
A-46 APPENDIX C Answers 

CHAPTER 9 

1. a) The trend appears to be somewhat linear up to about 1940, but 
from 1940 to about 1970 the trend appears to be nonlinear. 
From 1975 or so to the present, the trend appears to be linear. 

b) Relatively strong for certain periods. 
c) No, as a whole the graph is clearly nonlinear. Within certain 

periods (ex: 1975 to the present) the correlation is high. 
d) Overall, no. You could fit a linear model to the period from 

1975 to 2003, but why? You don't need to interpolate, since 
every year is reported, and extrapolation seems dangerous. 

2. a) The percent of men 18-24 who are smokers decreased 
dramatically between 1965 and 1990, but the trend has not 
been consistent since then. 

b) Stronger before 1990 than after. 
c) No. The relationship is not straight. 

3. a) The relationship is not straight. 
b) It will be curved downward. 
c) No. The relationship will still be curved. 

4. a) The relationship is not straight. 
b) It will be curved downward. 

5. a) No. We need to see the scatterplot first to see if the conditions 
are satisfied, and models are always wrong. 

b) No, the linear model might not fit the data everywhere. 
6. a) No, it just means that the model doesn't account for more than 

13% of the variation of the response variable. 
b) She should look at s to judge the accuracy of predictions. R2  is 

not a direct measure of accuracy. 
7. a) Millions of dollars per minute of run time. 

b) Costs for movies increase at the same rate per minute. 
c) On average dramas cost about $20 million less for the same 

runtime. 
8. a) The slopes are about the same, so the costs increase at about 

the same rate as movies get longer. 
b) Although the costs per minute are about the same, on average 

it costs about $20 million less to make an R-rated movie than a 
movie of the other rating types with the same running time. 

c) Omitting King Kong would make the slope for the PG43 
movies steeper. We'd conclude that the cost per minute of 
PG-13 movies was greater than the cost per minute of the 
other movies. 

9. a) The use of the Oakland airport has been growing at about 
59,700 passengers/year, starting from about 282,000 in 1990. 

b) 71% of the variation in passengers is accounted for by this 
model. 

c) Errors in predictions based on this model have a standard 
deviation of 104,330 passengers. 

d) No, that would extrapolate too far from the years we've 
observed. 

e) The negative residual is September 2001. Air traffic was 
artificially low following the attacks on 9/11. 

10. a) Tracking errors averaged about 292 nautical miles in 1970 and 
have decreased an average of 5.23 nautical miles per year 
since then. 

b) Residuals based on this model have a standard deviation of 
42.87 nautical miles. 

c) The model predicts an error of only 88.1 nautical miles in 
2009. However, the NHC has already achieved better than 
125-nautical-mile accuracy, so it seems safe to assume that 
they can maintain that level of success even if the decline in 
prediction errors doesn't continue. 

d) A tracking error of 90 nautical miles would be achieved if the 
trend fit by the regression model were to persist, but that is an 
extrapolation beyond the data. 

e) We should be cautious in assuming that the improvements in 
prediction will continue at the same rate. 

11. a) 1) High leverage, small residual. 
2) No, not influential for the slope. 
3) Correlation would decrease because outlier has large zx 

and zy, increasing correlation. 
4) Slope wouldn't change much because the outlier is in line 

with other points. 
b) 1) High leverage, probably small residual. 

2) Yes, influential. 
3) Correlation would weaken, increasing toward zero. 
4) Slope would increase toward 0, since outlier makes it 

negative. 
c) 1) Some leverage, large residual. 

2) Yes, somewhat influential. 
3) Correlation would increase, since scatter would decrease. 
4) Slope would increase slightly. 

d) 1) Little leverage, large residual. 
2) No, not influential. 
3) Correlation would become stronger and become more 

negative because scatter would decrease. 
4) Slope would change very little. 

