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APPENDIX B

Answers to Selected Odd-Numbered
Exercises

Chapter 1
1. a. An individual automobile b. All automobiles of that type used in the EPA

3. a. All students at the Universny of Wisconsin b. A statistic, since calculated
only for the 100 sampled students

5. a. All adult Americans b. Proportion of all adult Americans who would answer
definitely or probably true . Sample proportion 0.523 estimates population
proportion d. No, it is an estimate of the population value but will not equal it
exactly, because the sample is only a very small subset of the population.

7. a.857% b.85.8% .. 74.4%, higher for HEAVEN

9. a

15. Inferential statistics are used when you have data only for a sample and need to
make predictions about the entire population.

17. a. The percentage in the Eurobarometer sample for a country who say “‘yes.”
b. The population percentage (or proportion) in a country who would say “yes,”
¢. 45% of 631 sampled in the UK say “yes.” d. The prediction that between
41% and 49% of the UK population would say “‘yes.”

Chapter 2

3. a. Ordinal b, Nominal c. Interval d. Nominal e, Nominal f. Ordinal
g. Interval
h. Ordinal i. Nominal J-Interval k. Nominal

a. Interval b, Ordinal c. Nominal

7. a.Ordinal b. discrete ¢. Statistics, because they apply to a sample of size 1962,
not the entire population

9. b,c,d, e,f 11. Students numbered 10, 22,24,
13. a. observational b. experimental ¢. observationa] d. experimental
15. a. Different organizations choose different samples, and so there is sampling

»n

19. Skip number is k = 5000/100 = 50. Pick a number at random between 1 and




X B

e 1

Answers to Selected Odd-Numbered Exercises

21. a. (i) yes, (ii) no b. (i) no, (ii) yes e¢. Cluster: Samples all subjects in some of
the groups; Stratified: Samples some subjects in all of the groups

25. Nonprobability

29. Because of skipping names, two subjects listed next to each other on the list
cannot both be in the sample, so not all samples are equally likely.

31. Every possible sample is not equally likely. For example, the probability is 0 of
a sample for which everyone is in the same cluster.

33. Cluster sampling followed by simple random sampling

35. ¢ 37.a 39.False

Chapter 3

1. c.categorical d.Mode = Central America
3. a. 33 students, minimum = 65, maximum = 98
7. a.Mean = 57.4 b.Median = 17, very different because the outlier (California)
affects the mean but not the median
9. a. Not far enough b. Median = not far enough, mean requires scores for
categories
5. b.16.6 ¢.12.0 d.13.9 e.Mean = 27.6, Median = 24.0, Standard deviation =
12.4; the lengths of stay tended to be longer 25 years ago f. Of the 11 observa-
tions, the middle in magnitude is 13.0, the median; cannot calculate mean, but
substituting 40 for censored observation gives lower bound for it of 18.7.
7. b. Median = 2 or 3 times a month, Mode = Not at all. ¢. Mean = 4.5
9. a.Mean = 73.2 b.Median = 16, very different because the outlier (California)
affects the mean but not the median
13. Skewed right, which pulls mean out in right tail above median
15. a. Mode = every day, median = a few times a week
17. a. Response = family income in 2003, explanatory = racial-ethnic group
(white, black, Hispanic) b.No ¢. The sample size for each group
19. a.median = $10.13, mean = $10.18, range = $0.46, standard deviation = $0.22
b. median = $10.01, mean = $9.17, range = $5.31, standard deviation = $2.26.
The small outlier drags the mean down, but increases the range and standard
deviation substantially
21. Mean = 26.7, standard deviation = 11.1
23. a. (i) $40,000 to $60,000, (ii) $30,000 to $70,000, (iii) $20,000 to $80,000
b. Yes, it would be five standard deviations above the mean, which would be
very unusual for a bell-shaped distribution.
25. a.88.8 b. No, the distribution is extremely skewed to the right.
27. a.04 b. -10.0
29. a. Skewed to right b. Yes, the maximum is 43.5 standard deviations above the
mean.
31. a, $28,700 b. $9600
33. The large outlying observation increases the mean somewhat, increases the
standard deviation moreso, and has a very strong effect on increasing the
maximum and the range. The quartiles are unaffected.
35. Expect mean to be greater than median in cases a, b, d, since distributions
are probably skewed to right; expect median to be greater in cases c, e since
distributions are probably skewed to left.

39. a. minimum = 0, Jower quartile =

Appendix B Answers to Selected Odd-Numbered Exercises 569

. 2 i = .
maximum = 14 ¢, outliers at 12 and 14 ,dgedlan 3 upper quartile = s,

41. b. Skewed right

43. a, min = 1,LQ = 3, Median = 5,UQ = 6, max = 13 b.min = 1,L.Q =

3, Median = 5,UQ = 6, max = 44, so th

i € very large value affects only the

45. 2.388 b.0.76 c. (i) 2.48, (ii) 3.58

47. a. Response: opinion about health insurance

49. a. 1.2 and 32 b. Nation

political party (Democratic, Republican) (favor or oppose); Explanatory:

2 s with hi
Fertity Tt higher use of the Internet tend to have lower

51. a. positive b, Luxembourg is extremely high on both variables,

53. a. Sample mean and population mean

B ulation st dare oL b. Sample standard deviation and

63. Median = $86,100
67. Any nominal variable, such as religious affiliation

69. a. Mean can be misleading with very hi

7. a.F b.F ¢T d.T 73.c

ghly skewed distributions or extreme out-

liers i irecti i i
n one direction. b, Median can be uninformative with highly discrete data

75. Standard deviation

77. Population sizes vary by state, and the

overall rate gives more weight to states

wi i i
th larger population s1zes, whereas the mean of the 50 measurements gives

the same weight to each state,

Chapter 4
1. 0.80
3. b. (i) 30/96 = 0.312 il) 88/10
312, 21 = . .
o B o (ii) 88/1021 = 0.086 «. (i) 30/1117, (ii) (0.086)(0.312)
5. b.0.13
;. aP0)=P1)=...=P9) =01 b.45 c.29

25,

27.

- & z = 1.0 gives tail probability 0.1587, thus two-tail probability 2(0.1587) =

11.
13.
15.
17.
19.
21.
23,

0.317, or probability between
; # — candu + _ _
2.0.67 b.1.64 o 196 d.233 e.253 H oequaltol 0.317 = 0.683.

5% is in each tail, for which 7 =

, z = 1.64, and th i i
a.0.018 b.0.018 ¢ 0.982 d.0.964 T L6k the Sth percentie.
a.2.05 b.133
2.0.106 b.120.5 c. 89, 100, 111
a.021 b.11.8 ¢ skewed right
a. The ACT score, which is 7 = 1 7 i

e, W = 1.7/ standard deviatio
to SAT score which is 7 = 1.0 standard deviations abg\szea;(;v:nmean’ sompared

a.27.8% b.No, prob i i i
a2 8% probably skewed right since mean is only 1.2 standard deviations
aP(0)=P(1)=05 b P(0) =02
. S b, = 0.25,P(0.5) = 0.5,P(1) =
:;. ll';((g) " (()).125, P(1/3) = 0.375,P(2/3) = 0.375, P(l)( =) 0.1(2)'525
}; 3 )_— .0625,P(0.25) = 0.250,P(0.50) = 0.375, P(0.75) = 0.250
(1) = 0.0625 e. Becoming more bell shaped ' o
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29. a.0.0104 b. Yes, the sample proportion would be 5.7 standard errors below the
mean, which would happen very rarely. c. Predict that Brown won
31. a.Mean = 0.10, standard error of yis o/ /n = 316.23/ /1,000,000 = 0.316.
b. For the sampling distribution of the sample mean, 1.0 has a z-score of
(1.0 — 0.10)/0.316 = 2.85. The probability that the average exceeds 1.0 is the
probability that a z-score exceeds 2.85, which equals 0.002.
33, a. z = —0.67, probability 0.25 b. By CLT, approximately normal with mean
100 and standard error 15/+/25 = 3.0. z = —3.33, probability = 0.0004 below
90. c. No (only 0.67 standard deviations below mean). Yes, since probability is
only 0.0004 of sample mean of 90 or less.
35. a. Number of people in a household b. mean = 2.6, standard deviation = 1.5
c. mean = 2.4, standard deviation = 1.4 d. mean = 2.6, standard error = 0.1
37. a. Standard error = 3.0/ +/36 = 0.50; distance of 0.5 has z-score of 0.5/0.5 =
1.00, and 0.68 of a normal curve falls within 1.00 standard errors of mean.
b. Standard error = 3.0/ +/100 = 0.30; 0.5 has z-score of 0.5/0.3 = 1.67, and
0.90 of a normal curve falls within 1.67 standard errors of mean. ¢. Yes, because
4.0 falls (4.0 — 5.2)/0.3 = —4.0standard errors from mean, which is extremely
unlikely for a normal distribution.
39. a. Skewed left, mean 60, standard deviation 16
b. Mean 58.3, standard deviation 15.0, probably skewed left (It looks like the
population distribution).
¢. Mean 60, standard error 1.6, normal (by CLT)
d. An observation of 40 is 1.25 standard deviations below the mean, which is not
unusual, but a sample mean of 40 is 12.5 standard errors below the mean of the
sampling distribution of the sample mean (extremely unusual).
47. a.441 b.4
49. Ifhalf of population voted for Clinton, sample proportion would be 12.4 standard
errors above 0.50, extremely unlikely. Predict Clinton won.
51. a,c,d 53.False
55. a.0% = (0 — 0.5)2(0.5) + (1 — 0.5)%(0.5) = 0.25,and 0 = 0.50
b.u=01-7)+ lYm)=m
¢. Substitute o = m(1 — ) (from (b)) in standard error o/ /n.
57. a. Finite population correction = J@0,000 — 300)/(30,000 — 1) = +/0.99 =

0.995.

b. Finite population correction = 0,s0 oy = 0.

