
Chapter 31 

Multiple Regression Wisdom 

 

Math 2200 



Example: Roller coaster 

• What makes a roller coaster faster? 

• How long will the ride last? 

Name Park State Country:Data Type Type# Opened Speed Height drop Length Inversions

Top Thrill Dragster Cedar Point Ohio USA Steel 1 2003 *120 *420 *400 *2800 0

Superman The Escape Six Flags Magic Mountain California USA Steel 1 1997 *100 *415 *328.1 *1235 0

Millennium Force Cedar Point Ohio USA Steel 1 2000 93 310 300 6595 0

Goliath Six Flags Magic Mountain California USA Steel 1 2000 85 235 255 4500 0

Titan Six Flags Over Texas Texas USA Steel 1 2001 85 245 255 5312 0

Phantom's Revenge Kennywood Park Pennsylvania USA Steel 1 2001 82 160 228 3200 0

Xcelerator Knott's Berry Farm California USA Steel 1 2002 82 205 130 2202 0

Desperado Buffalo Bill's Resort & Casino Nevada USA Steel 1 1909 80 209 225 5843 0



Variables 

• Type: wooden or steel 

• Duration (in seconds) 

• Speed: top speed in mph 

• Height: maximum height above ground level (in 

feet) 

• Drop: greatest drop (in feet) 

• Length: total length of the track (in feet) 

• Inversions: whether riders are turned upside 

down during the ride 



Duration v.s. Length 
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Regression Statistics

Multiple R 0.725629982

R Square 0.526538871

Adjusted R Square 0.519254853

Standard Error 32.77262405

Observations 67

ANOVA

df SS MS F Significance F

Regression 1 77639.35101 77639.35101 72.28687736 3.75135E-12

Residual 65 69812.91764 1074.044887

Total 66 147452.2687

Coefficients Standard Error t Stat P-value

Intercept 56.48790784 10.4869374 5.386501863 1.06285E-06

X Variable 1 0.021820907 0.002566511 8.50216898 3.75135E-12
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When a predictor variable is an 

indicator,… 

• Inversion: upside down or not 

– 1: with inversion 

– 0: without inversion 
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Without inversions 
Regression Statistics

Multiple R 0.778609

R Square 0.606232

Adjusted R Square 0.596136

Standard Error 32.46685

Observations 41

ANOVA

df SS MS F Significance F

Regression 1 63291.23 63291.23 60.04312843 2.05518E-09

Residual 39 41109.75 1054.096

Total 40 104401

CoefficientsStandard Error t Stat P-value

Intercept 29.52697 15.3781 1.920066 0.062184904

Length 0.026497 0.00342 7.74875 2.05518E-09



With inversion 

Regression Statistics

Multiple R 0.839671

R Square 0.705048

Adjusted R Square 0.692224

Standard Error 23.20216

Observations 25

ANOVA

df SS MS F Significance F

Regression 1 29597.22 29597.22 54.97867 1.53953E-07

Residual 23 12381.82 538.34

Total 24 41979.04

Coefficients Standard Error t Stat P-value

Intercept 47.64539633 12.50167975 3.81112 0.000898

Length 0.029917348 0.004034837 7.41476 1.54E-07



Into one regression 
Regression Statistics

Multiple R 0.797061

R Square 0.635306

Adjusted R Square 0.623728

Standard Error 29.21582

Observations 66

ANOVA

df SS MS F Significance F

Regression 2 93676.51 46838.25 54.87375 1.58765E-14

Residual 63 53774.52 853.5639

Total 65 147451

Coefficients Standard Error t Stat P-value

Intercept 25.63017993 12.07020139 2.123426 0.037652

Length 0.027415281 0.002632039 10.41599 2.49E-15

Inversion 29.21386322 8.242299649 3.544383 0.000748



Fitted model 

The predicted duration is 

 

25.63 + 0.0274 * Length + 29.214 * Inversion 

 

What does 29.214 mean? 

 

-- difference in the intercepts 



What if slopes are different? 
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Interaction term 

• Interaction term 

– The product of an indictor for one group and 

the predictor variable 



Regression Statistics

Multiple R 0.883499

R Square 0.78057

Adjusted R Square 0.75706

Standard Error 106.0395

Observations 32

ANOVA

df SS MS F Significance F

Regression 3 1119979 373326.4 33.20114 2.31869E-09

Residual 28 314842.7 11244.38

Total 31 1434822

Coefficients Standard Error t Stat P-value

Intercept 137.3953905 58.72265105 2.339734 0.026656

Carbs(g) 3.933165673 1.11337567 3.532649 0.001448

Meat? -26.15670801 98.47871407 -0.26561 0.792487

Interaction 7.875295145 2.179491657 3.613363 0.001172



Fitted model 

The predicted calorie is  

 

137.4 + 3.93*carbs – 26.16*meat + 7.88 * carbs*meat 



Leverage 

• Consider a linear regression model 

 ŷ = ax + b 

• If we change a point (x0, y0) in the direction 

of y, then we will get a slightly different 

regression model. 

• Let ŷ0 = ax0 + b, then leverage of the point 

(x0, y0) is the direvative 
𝑑ŷ_0

𝑑𝑦_0
 

• Leverage is betwee 0 and 1 



Standardized Residual 

• Let se be the standard deviation of the 

residual. 

• For a point (x0, y0), the standardized 

residual, or the studentized residual 

because it follows a t-distribution, is 
ŷ_0 − 𝑦_0

𝑠_𝑒
 



Colinearity 

• A case with both high leverage and large 

standardized residual is influential. 

Influential Case 

• When two or more predictors are linearly 

related, they are said to be collinear. 



 



What can go wrong? 

• Interpreting coefficients 
– Do not mis-interpret the sign of the coefficient 

• No causal interpretation 

• Be careful about making predictions 

• Watch out for the plot thickening in a residual 
plot 

• Errors should be nearly normal 

• High influential points and outliers 

• Check for parallel regression lines when an 
indicator variable exists 
– Consider adding an interaction term 


