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Analysis of 
Covariance 
(ANCOVA)
LECTURE 10

Objectives

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

 Describe an ANCOVA.

 Describe the uses and limitation of an ANCOVA.

 Explain the assumptions of ANCOVA. 

 Interpret the results of an ANCOVA. 

 Perform an ANCOVA using R.

Review

 An ANOVA determines if a nominal independent variable influences a 
ratio/interval dependent variable. 

 A linear regression determines if a ratio/interval independent variable 
influences a ratio/interval dependent variable.  

 ANOVA and linear regression are both variations of the linear model.
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Review

 An ANCOVA determines if a nominal independent variable influences a 
ratio/interval dependent after the effect of a ratio/interval independent 
variable (covariate) has been corrected.  

 If you mated ANOVA with linear regression, then their offspring would be 
an ANCOVA. 

Overview

 Typically an ANCOVA is discussed as having one independent, one 
covariate, and one dependent.  The book’s treatment is allowing 
for multiple independent variables.  

Overview

 Intent -- Statistical
 Increase the sensitivity of the main effect (the effect of the nominal 

independent on the interval/ratio dependent variable) by removing the 
effect of the covariate. 

 Adjust the means of the dependent variable so that they were 
effectively equal relative to the covariate. 

 MANOVA – adjust the dependent variable relative to other dependent 
variables. 
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Overview

 Intent -- Uses
 “Control” for factors that cannot be eliminated but which can be 

measured on a ratio or interval scale. 

Overview

 Data requirements
 Independent variable 

 Nominal scale variable – groups. Can be more than one. 

 Ratio or interval sale variable -- Sometimes referred to as a covariate.  Can 
be more than one.  

 Power decreases for a given sample size as the number of covariates increases. 

 Dependent variable – One interval/ratio

 Data requirement:  None specified, more than if just an ANOVA. 

Overview

 Rationale
 A linear (or multiple) regression is conducted using the covariate as the 

independent. 

 The residuals of the linear regression are calculated. 
 All of the variation in the dependent variables that can be explained by the 

covariate have been removed. 

 Any variation that is left must be the result of the differences in the nominal 
independent and error (or other unexamined independent variables).
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Overview

 An ANOVA is then conducted using the nominal independent variable 
and residuals from the regression as the dependent variable. 

 An ANCOVA increases the power of an F test (ANOVA or regression 
ANOVA) by removing predictable variance associated with covariance 
from the residual/error term. 

Rationale

 Example

Assumptions

 Random sampling
 Independent observations
 Homogeneity of variances.
 Normality of the dependent variable relative to the groups of the 

independent variables. 
 The relationship between the dependent variable and the 

covariate (ratio/interval independent variable) is linear. 
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Assumptions

 The values of the dependent are an additive combination of its 
overall mean, the effect of the categorical independents, the 
covariate effect, and an error term.

 The error term is independent of the covariates and the categorical 
independents.

 There is little (actually no) error associated with the measure of the 
covariates. 

Assumptions

 The regression lines of each group should be parallel.  
 If the regression lines of Y on the covariate are not parallel for different 

groups, an interaction exists.  The amount of the effect of the treatment 
is different, depending on the value of the covariate. 

 If violated, the ANCOVA becomes increasingly conservative (increased 
Type II error - accepting a false null hypothesis). 

Issues

 The ANCOVA is highly sensitive to outliers. 
 The ANCOVA is highly sensitive to multicollinearity of covariates.


