10 S01.6461 520449 e
Obese 10 4917426 46.5932 t= gy =0.448

The standard error and the test statistic are given above. With such a small ¢ value, the P-
value will obviously be quite large regardless of the degrees of freedom; in fact, P = 0.6596
(df =17.8) or P = 0.6647 (df = 9).

CONCLUDE: There is no reason to reject the hypothesis that lean and moderately obese
people spend (on the average) the same amount of time lying down.

18.7. Use the means and the standard error SE = 1.813 found in the solution to Exercise 18.5,
and critical value t* = 1.860 (df = 8) or t* = 1.755 (df = 14.8). The 90% confidence
interval is X1 — X2 £ ¢*SE, which gives 0.46 to 7.20 species (df = 8) or 0.65 to 7.02 species
(df = 14.8). Minitab’s result, shown in the solution to Exercise 18.5 above, is based on the
truncated df = 14.

18.8. To test Hy: py = py vs. H,: puy > po (which is equivalent to the hypotheses stated in
Figure 18.5), we have 1 = 0.9889, df = 4.65, and P = 0.1857. This gives us little reason to
doubt that fabric buried two weeks and fabric buried 16 weeks have the same mean breaking
strength.

18.9. (a) Back-to-back stemplots of the time data are shown below on the left. They appear to
be reasonably Normal, and the discussion in the exercise justifies our treating the data as
independent SRSs, so we can use the ¢ procedures.

We wish to test Hy: pt; = iy vs. Hy: ity < Wy, where p is the population mean time in
the restaurant with no scent, and p; is the mean time with a lavender odor. The means and
standard deviations (in minutes), as well as the standard error and test statistic, are

n X s 3 3
No scent 30 9126 14.9296 SE = ,/fT'1 + ,ff; = 3.6269
Lavender 30 105.7 13.1048

‘= 91.26 — 105.7
— T 3.6269

For this value of ¢, P < 0.0005 (df = 29) or P = 0.0001 (df = 57.041). This is strong
evidence that customers stay longer when the lavender odor is present. (b) Back-to-back

=-3.98
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stemplots of the spending data are below on the right. The distributions are skewed and have
many gaps. Again we test Hy: g = po vs. Hy: iy < o, where py is the population mean
spending with no scent, and u; is the mean spending with a lavender odor. The means and
standard deviations (in euros), as well as the standard error and test statistic, are

n X s - -
No scent 30 175133 23588 SE = ‘/5‘7 + fl—zz = 0.6073
Lavender 30 21.1233 2.3450 e 175133 — 211233 . 505
- 0.6073 - :

For this value of 1, P < 0.0005 (df = 29) or P is very small (df = 57.998). This is strong
evidence that customers spend more when the lavender odor is present.

No scent Lavender No scent Lavender
98 6 9112
322 7 13
95 | 7|6 14
44 3 99999999999999 | 15
7765 8189 16
32221 9| 234 17
86 9| 578 555555555555 | 18 | 55555555555
31 110§ 1234 19
9776 | 10 | 5566788999 ‘ 512017
11|14 9 | 21 ] 5599999999
8| 1116 22 | 3558
112114 23
12 | 69 24 | 99
13 5125159
1317
18.10. (a) The “compressed” stemplot shows no particular cause Compressed Intermediate
for concern. The “intermediate” stemplot shows the skewness 26| 8 2199
and outlier described in the text. Note that these stemplots do 27 310111111
not allow for easy comparison of the two distributions because 2716888 3) 2333
y comp 0 dis ‘ 28|122 3| 4445
the software used to create them used different scales (leaf 281 66 3l 6
units). (b) We wish to test Hy: pc =y vs. Hy: e < puy. The 291024 318
summary statistics are: 29168 4
n i s 3010 412
30 88
Compressed 20 29075 0.1390 31
Intermediate 19 32874 0.2397 31168

We compute SE = /&0 | 0297 = 006317 and 1 = 220332874 = _6,013. Regardless

of the chosen df (conservative 18, or the software value 28.6), the P-value is very small; this
is very significant evidence that the mean penetrability for compressed soil is lower than the
mean for intermediate soil.

