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g. ¥ = —25.37 4 3.42X, with r? = .68.

h. The difference is 9.7 — 1.2X; for X above about 8, this difference is negative, and the differ-
ence gets larger in absolute value as X increases.

i. R? = .510, compared to .484 for the simpler model. No, the model does not provide much
stronger predictive power.

jo F=143,df, =3,df, =82, P = .24

k. F =2.06,df, =3,df, =85, P = .11

L. Test statistic t = 7.9, df = 85, P = .0001

m. Overall X = 12.84, and adjusted mean = ¥ =—1443 + 2.31(12.84) = 15.2. Unadjusted
mean for blacks = 13.88.

n. This equals —5.36, the coefficient of the dummy variable for blacks in the covariance model
without interaction.

0. The standard error of this estimate equals 2.20, and the ¢ score for 94% Bonferroni confidence
intervals is identical to the ordinary ¢ score (when df = 85) for a 99% interval, which is 2.63.
The interval is —5.36 £ 2.63(2.20), or (—11.1, .4).

9a. Anglos: —4.09 + .74(60.4) = 40.6; Black: 39.1; Mex.—Amer: 41.9

b. From ANOVA model, unadjusted mean for Anglos equals 26.6 + 25.7 = 52.3. The unad-
justed means are very different between Anglos and the other two groups, whereas the adjusted
means are similar for all three groups.

d. This is the test of equal means for the ANOVA model (second printout), or

F =2809.6/80.8 = 34.8,df1 = 2,df, =37, P < .001.

€. Add three dummy variables representing a comparison of three of the four categories with
the last.

f. Add a term of form 8X,, where X, = percent who are homeowners.

11. 12.0 and 12.6, compared to 13 and 11. Unadjusted mean higher for whites, but adjusted
mean higher for nonwhites.

23. See Figure 13.3b.  25.a,d

27a. Describes linear effect of a quantitative predictor on Y.

b. Describes effect of qualitative predictor on Y, by analyzing differences among means of Y
for different categories of that predictor.

¢. Describes effect of two qualitative predictors on Y, by analyzing differences among means
of Y for different categories of each predictor, within fixed levels of the other predictor.

d. Describes effect of qualitative and quantitative predictors on Y.

Chapter 14

1a. Backward elimination selects percent metropolitan, poverty rate, and percent single-parent
mothers as predictors, and has R? = .722 compared to .728 with all five predictors.

b. Forward selection yields same three variables.

3a. Percent high school graduates, percent metropolitan, and percent below poverty level are
all removed.

b. As in (a), selects percent single parent, and percent white.

¢. Here both methods agree, but they select very different models than when we excluded the
D. C. observation. Selection processes may be highly influenced by outliers.

5b. Same final model; insubstantial evidence of interaction or quadratic terms.

¢. Successive C), values are 6.0 (p =6), 4.0 (p =5), 2.0 (p =4), 0.4 (p = 3). All these values
are good.
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7. Both methods select same variables as in Example 14.1.

9a. The studentized residual for the 5th observation is 5.58 reflecting the fact that (as seen in
other analyses, such as Exercise 13.6) that observation is an outlier.

b. Observations numbered 5, 89, 93 have hat values of .13, .15, .22.

¢. Observations numbered 5, 89, 93 have DFFITS values of 2.2, —.9, 1.1.

d. Observations numbered 5, 89, 93 have DFBETAS for size of 1.2, —.9, .8.

11. For full data set, ¥ = 61.71 — .17E — 40L.

Removing observation 6 (China), Y = 63.50 — .12E — .46L.

13a. D. C. has a studentized residual of 8.4.

b. No extreme values; Montana has .098.

¢. D. C. since its studentized residual is so large, and its hat value (.06) is above average.

d. D. C. has DFFITS = 2.2, much larger than others.

e. D. C. has DFBETAS = —1.4 for intercept and 1.82 for coefficient of percent metropolitan,
both much larger than for other variables.

f. Removing D. C,, line changes from Y =-1237+109X to ¥ =25.6 +8.1X.

15a. ¥ = —1368.2 + 6.8P + 166.4S.

¢. One observation (MS) has a large negative residual, and one observation (DC) has a very high
predicted value.

d. This again highlights the observation with a large negative residual, as well as one (DC) with
a very high value of percent single.

e. ¥ = —879.8 +7.6P + 120.65.

The residuals have a regular pattern, except for onc relatively large negative one (MS) and one
relatively large positive one (FL).

17a. Both equal [.65 — .65(.85)1/+/[1 — (.65)2][1 — (.85)2]

b. ryX, X, = [7 - 6(9)]/\/[1 - (6)2][1 - (9)2] C. (l) ryX, X, = 875, ryx, x, = 840

(ii) ryXx,-X, = .531, ryx, X, = 315

19a. X, and X, are highly correlated with X; X,, the cross-product term explaining much of
the same variationin Y.

b. With centered scores, ¥ = 27.36 + .107X; — .099X, — .00087X; X,.