12. a) 1) High leverage, makes large residual a bit smaller. 
2) Yes, influential. 
3) Correlation would increase because scatter would decrease. 
4) Slope would increase because outlier pulls the line toward 0. 

b) 1) High leverage, small residual. 
2) Yes, influential. 
3) Correlation would become weaker because outlier has high 

z, and zy  values, increasing correlation. 
4) Slope would decrease because outlier pulls the line from 

nearly flat to a positive slope. • , 
Little leverage, large residual. 
No, not influential. 
Correlation would become stronger because scatter would 
decrease. 

4) About the same. 
d) 1) High leverage, small residual. 

2) No, not influential. 
3) Correlation would become weaker and become less , 

negative because outlier has large negative zx  X zy  value 
4) Slope would stay about the same because outlier is 

consistent with slope determined by other points. 
13. 1) e 2) d 3) c 4) b 5) a 
14. 1) d 2) e 3) c 4) b 5) a 
15. Perhaps high blood pressure causes high body fat, high borty 

causes high blood pressure, or both could be caused by a hir 

variable such as a genetic or lifestyle issue. 
16. Perhaps playing computer games makes kids more violent 

more violent kids like to play computer games, or both b'ella 

could be influenced by a lurking variable such as the child 

home life or a genetic predisposition to aggressiveness. 

17. a) The graph shows that, on average, students progress t 

one reading level per year. This graph shows averageg 

each grade. The linear trend has been enhanced by us,in 

averages. 
b) Very close to 1. 
c) The individual data points would show much ma! 's 

and the correlation would be lower. 
d) A slope of 1 would indicate that for each 1-year gra., 

increase, the average reading level is increasingEV 

18. The graph has a positive trend, showing that increase 

is associated with increased GPA. However, the grapll, 

averages, not individual data. While SAT may be a f 

t,,
le 

of GPA on average, there may also be lurking variab 
alLY 

19. a) Cost decreases by $2.13 per degree of average 
d 

warmer temperatures indicate lower costs. 
he  cos t 

b) For an avg. monthly temperature of 0°F, 

to be $133.  
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0 Too high; the residuals (observed - predicted) around 32°F 
are  negative, showing that the model overestimates the costs. 

d) $111.70 e) About $105.70 
No, the residuals show a definite curved pattern. The data are 
probably not linear. 

g) No, there would be no difference. The relationship does not 
depend on the units. 

20. a) The slope indicates that Fuel Efficiency decreases by 0.1 mpg 
per mph of Speed; for every 10 mph of increase in speed, the 
fuel economy decreases by 1 mpg. 

b) The intercept is the predicted fuel efficiency at 0 mph, which 
doesn't make any sense. 

0 The residuals are negative, so the model is overestimating 
the mpg. 

d) 27 mpg e) 28.5 mpg 
0 The association is strong but not linear. 
g) No, the residuals indicate a clear nonlinear relationship. 

21. a) 0.88 
I) Interest rates during this period grew at about 0.25% per year, 

starting from an interest rate of about 0.64%. 
c) Substituting 50 in the model yields a prediction of about 13%. 
d)Not really. Extrapolating 20 years beyond the end of these data 

would be dangerous and unlikely to be accurate. 
22. a) -0.8666 

b) The Age Difference is decreasing by about 0.0166 years per Year. 
c) About 1.61 years. 
d) The latest data point is for the year 2003. Extrapolating to 2015 

is risky because it depends on the assumption that the trend 
will continue in the same manner. 

23. a) The two models fit comparably well, but they have very 
different slopes. 

b) This model predicts the interest rate in 2000 to be 3.24%, much 
lower than the other model predicts. 

c) We can trust the new predicted value because it is in the mid-
dle of the data used for the regression. 

d) The best answer is "I can't predict that." 
24. a) The data from the late 1800s to 1950 are high-leverage points. 