¢. For n = 1, the sample mean is a single observation from the population, so
the sampling distribution is the same as the population distribution.

Chapter 5

1. 0.716 3. 0017 5. \/(0.51)(0.49)/1008 = 0.0157, and margin of error =
2(0.0157) = 0.031
7. a./(0.36)(0.64)/883 = 0.016 b.1.96(0.016) = 0.03 «. 0.36 £ 0.03, or (0.33,

0.39)
9, 95% CI is 0.19 + 1.96(0.0113), which is (0.17, 0.21), and 99% CI is 0.19 +
2.58(0.0113), which is (0.16, 0.22)
11. a. 0.02 probability in two tails, so 0.01 in each tail, or z = 2.33.
b.1.64 ¢ 0.67 d.3.0
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13. a. 0. i
a. 0.364, 0.636  b. The 95% confidence interval of (0.33, 0.40) suggests that a

minority supports legalizati .
trend. g tion. ¢. The proportion has somewhat of an increasing

15. 0.255+2.58(0.002), or (0.25, 0.26)

17. a.

7 :10 S()é;wb::cifi/t( I?e‘:gt) é r()vgf)gc/) ﬁOQt= 0.;10 li 0.06, or (0.34,0.46). Can predict Jones

) sistsen i
to Jones receiving a minority of the vgt?e.y ornumbers below 0.5, comesponding
l;;eodéilg ;!: 2'.58\/(0.40)(0.60)/4}0 = 0.40 + 0.20, or (0.20, 0.60). We would not
predict winner, bgcause.the interval contains numbers both below and above

b. - 1he point estimate is the same as in (a), but the interval is m h wid
ecause the sample size is so much smaller. i e
19. a.2.776 b.2.145 ¢.2.064 d.2.060 e.2.787

21. a. v/ i
1 :Ih eS(ZleSfi{) utli(())?l7is glg'll‘ll;; Slla:rge thtlndlellrd deviation relative to the mean suggests
ewed to the right, and there may be ext i
23. a.1.77/4/397 b.2.89 + 1.97(0.089) is (2.7, 3.1) N

25. The confidence interval is a icti
prediction about the population m
where values of y fall for individual subjects. Wé) can be 965a‘1’}c: Ilg;gg:ﬁ:

that the population i
per day. pop mean TV watching falls between 2.60 and 2.93 hours

27. a. No, the mean exceeds the i i
No, median and is only 20.3/18.2 =
;iii\::l:t'lzops abcl)ve 0, sz the distribution is probably skewec/l to the ri;hlt St:ng?ersd
15 50 large, the sampling distribution is normal b ral Limit
. : the C i
. :heorem. 'I“he interval is 20.3 + 2.58(18.2)/ /1415, or (19.% 2165) enirel Limi
. si.m 'Ii‘ll:z S\izzlélablteil cannot take negative values, but the standard deviation has
distribution?re ;rgllf:l;l].y ?ithough .tl;le pzpulation distribution and sample data
: ewed right, the sampli istributi

mean is bell-shaped by the Central I%irnit Thegrlgnlll.lg distribution of the sample

31. a.4.2342.58(0.0387) is 4.23 + 0.10, or (4.13, 4.23)

b. (i) narrower, (ii) wider v wi
{ : ) ¢. Interval scale i
air of adjacont cateaoriac » With equal spacings between each

33. a.

5 : 69

6 : 04

7 : 003789
8 : 33456
9 : 022346
10 : 008
11 : 12

12 : 024
13 : 9

It is probably roughly mound shaped. b.y = 90.0, s = 20.7

c.se = 20.7//30 = 3.77 % . 3
90.0 £ 77, or (823, 977, , 80 95% confidence interval is 90.0 +2.045(3.77) =

35. n = (1.64)2(0.30)(0.70)/(0.06)2 = 157

37. a.n =
52.431 (1.96)%(0.1)(0.9)/(0.02)2 = 864 b.n = (1.96)2(0.5)(0.5)/(0.02)2

39. n = (1.96)%(0.83)(0.17)/(0.03)2 = 602
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i bout three standard
mpasses the mean plus .and minus a <

H Elfev(zatti%nlss t?llécl:lo tlﬁe standard deviation is approximately 3, and we nee
= (1.96)2(3)%/(1)? = 35. ’ |

3 ; c(lo no)t lga\)/e/a(,t least 15 in one of the categories (death Peforse/ ;;iuith(;)cltcllg
= U(s):e formula after adding 2 outcomes of each type to get —607 o (0.028,
with se = \/(0.147)(0.853)/34 = 0.0607 and CI 0.147 + 1.96(0.0607), .028,

. . .
45 ?n2d612<)as of the n = 30 ordered observations for the interval are (n + 1)/2

= 15.5 + 5.5, or 10 and 21. The 10th smallest ob_servation i5976%8;1d the 21st
s{n;ill;ast (10th largest) is 96. The confidence interval is ($7900, $9600).

o= = d CI is
49. a. 7.27 + 2.00(6.72)/ /60, or (5.5, 9.0) b. 7 = 31/60 = 0.517, an
0.517 + 1.96,/(0.517)(0.483)/60, or (0.39, 0.64).
o, & oGl Tually 1, since we must use such a large
ly be too wide to be very useful, sin I .
o Ito‘:: El;d=u 83113; }c;r t-score in forming the interval. b. A 25% cclmﬁdence interval
flassc too low a chance of containing the unknown parameter value. R
61. The greater the heterogeneity, the greater th'e value 02f . Henlcc:ier,e el flarger
. am gle size needed, since n is directly proportional to o*. IF wotu 5 ;]n irc a [Arger
:amgle to estimate mean age to within 1 year than t}? estlmaai;;) 2
i ithin 1 year, since age is much more v .
T o aieet mforoe i h u have only a sample from the
tistical inference is needed when you '
. Nc? ’usliignl but here you have data for the entire popula'tlon. o
65 I; $Vith n =’ 30 and # = 0.50, there were 30(0.50) = 15 in each category,
. is. the minimum needed to use this method.
) 69.b, e . ‘
n :N e 95% confident that the population mean age at first marrllage ﬁel:tlégt“t/ﬁzg
i d 23.0. If random samples of 50 records were repeatedly sele t i’n e
'Zlfhaenlong. r.un 95% of the confidence intervals formed would conta
in

population mean.
Boyn=ny — (n +y2+ -

* 4 ypo1) 5.7 =00

Chapter 6 | .
1. a.null b.alternative e alternative d.Hy: 7 = 0.50,.Ha.'n' < 0.2:;153 n
. 2(0.149) = 0.30, so it is plausible that the population mean ecll1 ull. -
> ;. 2(0. 0062) =0 0,12 which is much stronger evidence against the null.
P.-vallies give stronger evidence.

. 0.149, 0.851 B i
5 ; ?= (103 — 100)/2 = 1.50, P = 2(0.067) = 0.134 b. = 3.00, P=0

. An effect of a given size has smaller P-value when the sample siz; i(s) l(';llrgzr.P 4

7. a. Hy: o = 500, Hy: o # 500,¢ = (410 — 500)/30 = —3._0,0d£2; tl;efe <

. 0.020(.::tual value is 0.017, which we could report ft P _ﬁd. é there 1 S
e;/idence that the mean differs from 500, and a 95% confidenc

t it is less than 500. _
;u%‘gitg%i lvelry strong evidence that mean less than 500. ¢. P = 0.99

- JO96 = 0.0397, 1 =
Tp = : b. Standard error = 1.253/ V996 _
i Ig%s'z#——o())}(f{él3§7ﬂ=¢—01.31,P — 0.19. Do not reject Ho. It is plausible that

true mean = 0.
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¢. No, the CI in (d) shows that many values are plausible other than 0, We can
never accept Hy.

d. (-0.13,0.03), and 0 in CI corresponds to not rejecting Hy in (b).

