
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 
cyde 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 log (Pressure =-  3.15 -  1.001 log (Height) 
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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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c) Predicted 1/Distance = 3.30 + 0.235 X Speed, 
1/Distance linearizes  the plot. 

d) 263.4 feet. e) 390.2 feet (an extrapolation) 
f) Fairly confident, since R2  = 98.4%, and s is small. 
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33. a) The scatterplot is clearly 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-

 

0 

  

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

 

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

  

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

  

its era. Intercept -0.00007670 0.00007813 -0.98 0.349 

  

Height 0.00071307 0.00000260 274.30 0.000 
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s makes the plot more linear. 
c) 1/(Swings) = 0.0367 + 0.00176 X Length. 

or log (Swings) = 1.721 - 0.453 log(Length) 
d)22.9 swings. e) 8.3 swings. 
f) Fairly confident. These values are outside the data range, but 

not by a lot. Also, R2  = 98.1%. 
17. a) The plot looks fairly straight. (It is okay to see a bend in the 

plot; there's one there.) 
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The residuals plot shows a strong bend. 
c) log(Salary) works well. 
d) log (Salary) = -109.133 + 0.05516 Year 
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Concave upward curve. 
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Taking the log of both variables linearizes the plot. 
log(Length) = -2.95 + 1.5 log(Distance). 

c) Fits perfectly. R2  = 100%. 

Log(Distance) against position works pretty well. 
log(Distance) = 1.245 + 0.271 X Position number. 

b) Pluto's residual is not especially larger in the log scale. 
However, a model without Pluto predicts the 9th planet 
should be 5741 million miles. Pluto, at "only" 3707 million 
miles, doesn't fit very well, giving support to the argument 
that Pluto doesn't behave like a planet. 

20. log(Distance) = 1.32 + 0.23 X New Position, or 

log(Distance) = 1.285 + 0.239 New Position (without Pluto). 
The linear relationship is very strong (R2  = 99.5%). The new po-

 

model had R2  = 98.2%. 
sition works better for modeling log(Distance), since the other 

21. The predicted log(Distance) of Eris is 3.685, corresponding to a 
distance of 4841 million miles. That's short of the actual average 
distance of 6300 million miles. 

22. Both models have high R2, but the Exercise 18 model has R2  = 1. 
That indicates that perhaps we have found a physical law. If 
we find another system with the same pattern, it would add evi-
dence for Titius-Bode "law"; otherwise, we would discount the law. 
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lirrft = -4 + diem 
The model is exact. 

b) 36 board feet. c) 1024 board feet. 
24. a) Lift = 164.97 + 2.56Class. 
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Residuals show a curved pattern; need a different model. 
c) Re-expressing Class by reciprocal works well. (Other models 

are possible.) 
Lift = 568.727 - 15243(1/Class); R2  = 99.4% 

d) Less pattern in the residuals plot; higher R2. 
e) Asanidze's large negative residual indicates that he lifted less 

than expected. 
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26. a) Lift = 573.257 - 15491.5(1/Class) 
b) This model predicts 391.0 kg for Asanidze. 
c) He lifted 8.5 kg less than the model predicted. 

27. The relationship cannot be made straight by the methods of this 
chapter. 

1  
28. - 1.603 + 0.00112(Oranges) 

aveW eight 

29. a) A./.e.ft = 8.465 - 0.06926(Age) b) 52.10 years 
c) No; the residuals plot still shows a pattern. 

30. a) The linear model: 
Diameter = 1.97 + 0.463 x Age gives R2  = 98%, but there is a 
clear pattern in the residuals. The pattern oscillates, so it can-

 

not be made straight with the methods of this chapter. 
b) Less strong, since averages are less variable than individuals. 

PART II REVIEW 

1. % over 50, 0.69. 
% under 20, -0.71. 
% Graduating on time, -0.51. 
% Full-time Faculty, 0.09 

2. a) If no meals are eaten together, the GPA is 2.73. 
b) For each increase of 1 meal, the GPA increases by 0.11. 
c) 3.15 
d) The predicted GPA was higher than the observed value. 
e) There is no indication that there is a causal relation. There may 

be lurking variables. 
3. a) There does not appear to be a linear relationship. 

b) Nothing, there is no reason to believe that the results for the Fin-
ger Lakes region are representative of the vineyards of the world. 

c) CasePrice = 92.77 + 0.567 x Years. 
d) Only 2.7% of the variation in case price is accounted for by 

the ages of vineyards. Most of that is due to two outliers. We 
are better off using the mean price rather than this model. 

