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Mixed Models
LIMITATIONS OF LINEAR MODEL

Objectives

 At the end of this series of lectures, you should be able to: 
 Define terms. 

 Describe why simplicity is desirable in an analysis. 

 Explain the assumptions and limitations of linear regression. 

 Describe how the assumptions can be assessed and general 
consequences of violations. 

Channell’s Axiom

 There is power and elegance in simple statistics. 
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Zuur’s Mandate

 Apply the simplest statistical technique on your data, but ensure 
that it is applied correctly. 

Models

 Linear models
 Linear Regression is our dominant approach

Linear Regression

 Assumptions ~ Limitations
 Normality

 Homogeneity

 Independence

 Fixed X

 Appropriate model (Linearity)

 How do we verify these assumptions?



4/9/2018

3

Linear Regression

 What  if we violate some of them? 
 What if we violate all of them?

 Reject the model

 How much can we violate the assumptions before we are in 
trouble?

Normality

 For each value of X, there is a normal distribution of Y-values.

Normality

 The actual assumption is not typically evaluated. 
 We typically evaluate the normality of the residuals. 

 This is sufficient. 
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Normality

 If we cannot meet this assumption: Transformation of the data is a 
possibility. 

 Some authors do not consider violation of this assumption as a 
serious problem.
 Probably not a problem if the sample size is large enough. 

Homogeneity

 The variability in the Y-values are consistent over the range of the X-
values. 

Homogeneity

 Typically evaluated by graphing the residuals against the predicted 
values. 
 HOV tests

 Graphs are preferred over the tests. 
 Tests often assume a normal distribution – which might not be true. 
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Homogeneity

 If we cannot meet this assumption: Transformation of the data is a 
possibility. 
 Mean variance stabilizing transformations

Homogeneity

 Serious heterogeneity indicates that the wrong model was applied.  
 Possibly not a linear relationship.

Independence

 The values of Y are independent of other such values. 
 Sampling issue

 Also related to homogeneity
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Independence

 Evaluated by graphing the residuals against the X-values. 
 Portions of X axis with all positive or all negative residuals. 

Independence

 Lack of independence can result from: 
 Improper model

 Structure of the data
 Nonrandom sampling

 Spatial or temporal autocorrelation

Fixed X

 The x-variable is under the control of the observer and the X-values 
are exact. 
 No error in the measurement of X-values. 

 I am not aware of any way to evaluate this assumption. 
 Often not true.  
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Fixed X

 Probably not a problem if the error is small compared to the range 
of the range of the X-value. 

Assumptions

 Without transformation it rare for a biological dataset to meet all of 
these assumptions. 

Linear Models

 What if we cannot meet the assumptions?
 Transform the data.

 How does the transformation change our interpretation of the relationship?

 Use a nonparametric. 
 Loss of power. 

 Build a better model. 
 Increased complexity. 

 Fits our data. 

 Can be easier to interpret. 