11. a = 0.01; when reject at ¢ = 0.01 level, the 99% CI does not contain My value
of parameter.

13. a.z = (0.35 - 0.50)/\/(0.50)(0.50)/100 = -30 b.P= 0.00135, which gives
strong evidence in favor of H, that 7 < 0.50,

¢. Reject Hy and conclude that 7 < 0.50.
d. Type I error. Use smaller a level.

15. a. Hy: m = 0.5,H,: 7w # 0.5 b. z = —3.9 means the sample proportion is 3.9
standard errors below the Hy value of 0.5. e If Hy were true, the probability
of getting a sample proportion at least 3.9 standard errors from 0.5 would be
0.000 (rounded to three decimal places). d. This shows how far from 0.5 the
population proportion may plausibly fall.

17. z = (0345 — 0.333)/\/(0.333)(0.667)/116 = 0.26, P-value = 0.40. Cannot
reject Ho, and it is plausible that the astrologers are randomly guessing.

19. a. 7 = 230/400 = 0.575,s¢g = (0.5)(0.5)/400 = 0.025,z = (0.575 — 0.5)/

0.025 = 3.0, P-value = 2(.00135) = .003 in testing Hy : w = 0.5 against
Hy:m # 0.5, giving strong evidence that =7 < (.5.
b. 7 = 23/40 = 0.575 again, but sey = v(0.5)(0.5)/40 = 0.079, ; = (0.575 —
0.5)/0.079 = 0.95, P-value = 2(0.17) = 0.34. We would not predict a winner,
since there is a moderate probability (0.34) of one or the other candidate having
at least 23 supporters out of a random sample of size 40, even if exactly half the
population favored each candidate.

2. a. Hy: m = 025, Hy: 7w > 0.25, where 7 = population proportion correctly
answering the question.
b. 7 = 125/400 = 0.3125, seq = \/(0.25)(0.75)/400 = 0.022, z = (0.3125 —
0.25)/0.022 = 2.84, for which P = .002. There is very strong evidence against

Hy. We conclude that the proportion answering correctly is greater than would
be expected just due to chance,

23. a. Jones gets ¢ = (519.5 — 500)/10.0 = 1.95 and P = 0.051; Smith gets
t = (519.7 — 500)/10.0 = 1.97 and P = 0.049.
b. For @ = 0.05, Jones does not reject Hy but Smith does. Only Smith’s study is
significant at the 0.05 level.
¢. These two studies give such similar results that they should not yield different
conclusions. Reporting the actual P-value shows that each study has moderate
evidence against Hy.

25. 1= (497 - 500)/[100/ +/10,000] = —3.0, P-value = 0.003, which is highly sta-

tistically signficant, yet 497 is so close to 500 as to be practically indistinguishable
from it.

27. 40/(40 + 140) = 0.22

29. a.m =05 + 1.64,/0.5(0.5)/25 = 0.664 gives z = 1.64and P < 05,
b. z = (0.664 — 0.60)/0.1 = 0.64; fail to reject if 7 < 0.664, which happens
with probability 0.74.

31. a.0.49; P(Type II error) gets larger as u gets closer to the value in Hy.

b. 0.16, compared to 0.045 when & = 0.05. The P(Type II eITor) increases as o
decreases, for a fixed value in H,.

¢. P(Type II error) decreases as 1 increases, for a fixed value in H,.




Answers to Selected Odd-Numbered Exercises

33.

35.

37.

39.

43.

45.

47.

49.

51.

a. Let 7 = probability she guesses correctly on a particular flip. We test Hy:
@ = 0.5 against H,: m > 0.5.
b. Find the right-tail probability for the binomial distribution with n = 5 and
« = 0.5. That is, the P-value is P(4) + P(5) = 5/32 + 1/32 = 0.19. This
outcome is not unusual if she does not actually possess ESP. Her claim is not
convincing.
a. Binomial mean and standard deviation for n = 1,000,000 and 7 = 0.0001 are
w = 1,000,000(0.0001) = 100 and o = m00000(0.0001)(0.9999) = 10.0
b. Yes,0is (0 — 100)/10.0 = —10 standard deviations from the expected value.
¢. Region within two standard deviations of the mean is (80, 120).
d. n = 200, o = 14.1, values tend to be larger and more variable than for
females.
a.y =3.033,s =164,z = —4.57, P < 0.0001, so there is strong evidence that
political ideology differs from 4.0. The sample mean suggests that u < 4.0.
b. #+ = 0.783, for which z = 5.32 and P < 0.0001. There is very strong evidence
that the proportion favoring legalized abortion differs from 0.50 (in fact, is larger
than 0.50).
y = 40,5 = 2.0, = (40 — 0)/1.0 = 4.0,df = 3,001 < P < 0.025 for H,:
© > 0 (actual P = 0.014); moderately strong evidence that w > 0.
¥ = 2.39,s = 6.45,s¢ = 1.20,¢ = 1.99, P = 0.056 for Hy: p1. # 0. This observation
makes difference in terms of whether the two-sided test is significant at the 0.05
level.
a. A Type I error occurs when one convicts the defendant, when he or she is
actually innocent; a Type II error occurs when one acquits the defendant even
though he or she is actually guilty.
b. To decrease P(Type I error), one gives the defendant additional rights and
makes it more difficult to introduce evidence that may be inadmissible in some
way. This makes it more likely that the defendant will not be convicted, hence
that relatively more guilty parties will be incorrectly acquitted.
¢. You will be unlikely to convict someone even if they are truly guilty.
a. The P-value is less than 0.05. If Ho were true, the probability of getting a
sample result like the observed or even more extreme (more contradictory to
Hp) would be less than 0.05. Thus, the data suggest that Hy is false, meaning
that the population mean has changed.
b. P = 0.001 would provide much more evidence against Ho than P = 0.04, for
instance, yet both are significant at the 0.05 level. It would also be informative
to report the sample mean and standard error, so the reader can construct a
confidence interval of any specified confidence level, if desired.
Assumptions are never exactly satisfied, so the actual sampling distribution is
only approximated by the nominal one (standard normal or ), and it is overly
optimistic to report P-values to several decimal places.
a. For each test, the probability equals 0.05 of falsely rejecting Ho and com-
mitting a Type I error. For 20 tests, the number of false rejections has the
binomial distribution with n = 20 and 7 = 0.05. The expected number of
false rejections is the binomial mean, p = n7m = 20(0.05) = 1. That is,
we expect about 1 researcher to reject Ho, and the result of this study may
then be the one published. This policy encourages the publishing of Type I
errors.
b. Of all the studies conducted, the one with the most extreme or unusual results
is the one that gets substantial attention. That result may be an unusual sample,

‘I
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;wth the sample mean far from the actual population mean. Further studies in
ater research would reveal that the true mean is not so extreme.

53. b,e 55.a,c 57.F,T,F, T
59. The value in Hy is only one of many plausible values for the parameter. A

61.

63.

65.
67.

Cha

1.
5.

7.
9.

11.

13.
15.

17.

19.

%\%r;ﬁ?;r:;.e ir;tervalgvould display a range of possible values for the parameter
inology “Accept Hy” makes i i . :
plausible one. Pt Ho" makes it seem as if the null value is the only

a. Hy either is, or is not, correct. It is not a iabl
probability statements about it. R °0 S cmiot phesse
b. If Hy is true, the probability that j = y i
; y = 120 or thaty = 80 (i.e., that yis at |

20 frqm ®o = .100, so that [z] is at least as large as observed) is 0.057.y o east
¢. This is true 1f f‘,u. = 100” is substituted for “wx # 100.”
?l;eTlfl’evI;fl?:a'l%llljltyPOf ’Il‘ypg I error equals o (which is not specified here), not
ey - 1he F-value is compared to « in determining whether one can
e. Better to say, “We do not reject Hy at the a = 0.05 level.”
f. No, we need P =< 0.05 to be able to reject Hy.
a. Binomial, » = 100, = = 0.05
b. No, if Hy is correct each time, the probabilit

’ ’ Sh -
all five times is (0.05)° = 0.0000003. Y she would geta Prvalue 0.05
Would get 7 = 0.0, se = 0.0, and z = —oo. This cannot happen using seg.