4. a) No, no apparent relationship. 
b) There is one very large leverage point. 
c) Weaker. The cross point is extreme in the x direction and low 

on the y-axis, causing the correlation to weaken (become 
closer to 0). 

d) The slope of the line would increase. 
5. a) TunnBirths = -5119590 + 2618.25 X Year. 

b) Each year, the number of twins born in a year increases, on 
average, by approximately 2618.25. 

c) 143,092.5 births. The scatterplot appears to be somewhat 
linear, but there is some curvature in the pattern. There is no 
reason to believe that the increase will continue to be linear 
5 years beyond the data. 

d) The residuals plot shows a definite curved pattern, so the 
relation is not linear. 

6. a) 0.914 
b) DJIA = -2294.01 + 341.095(Year-1970). 
c) Each year, the DIM increased by about 341 points, on average. 
d) The relationship does not appear to be linear, as the residuals 

have a definite pattern. 
7. a) -0.520 

b) Negative, not strong, somewhat linear, but with more varia-
tion as pH increases. 

c) The BCI would also be average. 
d) The predicted BCI will be 1.56 SDs of BCI below the mean BCI. 

8. a) Number of motorboat registrations. 
b) The association is fairly strong, linear, and has a positive 

direction. 
c) 0.946 
d) 89.5% of the variation in manatees killed is explained by the 

variation in powerboat registrations. 
e) No, there is no proof of causality. 

9. a) Manatee Deaths -= -45.67 x 0.1315 Powerboat Registrations 
(in 1000s). 

b) According to the model, for each increase of 10,000 motorboat 
registrations, the number of manatees killed increases by ap-
proximately 1.315. 

c) If there were 0 motorboat registrations, the number of manatee 
deaths would be -45.67. This is obviously a silly extrapolation. 

d) The predicted number is 82.41 deaths. The actual number of 
deaths was 79. The residual is 79 - 82.41 = -3.41. The model 
overestimated the number of deaths by 3.41. 

e) Negative residuals would suggest that the actual number of 
deaths was lower than the predicted number. 

f) Over time, the number of motorboat registrations has in-
creased and the number of manatee kills has increased. The 
trend may continue. Extrapolation is risky, however, because 
the government may enact legislation to protect the manatee. 

10. a) 73 points b) 7 points c) r = 0.75 d) 100 points 
e) The regression equation is designed to predict final exam 

scores based on midterm exam scores. You would need to find 
the regression equation to predict midterm scores based on 
final exam scores. 

f) -85 points 
g) Increase. The point is unusual and has a high negative resid-

ual that would decrease the correlation; removing it would 
increase the correlation and the R2  value. 

h) Slope will increase. 
11. a) -0.984 b) 96.9% 

e) Slope will increase. 
f) Correlation will weaken (become less negative). 
g) Correlation is the same, regardless of units. 

12. a) 0.473 b) A weak linear association in a positive direction.'`,!. 
c) The actual score was higher than the predicted value for 

Monday. 
d) The predicted Monday score would be (0.473) SDs, or 2.37 

points below the mean for Monday, or 34.9 points. 
e) Predicted Monday Score = 14.6 + 0.54 x Friday Score. 
f) 36.0 points 

13. a) Weight (but unable to verify linearity). 
b) As weight increases, mileage decreases. 
c) Weight accounts for 81.5% of the variation in Fuel Efficiency. 

14. a) Displacement and Weight (but unable to verify linearity). 
b) No. Large engines (higher displacement) weigh more, so the. 

gine itself may influence the weight somewhat. More likely, 
heavy cars are equipped with larger engines because their a.51 
weight needs a larger engine (higher displacement) to drivf. 

c) The change in units will not affect the correlation. 
d) The predicted fuel economy will be 0.786 SDs below the me 

fuel economy. 
15. a) Horsepower = 3.50 + 34.314 X Weight. 

b) Thousands. For the equation to have predicted values bet* 

and 160, the X values would have to be in thousands of pa 

c) Yes. The residual plot does not show any pattern. 

d) 115.0 horsepower. 
16. Sex and Colorblindness are both categorical variables, notc 

tative. Correlation is meaningless for them, but we can sa 

the variables are associated. 
17. a) The scatterplot shows a fairly strong linear relation M:,a 

tive direction. There seem to be two distinct clusters of 

b) Interval = 33.967 ÷ 10.358 X Duration. 
c) The time between eruptions increases by about 10A 

per minute of Duration on average. 
d) Since 77% of the variation in Interval is accounted f,a.r; 

Duration and the error standard deviation is 6.16 

prediction will be relatively accurate. 
e) 75.4 minutes. 
f) A residual is the observed value minus the predi5te 

3.6 = 79 - 75.4 the residual

 

underestimated the interval in indicatin 
al .= minutes, 

this case. 

c) 32.95 mph d) 1.66 mph 
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