Since they generally follow the same linear trend as the 
1975-1998 data, those data points increase the correlation and 
the R2  value. 

b) Probably. There is a slight bend, but it is difficult to tell 
whether it is enough to prevent using a linear model. We 
should proceed with caution. 

c) The predicted Age Difference drops about 0.030 years per Year. 
d) These data begin with x = 75. They-intercept is the predicted 

difference in age at the year x = 0, quite an extrapolation. 
25. a) Stronger. Both slope and correlation would increase. 

b) Restricting the study to nonhuman animals would justify it. 
c) Moderately strong. 
d) For every year increase in life expectancy, the gestation period 

increases by about 15.5 days, on average. 
e) About 270.5 days. 

26. a) Only 1.3% of the variation in time is accounted for by the 
regression on year. 

b) We can't say. The Outlier Condition is violated. 
c) Probably not. This point doesn't have much leverage. 

27. a) Removing hippos would make the association stronger, since 
hippos are more of a departure from the pattern. 

b) Increase. 
c) No, there must be a good reason for removing data points. 
d) Yes, removing it lowered the slope from 15.5 to 11.6 days per 

year. 
28. a) Errors of prediction should be smaller with the new model. 

b) This regression accounts for only 4.1% of the variability in 
time, but it looks like swimmers are slowing down at the rate 
of about 6.2 minutes per year. 

29. a) Answers may vary. Using the data for 1955-2000 results in a 
scatterplot that is relatively linear with some curvature. The  

residuals plot shows a definite trend, indicating that the data 
are not linear. If you used the line, for 2010 the predicted age is 
26.07 years. 

b) Not much, since the data are not truly linear and 2010 is 10 years 
from the last data point (extrapolating is risky). 

c) No, that extrapolation of more than 50 years would be absurd. 
There's no reason to believe the trend from 1955 to 2000 will 
continue. 

30. Answers may vary. There seem to be two periods. From 1980 to 
1993 or so, there was a consistent increase of about 1% a year. A 
regression of those years gives: 

Percentage = -1988.94 + 1.014 Year 
with an R2  of 98.9%. The years from 1994 to 1998 are nearly flat. 
A model of those years yields: 

Percentage = -87.28 + 0.060 Year 
with an R2  of 17.3%. 
How to use the data depends on the purpose of the study. 

31. • 
80 - • 

76- 

72 - 

68 - 

64 - 

5 10 15 20 25 
Births/woman 

a) Except for the outlier, Costa Rica, the data appear to have a 
linear form in a negative direction. 

b) The outlier is Costa Rica, whose data appear to be wrong, 
with 25 births per woman. That's impossible. 

c) With Costa Rica, r = 0.168 and R-squared = 2.8%, indicating 
that 2.8% of the variation in Life Expectancy is explained by the 
variation in Births per Woman. Without Costa Rica, r = -0.796 
and R-squared = 63.3%, indicating that 63.3% of the variation 
in Life Expectancy is explained by the variation in Births/Woman. 

d) With Costa Rica, Life ExpectariFg -= 72.6 + 0.15 Births; without 
Costa Rica, Life Expectancy = 84.5 - 4.44 Births. 

e) The model with Costa Rica is not appropriate. The residuals 
plot shows a distinct outlier, which is Costa Rica. Removing 
Costa Rica gives a better residuals plot, suggesting that the 
linear equation is more appropriate. 

f) With Costa Rica, the slope is near 0, suggesting that the linear 
model is not very useful. They-intercept suggests that with no 
births, the life expectancy is about 72.6 years. Without Costa 
Rica, the slope is -4.44, indicating that an average increase of 
one child per woman predicts a lower life expectancy of 4.44 
years, on average. The y-intercept indicates that a country with 
a birth rate of zero would have a life expectancy of 84.5 years. 
This is extrapolation. 

g) While there is an association, there is no reason to expect 
causality. Lurking variables may be involved. 