a.x =5, P-value = 1/32 = 0.03. b. No value of x has P-val
oge * M hd - <
the probability of x such that the P-value is < 0.05. value <001 e 1/32,

pter 7
Independent samples 3. 0.204,/(0.02)2 + (0.02)2 = 0.028
24 pounds, se = |/(2)2 + (2)2 =2.83 b.164/140 = ich is 17% hi
¢. Difference = 25 pounds, ratio = 1.15 / 147, Whichis 17% higher
a. %’32/58 = 14.3 b.0.00832 — 0.00058 = 0.00774 c. relative risk
a. We can be 95% confident that the population i
_ . proportion who have st
sexqal 1qtercourse_1s between 0.18 and 0.26 higher for those who listenvfoslc'c)ltrst eoc;
Lnlglc with degrading sc?xual messages than for those who listen to little or none
Séxu);r;r?ely strong infljlen(:fe that the population proportion who have starteci
mtercourse is higher for th i ic wi i
coxual mecsoonr g ose who listen to lots of music with degrading
a. \/(0.399)(0.601)/12708 + (0.482)(0.518)/8783 = 0.00
(02069) 2 (0.07.b.10) )/ 0069 b. 0.083 + 1.96
0.19 + 1.96(0.0216) = (0.15,0.23)

b. 7 = 0.36,se = 0.0324,z = 0.62. ¢.P = 0.53. d.E i
' »se = 0. , .62. ¢.P = 0.53. d.Educat i
the estimated difference is 0.14, compared to 0.02 for gendc;cr).rlal fovel, forwhich

95% confidence interval comparin i i

corr g proportions for women and men is (0.060 —
(t)).OSIf) + 1.96(0.010), whlqh is (—0.015,0.025). The population proportic()ns could

e the same, and if they differ, the difference is quite small.
a. We can be 95% confident that the mean numb i
i er of close friends for male
is between 1.5 i i .
females.en lower and 2.7 higher than the mean number of close friends for
b. The standard deviations exceedin i
: g the mean suggests that the distributi

may be highly skewed to the right. This does not affect the method, tl)ecrallul;el?llll:
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sampling distribution of the difference between the sample means is approx-

. . 49. a.(i)95% CI4 + 3.4 . )
imately bell-shaped for such large sample sizes. Extreme skew may make i 4, or (0.6,7.6) comparing population
the mgans less lll)SGful than the medians, especially if there are also extreme 22{:;3513_-1160&& hous.eholds aqd householgf wlzth both rgii?ggr;g?n?rlesnutppqrt
outliers. 51, miThe Sar_n pl-((:: for ‘tjestmgdequahty of population means. P s- (i)
21. a. Difference between sample means = 4.9. b. We can be 95% confident that © e -S aré dependent, so you need to know the :
the population mean HONC score is between 4.1 and 5.7 higher for smokers tfcl)zgc))urfposmble sequences of responses on the two qu:;ggle(?zol)((;;t‘:gnsbﬁor
than for ex-smokers. ¢. Probably highly skewed to the right. This does not affect % The ( aVOTab}e, not good), (unfavorable, good), (unfavorable .nc';t 0 dra >
inference, because the sampling distribution of the difference between sample 53 E. € sample size for the 2000 survey > notgood)).
means would be bell-shaped for such large samples. . . ach standard error is 3.16. The standard error for th e difference b
23. There is strong evidence that the population mean is slightly higher for females, aWSS;ample means 1s \/(3.16)2 + (3.16)2 = 4.47. The margin ofe etween
but the confidence interval shows that the difference is small. o confidence interval co error for

For . mparing two means is about 2(4.47) —
25. a. Can conclude that population mean is higher for blacks. 01 i?;.gl))a;;na eC:nac:adand the U.S.., the interval would be (9‘0 :g 5o 8.09r.
b. If population means were equal, it would extremely unlikely to observe a mea’ns. ) onclude an actual difference exists between the populaiion
difference as large as we did or even larger. 55. Since se for the di _
¢. The 95% CI does not contain 0, and the null hypothesis of a 0 difference is lar tﬁr e difference is \/(sel)z
between the population means would be rejected at the a = 0.05 level (since mar ger than the se for estimating on
gins of error.

the P-value is smaller than 0.05).

+ (se2)?, the se for comparing two means
e of those means. The same is true for the

27. Estimated standard erroris49.4/ /12 = 14.3,and test statisticist = 70.1/14.3 = 57 a.
4.9.
29. a. The evidence is weak against Hp of equal population means. b. The 95% Number Males Possible Samo]
confidence interval contains 0, and the hypothesis of 0 difference between In Sample OFf Sine 3p es
population means is not rejected at the 0.05 level.
31. a. 20 in each case ¢ 20 + 4.303(2.887), which is 20 + 12.4, or (7.6, 32.4) (1) (F1, Fy, Fs)
d.t = 20/2.887 = 6.93,df =3 — 1 =2, P = 2(0.01) = 0.02, so relatively . (M, F,F) (M1, Fy, F;) (My, Py, Fy)
strong evidence that therapy B has higher population mean improvement scores. 1 (Ma, Fi, F) (M, Fi,F3) (M), Fy, F )
33. The sample standard deviations are quite different, so we might not trust the > £M3,F1,F2) (M3, Fy, F3) (M3, Fy, F3)
results based on assuming equal variances. The approximate test without that 5 (Fl,Ml., M>) (Fy, My, M5) (F1, My, M3)
assumption shows very strong evidence (P < 0.01) that the population means 5 gFi,%l’%zg ggz, AA:III’ %33 g Fy, My, Ms)
differ. s VL1, M9 3, My, M; F3,M2,M3)
35. a. t = —4.0 (df = 8) and two-sided P-value = 0.004. There is very strong 3 (My, M5, M3)
evidence that the mean drop was higher for course B. A 95°/(o %ogﬁdcin;;e
interval for the difference in meansis (2.0 — 6.0) £ 2.306(1), or (—6.3, —1.7). b. Each of the ) .
c. 4.0/1.58 = 2.5. The difference bet(ween the sample means is 2.5 standard chosen have 7, 2(_)_ Sj;glliei/l; eqcuéllgll)_'_ hlkt;ly._"l’he 10 samples with 2 or 3 males
deviations, which is quite large. 59. a.False b. False 61 Truc (;3 z; C; /20 = 0.05.

d. There are 5 X 5 = 25 pairs of observations. B is higher on 23 pairs and gets
1/2 credit for the two pairs with yg = 3 and y4 = 3, so the estimated probability
is 24/25 = 0.96. This is a very strong effect.

37. a.m; = (108 + 157)/294 = 265/294 = 0.90 for environment, 7 = 113/294 =

65. a. The .sample proportion correct has a
tion with mean 0.5 and standard erro
z = (0.7 - 0.5)/0.05 = 4.0, The pr

pproximately a normal sampling distribu-
1,/0.5(0.5)/100 = 0.05. A score of 70 has

——

1 0.00003. obability of a score of at least 70 is about
0.38 for cities. o b. The sampling distributi )
b. McNemar statisticz = (n12 — na1)/ vz + ng1 = (5 —157)/v/5 + 157 = ‘ ions is apero g lil ution of the difference between Jane’s and Joe’s propor-
—152/12.7 = —11.9. The P-value is essentially 0. There is extremely strong 58704 PP o)s(zglsate y normal with mean 0.6 — 0.5 = 01 and standard elr) ror
evidence that the proportion supporting increased spending is higher for the \/ —(—léoo + -TO-) = 0.07. The probability the difference i negative i 1
environment. probability that a z-score i e
c. (0.90 — 038) % 1.96(0.031) = 0.52, or (0.46, 0.58). We conclude that the c. The standard ooy Beeéiézzit::i’hgong 21)/0.07 = ~1.43, which is 0.08.
population proportion of approval is between 0.46 and 0.58 higher for spending probabilities decrease. mber of questions increases, and the
on the environment.

39. a. The groups have small samples, with only 2 and 0 observations in the B/'L/G Chapter 8

category. b. P-value = 0.30, so not much evidence that the probabilities differ 1. a. (40%, 60%) in each row b, Yes
REEIE B 3. a. Dependent, b. (40%, 60%) in each row
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5. a. For those with breast cancer, the conditional proportion is 0.86 for a positive
test and 0.14 for a negative test. For those not having breast cancer, the
conditional proportion is 0.12 for a positive test and 0.88 for a negative test. Yes,
it seems to perform well as a diagnostic tool. b. Of those who test positive, the
conditional probability of actual breast cancer is 860/12,660 = 0.068. The 12%
of false diagnoses for those who do not have breast cancer are much larger in
number than the 86% of correct diagnoses for those who have it, because the
number having it is relatively very small.

7. 384(df =1), b.949(df =4) ¢. 949 d.26.30 e.2630

9. a. Hy: GRNSOL is independent of sex, H;: GRNSOL and sex are statistically
dependent. b.df = 4for2 X 5table ec. (i) Cannot reject Ho, (ii) Reject Hp

13. a. Extremely strong evidence of association between income and happiness.
b. The count in the first cell was 5.34 standard errors larger than we’d expect if
the variables were independent. More people were (below average in income,
not happy) and (above average in income, very happy) than we’d expect if
variables were independent. Fewer people were (below average in income, very
happy) and (above average in income, not happy) than we’d expect if variables
were independent.

15. More females are very religious and more males are not at all religious than we’d
expect if variables were independent. Fewer females are not at all religious and
fewer males are very religious than we’d expect if variables were independent.