21a. Convex (bowl-shaped), increasing

b. (i) 54.0, (ii) 123.6, (iii) 206.6; changes in S? increase as S increases

¢. —3.7; ¥ increases as S increases from —3.7, in particular over all positive S values

d. The linear association is strong and nonlinearity is minor.

23. log(R) = 3.276 + 407X, or ¥ = (26.47)1.503%. The predicted selling price increases by
50% for each extra bedroom. The predicted selling prices are (i) ¥ = (26.47)1.503% = 59.8,
(i) ¥ = (26.47)1.503% = 89.8, (iii) ¥ = (26.47)1.503* = 135.0.

25. log(/i) = 3.654 — .0112X, or ¥ = 38.65(.989)*. When X increases 10 units, ¥ multiplies
by .89; i.e., a 11% reduction in predicted birth rate.

27. log(it) = —.459 + .1564X, or ¥ = .63(1.169)%. A one-unit increase in percent below the
poverty level corresponds to a 17% increase in predicted murder rate.

29a. There is one extremely large residual (DC) at a high level of the predictor.

b. ML fit of gamma generalized linear model is ¥ = —56.8+9.9X, with standard error 1.46 for
effect of percent metropolitan. Least squares gives ¥ = —123.7 4 10.9X, with standard error
2.41 for effect of percent metropolitan.
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¢. The gamma fit is closer to what we get by deleting the outlier, in which case ¥ =25.6+8.1X,
with standard error 1.59.

31b. World pbgulation size X years from now if there is a 4% rate of growth every year

33a. No, death rate changes more quickly at higher ages.

b. An exponential model is reasonable, since there appears to be a linear relation between age
and log of death rate.

c. log(4) = —1.146 + .0747X

d. ¥ = .318(1.0776)*. The death rate increases by 7.8% for each additional year of age.

49a. (1.042)1°100,000 = 150,896
b. 50.9% growth over decade

51a. Y is an exponential function of X.
b. bowl-shaped (convex), decreasing as it crosses Y -axis.
¢. mound-shaped (concave), increasing as it crosses Y-axis.

53.b,c,d 55.a,d 57.c,e, gj,aikh
59. EY) =a+ i1 X1 + B2 X2 + B3 X1 Xo + Ba X1 X3

Chapter 15

1a. An(1 — 7) = .02(.5)(.5)=.005 b. (i) 1.00/.02 = 50 thousand, (ii) above 50 thousand

¢ @) e—l.O+.(TZ(lO)/[1 + e—1.0+.02(10)] =31, (i) 73

d. Odds multiply by e®2 = 1.02 for each thousand dollar increase in family income.

e. z =.02/.005 = 4.0, P < .0001

3a. logit() = 2.043—.282X, negative coefficient of X suggests that prob. of senility decreases
as WAIS increases.

b. 2.043/.282=17.2

C. 7t = 2043-28200) [] 4 Q2043-282020)] — (27 »

d. z = —.282/.101 = —2.80, Wald = (—2.80)?> = 7.8, P = .005, strong evidence of a negative
association between WAIS and senility. ,

e. # = .847 — .051(20) = —.17; no, probability cannot be negative.

Sa. logit(#) = 1.404 — 435X. At X =1,# =.725;at X =5, % = .316

b. Wald statistic = 52.6, likelihood-ratio statistic = 56.8, each based on df = 1, and have P =
.0001.

¢. (i) ef = =435 = 65; for a slightly liberal petson, the estimated odds of being Democrat equal
.65 times the estimated odds of a very liberal person; (ii) same as (i). ‘

d. Pearson statistic = 5.4, G? = 5.5, df =3, for which P > .10; the fit is adequate.

€. 95% confidence intervals are (.66, .78) at very liberal level, (.26, .38) at very conservative
level.

7a. Let R =1 for white, O for black, let A = 1 for AZT-yes and O for AZT-no. Prediction equation
is logit(#) = —1.074 — .720A + .055R; probability of AIDS symptoms decreases with AZT
use (given race) and is slightly higher for whites, given AZT use.

b. # = e—l.074/[1 + e-—l.074] =.25

¢. e~720 = 49; estimated odds of AIDS symptoms for those using AZT are .49 times estimated
odds for those not using AZT.

d. Wald statistic is (—.720/.279)? = 6.6, df = 1; likelihood-ratio statistic is 6.9 with df = 1;
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strong evidence that AIDS symptoms are less likely for those using AZT, controlling for race
(P =.01).

e. Pearson statistic = 1.4, df = 1, so model fits decently (P > .2)

9a. The probability the child obtains a high school degree increases with mother’s education.
Estimated odds of degree multiplied by e*®® = 1.09 for each unit increase in mother’s education,
controlling for other variables.

b. Probability of degree is lower when mother is employed; estimated odds of degree when
mother is employed equal e~ = .40 times odds when mother is not employed.

