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Statistical Interaction and Linear Regression 

Section E 

Tree Damage Data  

  Data on elevation and percentage of dead or badly damaged trees, 
from 64 Appalachian sites (reported by Committee on Monitoring 
and Assessment of Trends in Acid Deposition, 1986) 

  Eight of the 64 sites are in Southern states 
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Tree Damage Data 

  Data, as it appears in Stata 
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Tree Damage Data 

  Scatterplot of percentage of damaged trees on elevation 
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  SLR of percentage of damaged trees on elevation 
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Tree Damage Data Tree Damage Data 

  Scatterplot of a percentage of damaged trees on region 
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Tree Damage Data 

  SLR of the percentage of damaged trees on region (1 = north, 0 = 
south) 
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  Scatterplot of damage by elevation with points labeled by region 
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Tree Damage Data 

Tree Damage Data 

  Scatterplot of damage by elevation with points labeled by region 
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Tree Damage Data 

  Southern region trees are at a higher elevation 

  Southern region trees have less damage 
-  Damage related to elevation 
-  Damage related to region 
-  Elevation related to region 
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Tree Damage Data 

  Possible diagram of scenario 
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Damage 

Elevation Region 

Tree Damage Data 

  Let’s examine the damage/elevation relationship in northern states 
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  Let’s examine the damage/elevation relationship in southern states 
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Tree Damage Data Recap 

  Overall slope of damage on elevation 
-  0.009 

  Slope of damage on elevation by region 
-  South: -0.017 
-  North: 0.09 
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Multiple Regression 

  Scatterplot with separate regression lines for each region 
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What’s Going On? 

  Confounding? 
-  Southern trees—less damage, higher elevation 
-  Overall slope showing a very small relationship between damage 

and elevation is in part because of confounding between 
elevation and region as both relate to damage 

-  How do you get “adjusted” relationship between damage and 
elevation after removing a portion attributable to region/
elevation relationship? 
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Multiple Regression 

  Regression of damage on both elevation and region 
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Interpretation 

  After adjusting for region, a one meter increase in elevation 
increased the percentage of damaged trees by .06 on average (95% 
CI .03% to .08%) 

  After adjusting for elevation, trees in northern states suffered tree 
damage on average 50% higher than southern states (95% CI 32% to 
62 %) 

  Together, elevation and region explained about 38% of the 
variability in percentage of damaged trees 
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Multiple Regression 

  This model “assumes” the same damage/elevation relationship for 
each region 

  Recall, when we regressed damage on elevation separately for each 
region, we got different estimates of the damage/elevation 
association 
-  South: -0.017 
-  North: 0.09 
-  Do we really think the underlying relationship between damage 

and elevation is the same for both regions? 
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Multiple Regression 

  Scatterplot with separate regression lines for each region 
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Effect Modification 

  Suppose we wanted to allow for different estimates of the 
relationship between damage and elevation depending on region 

  We could run two separate regressions, damage or elevation for 
each region, and report the results separately 
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Does this Suggest Effect Modification? 

  Coefficient estimates for elevation “look different” for each region 
but are they really different? 

  We would need to do a formal hypothesis test/estimation of the 
difference, comparing elevation coefficient across models (a pain!) 

  Is there any way this could be done without running separate 
regressions? 
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More Elegant Solution! 

  Add an interaction term to the model which already includes 
elevation (x1) and region (x2) as predictors 

  Add x3 = x1 * x2 
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Why Does this Work? 

  New model 

  What is the value of x3 for northern states? Southern states? (recall       
x2 = 1 if north, 0 if south) 

24 



Multiple Linear Regression: John McGready 

5 

Why Does this Work? 

  Model for southern states (x2 = 0) 

  So     estimates the magnitude of the relationship between damage 
and elevation in southern states—it is the slope of elevation (x1) for 
southern states 
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Why Does this Work? 

  Model for northern states (x2 = 1): so x3 = x2 * x1 = 1 * x1 

  So                estimates the magnitude of the relationship between 
damage and elevation in northern states—it is the slope of elevation 
(x1) for northern states 
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Why Does this Work? 

  So      is an estimate of the difference in the relationship between 
damage and elevation for the two different regions 

  It allows for the estimated “effect” of elevation on damage to be 
different depending on the region 

  If there is no difference in the damage/elevation relationship, then 
the true value of      would be 0 
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Test of Interaction 

  The following set of hypotheses: 
-  Ho: 
-  Ha: 
-  Is sometimes called a “test of interaction” 
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Stata Results 

  To create interaction term, use generate command 
-  generate interact = region*elev 
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Stata Results 

  Results from Stata 
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Stata Results 

  Results from Stata 
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Why Does this Work? 

  Model for southern states (x2 = 0) 

  The estimated relationship between damage and elevation for 
southern states is negative 

  On average, a one meter increase in elevation is associated with a 
.017 percentage decrease in the percentage of damaged trees but 
these results are not conclusive of a negative relationship (95% CI:  
-.05% decrease to 0.02% increase) 
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Why Does this Work? 

  Model for northern states (x2 = 1) 

  The estimated relationship between damage and elevation for 
northern states is positive 

  On average, a one meter increase in elevation is associated with a  
.09 increase in the percentage of damaged trees 
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Stata Results 

  Results from Stata 

34 

Why Does this Work? 

  Confidence interval is trickier—must appeal to Stata and lincom 
command 
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Take Home Messages 

  Statistical interaction (effect modification) occurs when the 
relationship between an outcome and predictor one is different 
depending on the level of predictor two 
-  BP treatment good for men, bad for women 
-  Relationship between cholesterol level and red meat 

consumption is different for smokers and non-smokers 
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Take Home Messages 

  Interactions are usually investigated because of apriori assumptions/
hypotheses on the part of the researchers 

  Linear regression allows for the inclusion of interactions (and formal 
tests of interaction) within a single regression model 

37 

Lecture Evaluation 
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Please take a moment to evaluate this 
lecture. Your feedback is very important 
and will be used for future revisions. The 
Evaluation link is available on the lecture 
page. 