17. Very strong, as difference between proportions approving was 0.73.

19. a.0.60 b.0.33 ¢ 17.7,n0

21. a.1.04,0.22 b.4.7

23. 1.37 for Democrat and Independent, 1.40 for Democrat and Republican, 1.03
for Independent and Republican

23. a. (i) 15, (i) 27 b. —0.29 c. 15/42 — 27/42

25. a.Sample gamma = 0.163, a weak positive association. There is a slight tendency
for students with higher family incomes to have higher aspirations.

b. Test statistic x> = 8.87,df = 6. The P-value of P = 0.18 does not provide
much evidence against the null hypothesis of independence of aspirations and
family income.

¢. A 90% confidence interval for the population value of gamma is 0.163 £
1.96(.080) = 0.163 % 0.157, or (0.006, 0.320). It seems that the population value
of gamma is positive, although the association may be very weak since the
interval contains values very close to 0.

d. Test based on gamma has test statistic z = 0.163/0.080 = 2.04, and two-sided
P-value 2(0.0207) = 0.04. There is evidence of a positive association. The chi-
squared test ignores the ordinal nature of the variables and does not detect this
evidence.

37. a. Size of x? is directly proportional to n, for a particular set of cell proportions;
small P can occur for large n even when association is weak in practical terms.
b. The standard error for y or # or a comparison of two values gets smaller as
the sample size increases. So, for a given size of effect, the test statistic tends to

be larger as the sample size is.

39, a,b,c,d

41. a. Each expected frequency equals n/4. Substituting into x* formula gives the
result. b. Since X2 cannot exceed n, <?>2 cannot exceed 1. Similarly, since x

cannot be negative, neither can ¢2.

43,

45. CI for log odds ratio of 4.37

(673, 93.2), +1.96(0.0833) exponentiates to CT for odds ratio of

Chapter 9

1. y = college GPA in (a), num
assessed value of home in (d)
3. a y-intercept = 61.4 .
: : 4, slope = 2.4 i
cn'l Increase in femur length. b, 1élp.fle(‘:jlif i
5. y-uTtercept about 18, slope about 0.5
7. a. (i) 1.5, (ii) 13.1 b. y = 13.1, residual
h}gh_er than predicted for level of GDP
dioxide emissions much Jo |
9. a. 209.9 =

25.5 = increase in i i
predicted viol i
Eelf’w the poverty level olent crime
-y = 4828, 805 — 4828 = 32 ;
. » O 6 = 3222, so viol i :
predicted for this level of ’ ent crime rate much hj her th
e 10 (25.5) _ s poverty. g an

d. Positive, since it has same sign as the slope

11. a. (i) x = = ii
(i) x = 20, y =287, (i)x = 36,y = 41 . y =897 residual = —44.6

much lower use of ce]]
phones that predicted
cell-phone use tends to increase as IéDP increfg;atsh - b Fosiive,so

3. r = b(sx/sy), so b
’ = r(sy/sx) = 0.60 = 0.90: -
500 — 0.9(480) = 68. Thus, y = 4 + py =(16280/fo()) . 090;a = 5 — pz =

15. a.y = 5.0 — 0.4y i
. v.4x; predicted daily numbe i isi
by 0.4 for an increase of 1 in number of brocz)fl?sorlcler:dwatcmng releviion decreases

b. r = —1, since the |j i
ki) ¢ line has a negative slope and passes through all the data

ber of children in (b), annual income in (c), and

eight increases 2.4 cm for each 1

= 6.A6, carbon dioxide emissions much

€.y = 11.0, residual = —
wer than predicted for leve] of Gﬁ; 5.3, carbon

watching. b, — /237 = —0.49 ¢. Weaker

19. a. 4000(2 = y
(2/16, 000) = 0.50 b. Yy =-16,000 + 3200x, with correlation 0.50

21. Strongest associatio
: n between PAEDUC
tendency to increase as another variable inczrlge?sel\s/I UG oach Rt

23. a. No, fertilit i
, y and GDP h i i
et et 04 G ave different units. b, Units are same for cell-phone
25. a.Positive b,y =
»Y = -5.18 + 1.13x,D.C. has ) =
1 Yef. Now, slope = 0.49, less than half as large.
- b.y=4845 _ 0039 ¢ ,= -0.57,r2 =032

15.7 and residual 28.3. ¢ 0.585
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29. a.t = 19.7, P-value = 0 to many decimal places, extremely strong evidence of a
positive association b. (0.265, 0.323) c¢. When mother’s education is a certain
number of standard deviations from the mean, the predicted education is 37%
of that many standard deviations from its mean.
31. a. Hy: B =0, H,: B # 0, ¢t = 0.00739/0.1706 = 0.43, P-value = 0.66, plausible
that variables are independent, as shown also by 95% CI for B of (—0.03,0.04)
b. the correlation = 0.0155
33. b. Stronger, because the correlation tends to be larger when the range of x values
observed is larger.
43. a.y = salary, x = height, slope = $789 b. 7($789)
47. a.New slope = old slope divided by 2.0. b. Correlation does not change.
49. a. Over time, y would fluctuate rather than follow linear trend.
b. Much more variability in y at high levels of x. c¢. Relationship may be
U-shaped rather than linear.
d. As x increases, y tends to increase but eventually levels off.

51. Regression toward the mean

5§3. Bridgeport, because of more variability in x = high school GPA values

55. a. Sample standard deviation of y scores b. Sample standard deviation of x
scores ¢. Estimated standard deviation of conditional distribution of y at each
fixed value of x d. Estimated standard error of sample slope b

59. a.b 6l.c,f,g

63. r = b(sy/sy) = b(1/1) = b, so slope = correlation. Formula for y-intercept is
a=y — bx =0 — b(0) = 0, so prediction equationisy = 0 + rx = rx.

67. a.Interchange x and y in the formula and you get the same value.

b. If the units of measurement change, the z-score does not. For instance, if the
values are doubled, then the deviation of an observation from the mean doubles,
but so does the standard deviation, and the ratio of the deviation to the standard
deviation does not change.

69. c. As the sample size increases, the width of the confidence interval for the
mean goes to 0, and we can estimate the mean nearly perfectly. However large
the sample size, even if we know the true mean, we cannot predict individual
observations. They fluctuate around the mean with a certain variability that
does not depend on the sample size.

d. (i) For instance, the width of the prediction interval is the same at an x-value
that is ¢ units above X as it is at an x value that is ¢ units below X. But if the
variability increases, the interval should be wider above the mean than below

the mean.

Chapter 10

3. a.No, perhaps more firefighters are called to fires that are more severe, involving
larger buildings. b. Z = size of structure that burned

5. b. A third variable dealing with a factor such as the subject’s natural curiosity or
inquisitiveness could be positively associated with both variables. Subjects who
tend to be higher in this characteristic might tend to have higher GPAs and to
be more likely to experiment with marijuana.

7. a.Positive correlation between shoe size and number of books read is explained
by age, which is strongly positively correlated with each of these.

9. b. Common cause

i
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11. The difference would need to dis . .
income is controlled. appear (except for sampling error) after family

13. a.

White C. Blue C.

Democrat 265 735
Republican 735 265

Yes, the percentage of white ¢ i i

, ollar occupation 9

73.5% for Romub o P § 18 26.5% for Democrats and
b. No, cpndltl_onal distribution_s are identical in each partial table; differences of
proportions = 0 and odds ratio = 1 in each table. Controlling for income, th
variables are independent. e
¢. Income tends to be higher for Re i

. . publicans than Democrats, and i
be higher fgr white-collar than blue-collar occupations. , 1 tends to
d. Occupagqn affects income, which affects party choice
:&)1:((:)(}))122 tj;)n;‘tly af.ftef:ts occupation and party choice. Chain relationship is more
, since it is m i i i

appropt ore plausible that occupation affects income than the

15. ll));ltSlZ]e of homfa and number of bedrooms are both associated with selling price

.tha so associated with each other. Because size of home is associated both

wi ?ymber' of bedrooms and selling price, the effect of number of bedrooms
on selling price depends on whether we control for size of home.

19. Ignoring the subject of the i iati
ing exam, there is no association i i
association in each partial table. putthere s asubstantial

21. a, $10,689, b. $5150, so the effect of gender is greater for whites than for blacks.