¢. e?! = 1.23 (we obtain 1.24 if we exponentiate the estimate reported to three decimal places);
1.23 corresponds to a 23% increase in the odds.

11a. logit(7) = —5.31 + 2.99A + 2.85C, where A and C are dummy variables for alcohol
and cigarette use (1 for yes and 0 for no). Predicted probability of using marijuana is higher for
those who have used alcohol and for those who have used cigarettes.

b. (l) e—5.31/[1 + e—5.3]] = 005’ (ll) 8—5‘31+2'99+2'85/[1 + e—5.31+2.99+2.85] = .63

¢. 29 =19.8; controlling for cigarette use, the estimated odds of using marijuana for those who
have used alcohol are 19.8 times the odds for those who have not used alcohol. Odds ratio for
effect of cigarette use is 235 = 17.3. Both effects are very strong.

d. Pearson statistic = .40, df = 1, good fit (P =.5) e. (AC,AM,CM)

13. Likelihood-ratio statistic =40082.2—40076.0 = 6.2, df =3, which has P =.10; the evidence
of interaction is minor, especially given the enormous sample size.

15a. (i) (W, X, Y, Z), (ii)) (XY, W, Z), (i) (WX, WY, WZ, XY, XZ,YZ)

b. Logit model with main effects for X and Z.

17b. Confidence interval for log odds ratio is 2.848 +1.96(.1638) = (2.53, 3.17), and by ex-
ponentiating the endpoints, (12.5, 23.8) for the odds ratio.

19a. Since coefficient (—.0414) of income is negative, the estimated odds that satisfaction is
below some level decrease as income increases; since e %414 = .96, the estimated odds that sat-
isfaction is below any fixed level at income X + 1 equal the odds at income X multiplied by
.96. Equivalently, odds that satisfaction is above any fixed level multiply by 1/.96 = 1.04 (i.e.,
increase by 4%).

b. Wald statistic = 3.5 = likelihood-ratio statistic, with df = 1, for which P =.06; some evidence
of an effect.

¢. x2 =4.09,df =4, P = .39, providing no evidence of an effect. This ignores the ordinal
nature of the variables, whereas analysis in (b) is directed toward a positive or negative ordinal
trend.

d. z test based on gamma has test statistic z =.287/.151 = 1.90, which has P =.057 (or (1.90)2
= 3.6 is chi-squared with df = 1).

21a. Coding the variables (0,1) for (female, male), (0,1) for (urban, rural), and (0,1) for
(no, yes) for seat-belt use, ﬁ = —.54 for gender, .77 for location, —.82 for seat belt; control-
ling for the 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.

b. Wald statistic = 891.5, df = 1.

¢. ¢824 = 44; for those wearing seat belts, the estimated odds of injury more serious than any
fixed category are .44 times the estimated odds for those not wearing seat belts.

d. The interval (—.878, —.770) for the B coefficient of seat-belt use has exponentiated endpoints
(.42, .46), which form the interval for this odds ratio.
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29a. Those taking educational program have odds of using condoms that are 4.04 times odds for
those not taking educational program; confidence interval predicts that true odds ratio exceeds
1.0, so program appears to have an effect.

b. logit() = intercept + 1.40G + .32M + 1.76S + 1.17P, where G = 1 for education group
and 0 otherwise, M = 1 for males and 0 otherwise, S = 1 for high SES and 0 otherwise, and P =
lifetime number of partners. The coefficients are the logs of the odds ratio estimates; e.g., 1.40
=log(4.04).

¢. Logs of endpoints are (log(1.23), log(12.88)) = (.21, 2.56), and 1.38 is the center of this in-
terval.

37. A 1-unit change in X has an approximate change of | 8|/4 in the probability, which implies
that a 1/|8|-unit change in X has an approximate change in the probability of (1/|8)(|8]/4) =
1/4, or from & = .5 to .25 or .75.

39. log(f.) = log(r;) +1log(c;) —log(n), which has the form log(f.) = « + ; + y;j with main
effects for the two classications.

41a. The slope of the line relating Y to each X is the same at every fixed value of the other X.
b. The slope of the line relating Y to X; is the same for each category of X,.

¢. The difference of means of Y between two levels of one X is the same for every category of
the other X.

d. The odds ratio between Y and each X is the same for every category of the other X.

€. The odds effect of each X on Y is the same at every fixed value of the other X.

Chapter 16

1a. Estimated hazard rate for blacks is ¢33 = 1.42 times the rate for whites. Estimated hazard
rate for males is .94 times the rate for females.
b. z=.353/.0423=8.3, P < .0001; extremely strong evidence that the rate is higher for blacks.

3. Number of years worked before retirement, for a random sample of adults.