32. a) The relationship is positive (increasing speed over time), with 
a moderate amount of scatter. There is a general linear trend, 
with several deviations. There were no races from 1915 to 1918 
or from 1940 to 1946 because of world wars. After each, 
speeds didn't recover for several years. The unexpectedly low 
speed for 2006 may be due to the absence of several leading 
riders over suspicions of drug use. 

b) Avgspeed = -272.745 + 0.156 Year 
c) No. The relationship is not straight enough in the early part of 

the 20th century to fit a regression line. The variables are 
quantitative, and there are no real outliers. 
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33. a) The scatterplot is dearly nonlinear; however, the last few 
years-say, from 1970 on-do appear to be linear. 

b) Using the data from 1970 to 2006 gives r = 0.997 and 0.03 

  

CPI = -9052.42 + 4.61 Year. Predicted CPI in 2016 = 241.34 
(an extrapolation of doubtful accuracy). 

§ 0.02 

  

34. a) After an initial post-war increase, speeds leveled off in the 
1960s. They began to climb again in the 1980s and have g. . • 

 

generally continued to do so. Avgspeed = -205.8 + 0.123 Year 
b) The slope says that average winning speed increases by about 

171 0.01 1:c • 
• 

 

I 
10 20 30 40 50 

0.123 kph per year. Height (In.) 

 

c) Hirtault's 1979 time has a residual of 2.79 kph. He raced much 
faster than the model would predict (se  = 1.34 kph). 

1/Pressure is an exact relationship. R2  is 100%. 

 

Armstrong's 2005 speed of 41.65 kph has a residual of reciprocal Pressure = -0.000077 + 0.000713 .geiglit 

 

-1.45 kph. Hinault's performance was more remarkable for Predictor Coeff SE Coeff 

 

its era. Intercept -0.00007670 0.00007E113 -0.98 0.349 

 

Height 0.00071307 0.00000260 274.30 0.000 

CHAPTER 10 

1. a) No re-expression needed. 
b) Re-express to straighten the relationship. 
c) Re-express to equalize spread. 

2. a) Re-express to straighten the relationship. 
b) Re-express to equalize spread. 
c) No re-expression needed. 

3. a) There's an annual pattern in when people fly, so the residuals 
cycle up and down. 

b) No, this kind of pattern can't be helped by re-expression. 
4. a) The plot shows a wavy pattern, likely part of an annual cycle 

that repeats each year. 
b) Cyclic patterns like this cannot be straightened with a 

re-expression. 
5. a) 16.44 b) 7.84 c) 0.36 d) 1.75 e) 27.59 
6. a) 1.44 b) 630.96 c) 5.78 d) 1.67 e) 0.128 
7. a) Fairly linear, negative, strong. 

b) Gas mileage decreases an average 7.652 mpg for each 
thousand pounds of weight. 

c) No. Residuals show a curved pattern. 
8. a) The scatterplot shows upward curvature and decreasing spread. 

b) Try plotting log (GDP) against Crowdedness. 
9. a) Residuals are more randomly spread around 0, with some low 

outliers.  
b) Fuel Consumption = 0.625 + 1.178 X Weight. 
c) For each additional 1000 pounds of Weight, an additional 

1.178 gallons will be needed to drive 100 miles. 
d) 21.06 miles per gallon. 

10. a) No. The student has gone too far. We now see marked down-
ward curvature. 

b) A next step would be to try a "weaker" re-expression, like 
reciprocal square root or log (GDP). 

11. a) Although more than 97% of the variation in GDP can be 
accounted for by this model, we should examine a scatterplot 
of the residuals to see if it's appropriate. 

b) No. The residuals show clear curvature. 
12. No, a trend that goes up and down erratically cannot be lin-

earized by re-expression. 
13. Yes, the pattern in the residuals is somewhat weaker. 
14. 
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s = 0.0001057 R - Sq = 100.0% R - Sq(adj) = 100.0% 

or gj -P-/------ssure = 3.15 - 1.001log (Height) 
15. a) 

300 
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Distance = -65.9 + 5.98 Speed. 
But residuals have a curved shape, so linear model is not 
appropriate. 
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VDistance linearizes  the plot. 
c) Predicted VDistance = 3.30 + 0.235 X Speed. 

d) 263.4 feet. e) 390.2 feet (an extrapolation) 
f) Fairly confident, since R2  = 98.4%, and s is sin 

16. a) 

20 • 

10 
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Relationship is curved, not straight. 
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