Minitab output
Twosample T for Comp vs Inter

N Mean StDev  SE Mean
Comp 20 2.908 0.139 0.031

Inter 19 3.287 0.240 0.055

95% C.I. for mu Comp - mu Inter: ( -0.509, -0.250)
T-Test mu Comp = mu Inter (vs <): T= -6.01 P=0.0000 DF= 28
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18.11. We have two small samples (each n = 4), so t procedures are not reliable unless both
distributions are Normal. ’

18.12. Use the means and the standard error SE = 0.06317 found in the solution to
Exercise 18.10, and critical value t* = 2.101 (df = 18)' or t* = 2.047 (df = 28.6). The
95% confidence interval is X; — X2 & t*SE, which gives —0.5126 to —0.2471 (df = 18) or
—0.5092 to —0.2506 (df = 28.6). Minitab’s result, shown in the solution to Exercise 18.10,
is based on the truncated df = 28.

18.13. Here are the details of the computations:
12.6961

SEr = = 2.2803
F m
12,2649 .
SEy = = 1.7890
M m
SE = /SE% + SE3, = 2.8983
SE* 70.565 .
= , 2 7= 7239 — 028
1 (12.69612\" 1 (122649 e
30 31 46 47
_ 555161 ~57.9149 .
t= SE = —0.8276
18.14. The means and standard deviations are not given Group 3 s s2/n
in Figure 18.5, but they are easily computed. They are 7 weeks 1238 4.6043  4.24
shown in the table on the right, along with s?/n; and 18 week 1164 160873 51.76

s% /n2, which we need to find the standard error and degrees of freedom. Here are the details
of the computations:

SE = +/4.24 1 51.76 = 7.4833
SE* 3136

df = =
142492 + 1(51.76) 674.2688

= 4.651

12381164

SE = 0.9889

18.15. Reading from the software output shown in Exercise 18.13, we find that there was no
significant difference in mean Self-Concept Scale scores for men and women (f = —0.8276,
df = 62.8, and P = 0.4110).

18.16. (a) We have a single sample, and only one score from each member of the sampie.

18.17. (c) We consider the boys and girls as being two independent samples.

18.18. (b) Measure the amount of pollutant in each carp using both methods, and examine the
differences between those pairs of measurements.

‘ r 18.19. (b) This is the definition of robust.
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18.20. (a) We have two independent samples, each of size n = 8, so df = 7.

1821. (b) SE = /% + 12 = 5,50, and 1 = 10389 = ) ge,

18.22. (c) Random-digit dialing should produce something close to an SRS, and the samples
are easily large enough to overcome non-Normality (especially because the scale 0 to 20
limits skewness and outliers in the distribution of scores).

18.23. (a) Our alternative hypothesis should express our suspicion that men are more prone
to road rage than women. (We assume that a high road-rage score means a subject is more
prone to road rage.)

18.24. (b) Using Table C, refer to df = 100, where we see that 3.174 < 1 < 3.390. This means
that P is between 0.0005 and 0.001.

18.25. (a) To test the belief that women talk more than men, we use a one-sided alternative:
Hy: uy = pr vs. Hy: py < pr. (b)—~(d) The ¢ statistics, degrees of freedom, and P-values
are given in the table below. The two-sample ¢ statistics are ad .

Vsiing +5i/ny

values would tend to s'upport H,. The conservative df is the smaller sample size, minus 1.

, SO positive

Study t df  Table C values P-value
i —0.248 55 it| < 0.679 P >0.25
2 1.507 19 1328<t <1729 0.05< P <0.10

For Study 1, we use df = 50 in Table C. (e) The first study gives no support to the belief
that women talk more than men; the second study gives only moderate (not significant)
support.

