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MANOVA
LECTURE 11

Objectives

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

 Describe the use and limitations of a MANOVA.

 State the assumptions for the use of MANOVA.

 Describe the different test statistics available for MANOVA.  

 Interpret the results of MANOVA. 

 Perform a MANOVA using R.

Review

 A t-test tests for the influence of one nominal independent variable 
(with two conditions/samples) on one ratio/interval dependent 
variable. 
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Review

 A one-way ANOVA tests for the influence of one nominal 
independent variable (with more than two conditions/samples) on 
one ratio/interval dependent variable.  
 An ANOVA addresses the inflation of the Type I error. 

Review

 A two-way ANOVA tests for the influence of two nominal 
independent variables on one ratio/interval dependent variable. 
 Can include as many independent variables as needed. 

 Inflation of the Type I error rate because of multiple comparisons.  

 Interactions.  

ANOVA Review

 Multiple Comparisons
 Inflation of Type I error rate

 Partition of variance into within and among variability
 Simulation
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ANOVA Review

 Interactions
 Effect size

 Similar to r2

 Varies from 0-1

 Explains how much (percentage) of the variation in the dependent 
variable can be explained by the independent variables. 

 Biological studies effect sizes vary a great deal -- great variation the 
material studied. Generally 80% or above is considered fabulous. Below 
12-15% is generally dismissed 

ANOVA Review

 Bonferroni inequality
 Bonferroni correction
 Power

Overview

 Intent
 A MANOVA tests for the for the influence on one or more nominal 

independent variables on two or more ratio/interval dependent 
variables. 
 Inflation of the Type I error rate

 Interactions
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Overview

 Intent
 Detect differences in a combination of dependent variables. 

 Conceptually similar to interactions of the independent variables. 

 Can detect changes in a combination of dependent variables that would 
not be detected otherwise. 

Overview

 Intent
 Increased power.  

 Detect smaller effect size. 

Overview

 Data
 Independent variable

 One or more, nominal 

 Recode ordinal, interval, and ratio
 Loss of power

 Alternate test
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Overview

 Data
 Dependent variable

 Two or more, ratio or interval 

 Correlated?

Overview

 Data
 Sample sizes

 Minimum number of observations per treatment: 20 

 The number of observations per treatment must exceed the number of 
dependent variable. 

 Low number of observations will decrease the power. 

 Ultimately depends on the effect size of the treatment.

Overview

 Rationale
 A natural extension of the rationale of the ANOVA. 

 Different in that the ANOVA detected difference in means while an 
MANOVA detects differences in vectors. 
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Assumptions

 Random sampling
 Independent observations
 Multivariate normality
 Equality of variance/covariance
 Linearity? 

Issues

 Factorial design
 Interactions

 Ordinal 

 Disordinal

 Covariates
 Outliers

Follow-up Analyses

 A MANOVA just tells you that significant differences exist it does not 
tell you which treatments differ. 
 Multiple univariate ANOVAs potentially followed by multiple comparison 

tests.

 Discriminant Analysis -- later in the semester
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Interpreting the Results

 Box's M test -- Test for significant difference with variances 
(assumption of homogeneity of variances). 
 Flaky test

Interpreting the Results

 The main result is a listed for each independent variables using 4 
different evaluation methods. 
 A value

 An F test

 A DF (which will always be the same among the methods)

 An error DF

 A significance (probability)

 A noncentrality parameter

 A power (optional)

Interpreting the Results

 Wilk's Lambda
 Characteristics -- Determines whether the groups are different without 

worrying about linear combinations of dependent variables.

 When to use -- Good balance between power and assumptions. 
Frequently used, but is a compromise between the Pillai's and Roy's. 
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Interpreting the Results

 Pillai's Trace  
 Characteristics -- Minor differences from Wilks

 When to use -- Most robust when assumptions are not met. Particularly 
useful is sample sizes are small, cell sizes are unequal, or covariances are 
not homogeneous.

Interpreting the Results

 Hotelling's (Lawley-Hotelling) Trace
 Characteristics -- Minor differences from Wilks

 When to use – When there is only one independent variable and that 
independent variable has just two conditions (two samples). 

Interpreting the Results

 Roy's Maximum Root
 Characteristics -- Measures the differences only on the first canonical 

root.

 When to use -- Appropriate and very powerful when the dependent 
variables are strongly intercorrelated. Most likely to be affected by 
violations of assumptions. Use if assumptions appear to be met.
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Interpreting the Results

 Finally, you get the ANOVAs for each variable so that you can use 
them as post-hoc tests of difference. 


