
Week 6, February 17th 2017 



Assignment #4 
• What does it MEAN? 



Cutting Continuous Variables 
• Why cut up an independent continuous variable? 
• Why not cut up an independent continuous variable? 
• Why dichotomize a continuous dependent variable? 
• Why dichotomize a dependent variable? 

 

http://mdm.sagepub.com/content/32/2/225.full


Tectonic Belts 
• The Insular Belt had no connection to North America before accretion. 
• The Coast Belt is the largest outpouring of granite and granodiorite in the phanerozoic. 
• The Intermontane Belt 400 million to within 10,000 years old. 
• The Omineca Belt 2 billion to 180 million years old.  
• The Foreland Belt is 1.4 billion to 33 million years old. 

 



Radon and Tectonic Belts 
• Strong relationship formed the basis of 2012 building code policy in British Columbia 
• We have decided to split the data by concentrations over and under 100 Bq/m3 as 

consistent with the WHO guidelines 
 
 



Visualize 
• We can visualize using a bar plot or a stacked bar plot 
• What’s the relationship here? 
• How do we test for significant association? 

 



Test for Association 
• Cross-tabulation 
• Chi-squared test 
• H0: the variables are independent  



Quantify the Association 
• Logistic regression 
• What are the odds of something? 
• What is an odds ratio? 



Value of X A 
 
Instances of 
Y = 
Under100 

B 
 
Instances of 
Y = Over100 

C = A/A+B 
 
Y = Over100 
as observed 
probability 

D = C/1-C 
 
Y = Over100 
as odds 

E = CX/Cref 
 
Odds ratio 
compared 
with Insular 

Insular 146 2 0.01351 0.01369 reference 

Coastal 73 3 0.03947 0.04106 3.08 

Intermontane 319 94 0.22760 0.29467 22.10 

Omineca 236 131 0.35694 0.55508 41.64 

Foreland 112 18 0.13846 0.16071 12.06 

The Odds Ratio 
• Odds = the probability of something happening over the probability of something not 

happening 
• Odds ratio = ratio of the odds in two different groups 



The Logit 
• Logit = log of the odds 
• Properties of the logit allow us to do a linear regression with it as the dependent 

variable (Y) 

Value of X A 
 
Instances of 
Y = 
Under100 

B 
 
Instances of 
Y = Over100 

C = A/A+B 
 
Y = Over100 
as observed 
probability 

D = C/1-C 
 
Y = Over100 
as odds 

Y = log(D) 
 
Logit 

Insular 146 2 0.01351 0.01369 -4.29 

Coastal 73 3 0.03947 0.04106 -3.19 

Intermontane 319 94 0.22760 0.29467 -1.22 

Omineca 236 131 0.35694 0.55508 -0.59 

Foreland 112 18 0.13846 0.16071 -1.82 



Logistic Regression 
• Instead of modelling values of y we are modelling the probability of observing y via 

the log odds of observing y. 



Logistic Regression 
• logit(Y) = log(odds of observing Y) = β0 + β1X1  
• The intercept is now a NUISSANCE PARAMETER. It does not mean ANYTHING! 
• The coefficient for each dummy variable is the log(odds ratio) 
• Therefore exp(coefficient) = the odds ratio for that category 

Odds ratio for Omenica = exp(3.7018) = 40.5     
LCI = exp(2.5860 - 1.96*0.43094) = 9.9 
UCI = exp(2.5860 + 1.96*0.43094) = 166.0 
 
The Omenica belt is associated with a 40.5-fold [9.9,166.0] increase in THE ODDS 
OF RADON BEING >100 Bq/m3 compared with the insular belt. 



Model Fit 
• Because logistic regression is weighted by the number of observations available along 

every point of the line, it typically uses maximum likelihood estimators (MLE), not 
least squares 

• Model fit is assessed by subtracting the residual deviance from the null deviance to 
get the deviance explained by the model (similar to the variability explained in linear 
regression). 

• The deviance explained follows a chi-squared distribution, so we use that to look up 
its significance along with the difference in degrees of freedom between the null and 
fitted models 

Difference = 4 

Difference = 118.9  

p = 9.15e-25 

% deviance explained? 



Collinearity in Multiple Regression 
• Collinearity occurs when two variables in a multiple regression model are measuring 

essentially the same thing  
• Collinearity makes models challenging to interpret because the statistical software 

does not know which variable to apportion the effect to 
• It is up to YOU to evaluate whether variables are collinear based on common sense 

and evidence of collinearity 
• The best evidence for collinearity is large changes in the coefficients for one variable 

when a potentially collinear variable is added to the model 
• Let’s try logistic regression with the POTENTIAL and TECBELT variables 



Radon Potential & Tectonic Belt 
• How would we test for an association between these variables? 

 





Potential Only 
• Did we explain much deviance? 
• How does moving from the low category to the high category affect the odds of 

finding a radon concentration >100 Bq/m3? 



TecBelt Only 
• Did we explain much deviance? 
• How does moving from Insular belt to the Omineca belt affect the odds of finding a 

radon concentration >100 Bq/m3? 
 



Both 
• Did we explain much more deviance with both variables? 
• How do the crude odds ratios compare with the adjusted odds ratios? 

 



Odds Ratios Comparison 
• Coefficients changing signs is the hallmark of the instability introduced by collinearity 

between variables 
 

Category Crude OR Adjusted OR 

MOD (vs. LOW) 0.69 1.17 

HIGH (vs. LOW) 1.22 0.86 

Coastal (vs. Insular) 3.00 3.30 

Intermontane (vs. Insular) 21.5 25.0 

Omineca (vs. Insular) 40.5 49.6 

Foreland (vs. Insular) 11.7 15.6 



Week 7 (March 3rd) 
 
• More on model building 
• Cross tabulation, chi-square, and logistic regression tutorial with Angela 
• Open discussion of questions related to the assignment (please post questions that 

you would like me to address to the listserv) 
• Opportunity to get help from both me and Angela with technical aspects of your 

assignments 
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