23. a. Response = wh
controlp= noc whether have cancer, explanatory = whether a smoker,
b. Yes, the association is stron ; .
’ ger for older subjects. Smoking see
a stronger effect f ; g seems to have
longer geriod. or older subjects, who have presumably been smoking for a
29. a. Mean numb. i i ili ; PRI
langaage. er of children higher for families for which English is the primary
b. For each province, the mean number of chj is hi
whl:/cl:h French is the primary language. chfldren is higher for families for
¢. Most French-speaking families are in Quebec, wh
) he means are |
regardless of 1 : vhere the ower
pr(g)vinces. anguage, and most English-speaking families are in other
31. a. Plausibly prayer has an effect only if done by a relative of the patient.

b. Other variables could be associated wi
with wheth i
whether the patient had complications. el praved and with

33. Socioeconomic status may b
€ a common i .
bottled water. 4 cause of birth defects and of buying

35. Yes, because the U.S. may have relatively more people who are old.
37. a. For females, mean GPA is higher for those with an employed mother. For

males, mean GPA is about the same for those with an employed mother as for

those with an nonemplo i i
with yed mother. Since the results i
there is evidence of interaction. differ according to gender,
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is higher
b. The two means are about equal for males, yet for females the mean is hig

; ther.
r those with an employed mo . . both these
39 i(r)lcome is associated with whether one l|s3 ai Comp;cl)m:lfeb;f?:; g?gvhether one
. . : 3 d alance. ) . .
i e associated with credit car nCome s
.vanigﬁ;s{sive buyer on the credit card balance depends on whether
is a

controlled.
41. False 43.b 45.a

Chapter 11 '
1. a. (i) E(y) = 0.2 + 0.5(4.0) +2(Q5.(())(());(80;))2 =+36035x(111) 2.0
' =02 + 0.5x + 0.00 =12 + 0.
Eg((;j)) stanee, conider 0.00§(f6 OO)hzicll{ii(;)O.—s 36117 + 0.002x3; by contrast,
i i = 3forw =17+0.
d.hFor mStagC}eE: (i:(;ns—ldfgx-ll- 002x,, having a different y-intercept but the same
when x; = 2, = 1. . )
e Sl d i is 10.536 thousand dollars, and a 1-unit
feet b. The y-intercept is 10. . .
> ailiﬁ.gesiﬁuxirf)r iz has only 1/1000 of the impact in thouAsands of 6cl(;)llla_*r_s L
i y g— 3.601 + 1.280x; + 0.102x, b.143% ec. y = -3. : temet.use is’
> 57 —6 6—1 .+ 1.280x;, so at a fixed value of cell-&)hl?ne. use;,asg o o
) cedict inc | 9 h thousand-dollar incr
i e by 1.28% for eac .
%rgi;ﬂzd ’tl‘%::ngir‘ffeist of ))Icl is the same (slope 1.28) at each fixed value of x;
e POSitiv161 5h -II-\I 6;ggytcll‘fei)redicted crime rate increases by 2.6 (per 1000 residents)
ot et d-do i se in median income.
(fiorAevefl)(l) t3hous?)n8dl';jf ll_ilr(l)ng;;; predicted crime rate dfecrleaseis l;i ?bi If?zra ?iii?
- ousand-dollar i in median i e, controlling for level o y
-dollar increase in median incom ) ' :
t(lllc?;ssl;(ej:d ?0 (c), effect is weaker and hals (;llgfebrg?ht ‘c?l;irtcle]cit;(():g.m -
ization is highly positively correlate j . :
o tg rl?[‘a;ll;;zx;?(l::;solsgraﬁ rl)aivariate association between income and crime rate
rate. \ ASS(
it1 the partial association. e o
mO_reApgSI;lgg tllalz) 81exr1) (ii)) y = 40.3 — 0.81x1; + 0.65(50) : 731 Of(;S txhle
E-"(;)Ay _ 105 0 élxl :l“he slope stays constant, but at a fixed leve 1%
i) y = - 0. - Th }
. higher at higher levels of x;. T . : 2
9 Cnmg I;tis ilr:':mgi in predicted birth rate for unit increase in women’s economt
. a.—0.13 =

ivi lling for GNP. e
f)Ctga:;Zilz(ln;it;Zs 11;% effect of x; the same at each level of x,, but at

variation in y. Controlling for x,, the effect of x; weakens.
R + 32.6x; + 9.1x; L - — 7255 =
L B ons < s it s
9}; o observed violent crime rate somewhat higher than n o ol
s = —498.7 + 32.6x;, (i) y = -43.1 + 32'6)61"(lll)yses or as percent in
a (Vl) ylent crime rate tends to increase as poverty rgte.lncrljatween boverty rate
- trlgpolitan areas increases; weak negative association be
me - 1
and percent in metropolitan areas. redicty NI J057 =
R? = 0.57 = PRE in using x; and x, together to p 3 ’
8.76 = cofrelation between observed and predicted y-values.

————lﬂ
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13. a.y = ~11975 + 183x) + 7.7x, + 89.4x3
b. x; and x; are highly positively correlated, and explain some of the same
variability in y; controlling for x3, the effect of X1 weakens,

15. a.y = 1353 — 14.07x; — 2.95x,
b.y = 1353 — 14.07(7) — 2.95(9) = 10.3, residual = 10 - 103 = —03
¢ R? = 0.799; 80% reduction in error by predicting y using x; and x; instead of
y.
d.r = -14.07/3.16 = —4.45,df =10 - 3 = 7, P < 0.01 for two-sided test.
Better to show actual P-value, since (for instance) 0.049 is not practically
different from 0.051.
e. Using R2 F = [0.799/2)/[(1 - 0.799)/(10 - 3)] = 13.9,df, = 2,df, =
7,P < 0.01; strong evidence that at least one predictor has an effect on y.

17. a. df values are 5, 60, 65, regression sum of squares = 813.3, regression
Mmean square = 813.3/5 = 162.7, residual mean Square = 2940.0/60 = 49,
F = 162.7/49 = 33 with dfi = 5,dfy = 60, the P-value (Prob > F) is 0.01,
R? = 0.217, Root MSE = 7.0, ¢ values are 2.22, -2.00,0.50, —0.80,2.40, with
P-values (Sig) 0.03, 0.05, 0.62, 0.43, 0.02.
b. No, could probably drop x3 or xy4, or both, since the P-values are large for
their partial tests.
¢. The test of Hy BL=p6 = ... = fBs=0.

There is very strong evidence that at Jeast one predictor has an effect on y.

d. Test of Hj : BL=0;P = 0.03, so there is considerable evidence that x; has
an effect on y, controlling for the other xs,

A

21. a. Increases b.y = 1589 — 14.7x1,y = 94.4 + 233x1,y =299 + 61.3x;.

The effect of x; moves toward the positive direction and becomes greater as X7
increases.

25. a. (i) —0.612, (if) —0.819, (iii) 0.757, (iv) 2411.4, (v) 585.4, (vi) 29.27, (vii) 5.41,
(viii) 10.47, (ix) 0.064, (x) ~2.676, (xi) 0.0145, (xii) 0.007, (xiii) 31.19, (xiv) 0.0001
b.y =617 — 0.17x; — 0.40x,; 61.7 = predicted birth rate at ECON = 0 and
LITER =0 (may not be useful), —0.17 = change in predicted birth rate for 1
unit increase in ECON, controlling for LITER, -0.40 = change in predicted

€. —0.612; there is a moderate negative association between birth rate and
ECON; -0.819; there is a strong negative association between birth rate and
TER.

d. R’ = (2411.4 - 585.4)/2411.4 = 0.76; there is a 76% reduction in error in
using these two variables (instead of ¥) to predict birth rate,

e R = 4076 =087 = correlation between observed y-values and the pre-
dicted values §.

f.F=312df, =2, dfy = 20,P = 0.0001; at least one of ECON and LITER
has a significant effect.
8-t =-0.171/0.064 = —2.68,df =20,P = 0.014; there is strong evidence of a
relationship between birth rate and ECON, controlling for LITER.

27. Urbanization is highly positively correlated with both variables. Even though
there is a weak association between crime rate and high school graduation rate at
a fixed level of urbanization (since partial correlation = —0.15), as urbanization
increases, so do both of these variables tend to increase, thus producing an
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i ion = ime rate
overall moderate positive association (correlation = 0.47) between cr