18.26. (a) The two standard deviations are s, = 7v/9 = 21 and 5, = 10/11 = 33.1662.
(b) Using Option 2, with sample sizes 9 and 11, we take df = 8. (¢) We ftind
SE = V72 + 102 = 12.2065 g. With t* = 1.860 (df = 8), the 90% confidence interval is
(59 — 32) £ ¢*SE = 4.301 to 49.699 g. (For comparison, using the software df = 17.08,
t* = 1.7392 and the interval is 5.771 to 48.229 g.)

18.27. (a) If SEM = s//n, then s = SEM x /n. Arithmetic

Location n X K}
gives the table on the right. (b) The smaller sample has n = Oregon 6 269 382
6, so the conservative df is 5. (¢) SE = +/1.562 4+ 2.682 = California 7 119 7.09

3.1010, so ¢ = ZWT‘Q = 4.837. (d) Because 4.773 < 1 < 5.803, the two-sided P-value is
between 0.002 and 0.005. (Software gives P = 0.0047.)

18.28. (a) Parents who choose a Montessori school probably have different attitudes about
education than other parents. (b) Over 72% of Montessori parents participated in the
study, compared to less than 28% of the other parents. (¢) To test Hy: ppy = e Vs.

2 2
H,: ny # pe, we find SE = %lgL + 4'T179~ = 1.0122, so the two-sample test statistic is

= IQS—E” = 1.976. This is not quite significant the 5% level: P = 0.0545 with df = 43.5,

or 0.05 < P < 0.10 with df = 24.
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18.29. (a) A placebo is an inert pill that allows researchers to account for any psychological
benefit (or detriment) the subject might get from taking a pill. (b) Neither the subjects
nor the researchers who worked with them knew who was getting ginkgo extract; this
prevents expectations or prejudices from affecting the evaluation of the effectiveness of

0.014622 0.01549% . e
TR T > = 0.0048, so the two-sample test statistic is

the treatment. (¢) SE = \/

¢ = Q03B _00P% - 5 147, This is significant at the 5% level: P = 0.0387 (df = 35.35)

or 0.04 < P < 0.05 (df = 17). Those who took gingko extract had significantly more misses
per line.

18.30. “Do Hispanic and Anglo bank customers differ?” calls for two-sided tests: Hy: p = w2
vs. H,: 1y # uy (for both reliability and empathy). The table below gives the standard
errors, 1 statistics, degrees of freedom, and P-values for both tests. (The conservative
df would be 85, but for use with Table C, we must take df = 80.) Both results are very
significant; there is strong evidence that Anglos value reliability more than Hispanics do,
and that Hispanics value empathy more than Anglos do.

5 3 __ Conservative Software
SE= /42 Db g p df P
nj 12 SE
Reliability 0.1182 3.892 80 < 0.001 143.69 0.00015
Empathy 0.1196 —3.595 80 < 0.001 17108 0.00042
. . 0.60? 0.57% .
18.31. To test Hy: pa = pp vs. Hy: a4 # wg, we find SE = 5 + 5 = 0.2571, so the
192~ 1.74

two-sample test statistic is 1 = = (.7. This is clearly not significant: P > 0.5
(df = 8) or P = 0.4930 (df = 17.85). There is no evidence of a difference in mean stress
level between Asian and European mothers.

18.32. (a) The appropriate test is the matched-pairs test because a T-Test
student’s score on Try 1 is certainly correlated with his/her score ti?g 1568787
on Try 2. (b) To test Hy: . = 0 vs. H,: u > 0, we compute E:%é??35415'22
t = 5—}3%7 = 10.16 with df = 426, which is certainly significant ﬁﬁzg
(P < 0.0005). Coached students do improve their scores. The L
TI-83 output screen (on the right) shows that the P-value is, in Tinterval
fact, much smaller than 0.0005! (c) Table C gives r* = 2.626 for £21.612,36.388)
df = 100, while software gives t* = 2.587 for df = 426. The Sx=09
confidence interval is 29 % £*59/V/427 = 21.50 to 36.50 points (or | 3¢
21.61 1o 36.39, using the software critical value). The TI-83 output g

confirms the more exact interval.