and high school graduation rate.
29. a.z, = —0.075zy, — 0.125z;, — (').3Ozx3 + 0.20zy, .
. b. x}; has the greatest partial eff)ect 118 ;tgFfl;rilzgg (1)1(111_ 81') 07,50 the city s
zy = —0.075(1) — 0.125(1) — 0. . . sl
;rgéicted to be(O.; standard deviations below the mean dlnl n;t:rc(jjer ;:Eje regative
iti mployment, divorce rate, and latitude ;
B P'C)llltl(f:?écgeegolrgz, l;n%.Sg Z Estimated standardized regression goefﬁc;gnit;
ﬁ?rli?stefor life e.xpectancy and GDP. A one standard dexflatlont lggsaother
tliise predictors (controlling for the others')t ha;d leliagsrezfé ;mé):lcl:ar v
i easured in per capita dollars, : :
pr?;j;;:glr;.sm:l.l GEPNICI: merely that whatever effect education has disappears
ex . e No, : :
after controlling for the other predlct(?rs u; the modcrelll.e . Controlling the other
i dictors have different units o measurement. o
= pDrlgji::‘:g;spr: sltandard deviation increase in educaftlon corresponds to a 0.2
leviation i i icted value of y.
d deviation increase in the predicte . _
47 f)ta’;s: ;artial change is 0.34, not 0.45, which is the overall change ignoring rather
" th i iables.
than controlling the other variab .  of measurement.
11, since variables have different units . i
g (1:32111520'[551?ce Sthis cannot exceed 0.38, the R? value for the model with x3 an
o:ther variables in the model.
. b Sl.c ' . . -
:g Correlation measures linear association between two varlacll)lis, n;:gilgl:dc‘?;lrse
. lation measures correlation between a response varlgble and the p edicted vels
iven by a set of explanatory variables from the estlmatgd regrelsls.l I?trolling’
f)lr:lvriial Zorrelation measures association between two variables while co
for one or more other variables. ' 5
55. For a sample of children of various ages, y = score on vocabulary achievem
test, x; = height, x, = age.
59. r%,.r,» and hence its square root, equal 0.
RS TR
. a.0.150, 0.303, 0.325, 0.338 _ . 4
s, o 0Let b denote the minimum of the two staqdardlzed e.stlmates,l al;)% le:md
il the maximum. Then the squared partial correl.f:ltlon equals 4 ’ .
g%niteBB = B2 and bB = bb = b%. Thus, since the partial correlation has
samgsign as the standardized coefficient, it falls betweef b ?jnleénd s s
b. Because the partial correlation must fall between —1 an ,
must fall between 0 and 1.

67. a. For new homes, y = —146186.4++6g66.0x1
Ider homes, y = —16. 6.6x1
Egi gev: homes, the effect of size is greater than for older homes.

y = —=7.6 + 71.6x; ' i
12. I:(())rl;:rmggln;: S;y= —16.6 + 66.6x1, now only a slightly smaller effect of size
o , .

than for new homes.

Chapter 12 | . .
1. y = number of reported firefights, explanatory variable is g;o'ttlll;; t(sggj&fation
. }A;xf hanistan, soldiers in Iraq, Marines in Iraq). Null hypothesis is p
megan numbér of firefights is the same for the three groups.

T
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JoaHyu =p = M3 = g = us, H,: At least two population means unequal,
b. No, when Hy is true one expects F values around 1.

¢ If Hy were true, the probability of getting a F test statistic of 0.80 or larger is
0.53, so there is not evidence against Hy.

S.a (i) Hy: py = py = 13, Hy: At least two population means unequal, (ii)
F = 3.03, (i) P-value = 0.049. At the @ = 0.05 level, there is barely enough
evidence to reject Hy and conclude that at least two population means differ.

b. For each group, the standard deviation is larger than the mean, suggesting

the population distributions may have considerable skew to the right. ANOVA
assumes normal population distributions

9. EachClisan ordinary 98% CI, and has plus and minus part 4.541\/ 4.0[ % + %J =
9.1; only A and B are not significantly different.

blacks than for whites,

13. For 10 groups, there are 10(9)/2 = 45 comparisons. Using the Bonferroni
method with error probability 0.20/45 = 0.0044 for each guarantees at least
80% confidence for the entire set. Since df is very large (990), the r-score is
very close to the z-score with single-tail probability 0.0022, which is 2.84. For 5
groups, there are 10 comparisons. The Bonferroni method with error probability
0.02 for each uses the t-score with single-tail probability 0.01, which is 2.33. The

I-score increases, and the confidence intervals tend to be wider, as the number
of groups increases.

15. a. E(y) = a + Biz1 + Bz, where z; = 1 group 1 and 0 otherwise and 22=1
for group 1 and 0 otherwise, Ho:py = py = K3 equivalent to Hy : By = B2=0
b. 18 is mean for group 3, —6 is difference between mean for group 1 and group
3, and -3 is difference between mean for group 2 and group 3.

17. Large differences between sample means for whites and blacks of a given sex

but small differences for females and males of a given race correspond to small
P-value for race but not for sex.

19. Females (s = 1):3.79, 3.96, 4.50, Males (s = 0): 3.87, 4.04, 4.58. The difference
between the estimated means for males and females is 0.08 for each party ID.

21. a. The estimated difference in mean TV watching between the Protestant and
none or other categories of religion, controlling for sex.
b-E(y) =a + Bis + Bory + Byry + Bars,need B = B3 = B, = (

23. a. Response variable = income, factors = sex and race.
b. (i) $10,689 (ii) $5150. The difference is much greater for whites than blacks,
suggesting interaction between sex and race in their effects on income.
¢. $30,000 for white females, $25,000 for black females, $40,000 for white males,
$35,000 for black males

25. n = 206, SSE = 3600, df values are 1,2, 2, 200, Mean Square values are 100,
100, 50, 18, F-values are 5.6,5.6,2.8, P-values are P < 0.05,P < 0.01,P > 0.05

27. Predicted means 16 for black women, 19 for white women, 18 for black men, 29
for white men. If the predicted value for men changes t029 — § = 21, there is
no interaction.

29. a. Treats the distance between very negative and negative, and between positive

and very positive, as double the distance between negative and neutral and the
distance between neutral and positive,

‘:_'\l
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31. Between-subjects: gender; within-subjects: issue. For test 3f ?ter?szizné flf:e cT
. 1.23, P = 0.32. For sex main effect, F = 0.26,.P = 0.62. or > ot fo;
F. =,9 48, P = 0.002. The margin of error for each interval comparing m

i 1 L _ le means for the issues are
the issues is 2.12(0.719) T 0.7. Th.e samp. e
2.5, 3.8, and 2.7, so the mean for safety of neighborhoods is signi y

than the other two means. _
39. a. Each of the four sample means equal 60, so the between-groups SS = 0 and

5 \=Vlczh1n each group, all five observations are identical. Then the within-groups

SS = 0, so the mean square error = 0 and the F statistic is infinite.
45.

10 10
. 10 10 b. 10 20 e 10 20 d.
) %0 20 30 40 30 60 10 10

47. No, not unless at each level of B, the sample sizes are equal for each level of A.

51. a,b,c,d 53.c,e, f o -
55. You have enough information. The sample standarcll1 del;'utatlons carlz) Ef, Scc()arslg)rillig
. i ithin- timate. The between-g :

btain the pooled (within-groups) es . e
::(:mobe calculatrc)ed from the separate sample means, since the overall mean is

weighted average of their values.

Chapter 13 6
i = - 12.0, 12.
1. a.13,11, difference =2 ¢ —.6 d. ,
3 : The predicted proportion of pro-choice votes was 0.167 lower for Democrats,

ling for the other predictors. ' . .
;o?zlreoéli)ggy seems to be, by far, the most important p:lredllctor of P:::;)P:)(;rctilso?ooaf
: i : iation i se in ideology corr
-choice votes. A standard deviation increa !
I(;rSOZ*} Cstandard deviation predicted increase in the response, controlling for the

other variables in the model.

5.a2.y=83+ 98f — 535 + 7.0m; + 20my + 1.2m3 + 0.501x

b.y =83 + 9.8(1) + 7.0(1) + .501(10) = 30.1 .
7. a. y = —40,230.9 + 116.1x + 57,736.3z, where z = 1 for new 1 0y
. n.oty new Fo’r new homes, y = 17,505.4 + 116.1x and for not new ;

= 1x.
y = —40,230.9 + 116. . ¢ new homes
b. $365,901 for new homes, $308,165 for no .
11. a inglos —4.09 + 0.74(60.4) = 40.6. From ANOV A model, unadjusted mean
. for Anglos equals 26.6 + 25.7 = 52.3.
= = =0.24
13. a. F=1.43,df} = 3,df, = 82,P
b. F = 2.06,df; = 3,df2df= 858,5PP= 0.(%10001
tatistic ¢t = 7.9,df = 85,P = 0. o
(cl. Fl:l?lféss?a;fdard error of this estimate equals 2.20, and the ¢ score for 94

i i is 1 i dinary ¢ score (when df =
confidence intervals is identical Fo the or i
]8350)n§§?:1m9l9% interval, which is 2.63. The interval is —5.36 + 2.63(2.20),
—-11.1,0.4). . |
25 ;3( ) = a )+ Bix + B2z + B3(xz), where x = frquency of going to bars
. b4 =y 1 for married subjects and z = 0 for unmarried subjects.

27. See Figure 13.3b. 29.a,d

|
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Chapter 14

1. a. No interaction model with LIFE and SES predictors b. No interaction model
with LIFE and SES predictors

3. a. BEDS, because it is least significant in the model with all the predictors.
b. SIZE, because it is most highly correlated with selling price and would have
the smallest P-value.
¢. BEDS can be predicted well knowing SIZE, BATHS, and NEW, so it does
not uniquely explain much variability in selling price.

7. a.Observation 25 b. Most noticeably, observations 38 and 39 ¢ No observations

have both large studentized residuals and large leverage. d. Observation 39
e. Observation 39

11. Partial correlations, like partial regression coefficients, have large standard
errors when there is multicollinearity.

a. The variability increases as ¥ increases, which the gamma distribution allows

but the ordinary normal mode] (i.e., normal distribution with constant standard

deviation) does not.

b. For the gamma model, the estimated education effect is a bit weaker and

there is stronger evidence of a difference between Hispanics and whites.

¢ (i) 204/0.117 = 6.8 thousand dollars, (ii) 17.1 thousand dollars

17. a. Continually increasing and “bowl shaped.” b. (i) $84,764, (ii) $192,220, (iii)
$327,877, because with the increasing bowl shape the curve keeps climbing

more quickly as s increases,

21. a.100,000 = predicted number of articles J anuary 1,2003, and predicted number
is multiplied by 2.1 for each successive year.
b. (i) 4,084,101 (ii) 166,798,810

23. a. Predicted world population size (in billions) x years from now if thereis a 5%
decrease in population size each year.
¢.B > 1ever increasing, 8 < 1 ever decreasing.

25. a. Death rate changes more quickly at higher ages, and there appears to be a

linear relation between age and log of death rate, which suggest exponential
model.

c.log(i) = —1.146 + 0.0747x
dy= 0.318(1.0776)*. The death rate increases by 7.8% for each additional
year of age.

33. y = height, x; = length of left leg, x, = length of right leg.

35. In the U.S., for each of the past 60 years, y = the cumulative federal deficit,
X = year. This might be well modeled by an exponential regression model.

37. Precision improves (ie., the standard error of bj decreases) when (a) multi-
collinearity, as described by Rj?, decreases, (b) conditional variability of the
response variable decreases, (c) the variability of Xj increases, (d) the sample
size increases.

39. A1.27% growth rate Peryear corresponds to a multiplicative effect after 10 years
of (1.0127)10 = 11345, or 13.459, Or, to find the yearly multiplicative factor
corresponding to a 10-year multiplicative effect of 1.1345, set 1.1345 = B,
and solve for B; then log(1.1345) = 10log(B), so log(B) = log(1.1345)/10 =
0.01262, and B = 01262 = 1 9127

b. If the growth rate is 1.27% per year, then after x years, the multiplicative
effect is (1.0127)*.

13.

™
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41. b,c,d 43.b 45a.True b.True c.False d. Fzzalse
47. E(y) =a + Bix1 + Baxz + Bsxixa + Pax1x;

Chapter 15

ili i ican i i e increases.
. a. Estimated probability of voting Republican increases as incom
1 :: (I; ;T1.0+0.82(10)/[1 + e—1.0+0.02(10)] = 0.31, (i) 0.73
c. (1) 1.00/0.02 = 50 thousand, (ii) above 50 thousand
Bm(1 — =) = 0.02(0.5)(0.5) = 0.005 . . .
g. %z(dls muﬁi)ply by 6(0'02 )i 1.02 for each thousand dollar increase in family
income.
. a.2.043/0.282 = 7.2
3 : ﬁ(y i 1) = ¢2043-0282(20) /[1 + ¢2043-0282(20)] = 0,027
c.13(y =1) = 0.847 — 0.051(20) = —0.17; no, probability cannot be negative.
d.. z = —0.282/0.101 = —2.80, Wald = (-2.80)? = 78,P = 0.005, strong
evidence of a negative association between WAIS and senility.
5 13( y = 1) = 0.60 when wife’s earnings = $20,000 and increases to 0.95 when
wife’s earnings = $100,000. . - ,
7. a. The probability the child obtains a high school de%roeée increases with mother'i
education. Estimated odds of degree multiplied by e™ = 1.09 for each one-uni
increase in mother’s education, controlling for qther variables. 4 odds of
b. Probability of degree is lower when mother is emplqyed. Estimated o sh o
degree when mother is employed equal e~%%2 = 0.40 times odds when mother
is not employed. . .
1c. 021 =pl.23, which corresponds to a 23% increase in the odds. ~
9. a.Letr = 1 for black, 0 for white,leta = 1for AZT = yesand 0 fc(J)g ;\SZT = no.
ion is logit[P(y = 1)] = — — 0.7195a + .0555r.
tion equation is logit[P(y = 1)] 1.074 — 0.7195 .
}I:r%jslfirfe?teg probability of AIDS symptoms decreases with AZT use (given
race) and is slightly higher for blacks, given AZT use.
D — ,—1 -10741 = .25
LP(y =1) = e 1074/[1 + 1074 . .
fl e(‘)()"720 i 0.49, so estimated odds of AIDS symptoms for those using AZT
a;e 0.49 times estimated odds for those not using AZT,1 ccz;trolln(l)g1 )for cr)ac;;ong
' istic is (— 2 = 6.65,df = = .01), s
. Wald statistic is 0.720/0.279) 6.65, i )
zvide?lce :hat AIDS s(ymptoms are less likely for those using AZT, controlling
for race. ' M
i i lative probabilities in
. a. There are 3 categories of happiness and 2 cumu _ .
" ?he mzrdel. The logit for each cumulative probability has its own intercept
term. .
3 i i h income.
b. B = 0.418, so happiness tends to increase wit ~ .
c. €Vald statistic = (0.418/0.223)2 = 3.53, with df = 1, P-value = 0.06 for Hy:
03forH,: B > 0 ‘ .
g #:20 inc’ai’%ofif OL 4‘: Ie-value = 0.43. The cumulative logit model treats the
rt;s/;onse a.s ,ordinal and predictor as quantitative and results in much stiionger
evidence of an effect than the ordinary Pearson chi-squared test of independence,
which treats both variables as nominal. .
15. a [% = —0.54 for gender, 0.77 for location, —0.82 for_ sgat bfalt. Controlling lfosr
. tl.le other predictors, the chance of a more serious injury is lower for males,
higher in the rural location, and lower for those wearing seat belts.
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b. e=%824 = 0 44; for those wearing seat belts, the estimated odds of injury more

serious than any fixed category are 0.44 times the estimated odds for those not
wearing seat belts.

¢. The interval ( —0.878, —0.770) for the B coefficient of seat-belt use has expo-
nentiated endpoints (0.42, 0.46), which form the interval for this odds ratio.
d. Wald statistic = 891.5, df = 1. Extremely strong evidence of effect.

17. a. %3 = 1.35, 50 estimated odds of voting Republican (given that one votes
either for Republican or independent) multiply by 1.35 for each $10,000 increase
in annyal income._

b. log[P(y = 2)/P(y = 1)] = (1.0 + 0.3x) — (33 - 0.2x) = —2.3 + 0.5x.
Given one votes for Republican or Democratic candidate, odds of voting

Republican increase with income, by multiplicative factor of ¢%5 = 1.65 for each
$10,000 increase in annual income,

23. a.(W,X,Y,2), b.(XY,W,2), c (WX, WY,WZ,XY,XZ,YZ)
25. a.logit[P(y = 1)] = a + Bja + B2c, where a and ¢ are dummy variables for

alcohol and cigarette use (1 for yes and 0 for no)
b. The model fits well.

29. The logistic model with additive factor effects for age and gender fits well
(Pearson x? = 0.1, df = 2). The estimated odds of females still being missing
are ¢ = 1.46 times those for males, given age. The estimated odds are con-
siderably higher for those aged at least 19 than for the other two age groups,
given gender.

31. 23 = 10.4, but this is a ratio of odds, not probabilities (which the “more likely”
interpretation suggests). The odds that a male is a hunter are estimated to be
10.4 times the odds that a female is a hunter, controlling for the other variables.

33. The effect of age is increasing and then decreasing. If age is in the model as a
quantitative variable (rather than with categories), this might be described by a
quadratic term for age.

35. At each level of victims’ race, black defendants were more likely to get the
death penalty. Adding together the two partial tables (and hence ignoring
rather than controlling victims’ race), white defendants were more likely to

get the death penalty. The association changes direction, so Simpson’s paradox
holds.

37. a. (XZ,YZ) b. (XZ, YZ), ¢ (XZ,YZ), d.(XY,XZ, YZ), e.(XYZ), there
is interaction, the effect of X on ¥ varying according to the level of Z.

39. log(fe) = log(r;) + log(¢j) — log(n), which has the formlog(f,) = a + B; + )

with main effects for the two classications.

Chapter 16

1. Can use various correlation structures for the repeated measures on a subject,
and do not need to delete subjects for which some observations are missing.

5. Estimated hazard rate for males is 0.94 times the rate for females. For test of
race effect, z = 0.353/0.0423 = 83, P < 0.0001; extremely strong evidence that
the rate is higher for blacks.

7. The estimated rate of termination for blacks was 2.13 times the estimated rate
for whites, controlling for the other predictors.

9. G, L, T, and C all have direct effects on B, and G also has indirect effects
through its effects on L, T, and C. One would need to fit the bivariate models for



