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Introduction

• Multivariate analysis of variance (MANOVA) is simply an ANOVA with several
dependent variables.
• Univariate: one dependent variable, multivariate: several dependent variables.
• Example: Mehnert(1998) investigated the effect of planning time on L2 speech
performance.
• Independent variable: planning time (several levels).
• Dependent variables: four different measures of speech performance.
• A significant effect (Pillais=0.92, F =2.75, p < 0.005) was found for planning time
on the four dependent variables.
• MANOVA has greater power to detect an effect than a series of ANOVA’s, since
MANOVA can detect whether groups differ along a combination of variables.
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Assumptions

• Independence
Observations should be statistically independent.
• Random sampling
Data should be randomly sampled from the population of interest and measured at an
interval level.
• Multivariate normality
The dependent variables (collectively) have multivariate normality within groups.
• Homogeneity of covariance matrices
The variances in each groups for each of the dependent variables are roughly equal.
The correlation between any pair of dependent variables is the same in all groups. Test
whether the covariance matrices of the different groups in the analysis are equal.
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Multivariate normality. Picture taken from Wikipedia: Multivariate normal distribution.
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Multivariate normality

• Check wether the dependent variables (collectively) have multivariate normality within
groups.
• To test for multivariate normality the Mahalanobis distance is used. This test identifies
multivariate outliers which influence normality.
• In SPSS: add a new column with arbitrary numbers in the table. For example a column
Id containing index numbers.
• Go to Analyze, Regression, Linear.
• Move Id under ‘Dependent’, and your dependent variables (i.e. in de MANOVA analysis
they are dependent) under ’Independent(s)’.
• Click on Save, and choose Mahalanobis. Click on Continue and on OK.
• SPSS has added an extra column MAH 1 in the table.
• The Mahalanobis Distance score for each subject is considered an outlier if it exceeds
a “critical value”.
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Multivariate normality

• The degrees of freedom for this test is equal to the number of variables under
investigation. If there are n dependent variables, the degrees of freedom is n.
• The probability level you set for this test is p < .001.
• The critical chi-square values for 2 to 10 degrees of freedom at a critical alpha of .001:
df
2
3
4
5
6
7
8
9
10

Critical value
13.82
16.27
18.47
20.52
22.46
24.32
26.13
27.88
29.59
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Multivariate normality

• For other chi-square values go to http://www.vassarstats.net/ and choose
Distributions, Chi-Square Distributions and enter the degrees of freedom.
• The table at the right Critical values of chi-square for df=n gives you the chi-square
values for several alpha’s.
• Check which of the Mahalanobis Distance scores (in column added by SPSS) is higher
than the critical value. Those scores are the outliers!
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Homogeneity of covariance matrices

• Preliminary check: Levene’s test per dependent variable.
• Homogeneity of covariance matrices is tested with Box’s test, which tests the hypothesis
that the covariance matrices of the dependent variables are equal across levels of the
independent variable.
• If Box’s test is significant, you have violated an assumption of MANOVA.
• This is not much of a problem if you have equal cell sizes and large n. It is a much
bigger issue with small sample sizes and/or unequal cell sizes.
• But what exactly are covariance matrices?
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Covariance matrix

• Covariance: a measure of how much two random variables change together.
• If the larger values of one variable mainly correspond with the larger values of the other
variable, and the same holds for the smaller values, i.e., the variables tend to show
similar behavior, the covariance is positive.
• A correlation coefficient is a covariance scaled between -1 and +1.
• Assume three dependent variables V1, V2 and V3. We calculate covariance between
the variables:
V1
V2
V3

V1
78
21
33

V2
21
91
12

V3
33
12
85

• When a covariance is 0, there is no linear relationship between the variables.
• The diagonal variables are the variances of each variable. A covariance of a variable
with itself is simply the variance.
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MANOVA on SPSS

• Go to Analyze, General Linear Model, Multivariate.
• Move the dependent variables under ‘Dependent variables’, and the independent
variable(s) under ‘Fixed factor(s)’.
• Under Post Hoc move all factors into ‘Post Hoc Tests for’. Select ‘Bonferroni’.
• Under Options, move all factors and interactions into the ‘Display Means for window’.
Select ‘descriptive statistics’, ‘estimates of effect size’ and ‘homogeneity tests’. Set the
confidence level to .05 and click on Continue. Click on OK.
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Example

• Example from DFG project Lautliche und prosodische Variation im Saterland. The
project is under supervision of Prof. Dr. Jörg Peters and carried out by Heike
Schoormann and Wilbert Heeringa (Institut für Germanistik).
• F1, F2 and vowel duration are measured in three Saterfrisian words pronounced by one
native-speaker:
German
voll
faul
viel

Saterfrisian
ful
fuul
fúul

Number
7
5
11

• Do F1, F2 and vowel duration distinguish the vowels in the three words?
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F1 and F2 values of three vowel groups: u (red), uu (blue), úu (green). Formants were
measured at 50% and 80% time points in the vowel intervals. Arrows run from the 50%
values to the 80% values.
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Testing assumptions

• Independence
Observations are independent.
• Random sampling
Data is randomly sampled and measured at an interval level.
• Multivariate normality
The dependent variables (collectively) have multivariate normality within groups.
• We have three dependent variables, therefore df =3. For alpha=0.0001 we find critical
chi-square = 16.27.
• Our highest Mahalanobis distance score is 6.49, therefore, we do not have outliers.
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Testing assumptions

• Homogeneity of covariance matrices
Test whether the population covariance matrices of the different groups in the analysis
are equal.
• First we check the results of Levene’s test:

• We find p > 0.05 for the three dependent variables, the groups have the same
variances for each of the dependent variables.
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Testing assumptions

• Results of Box’s test:

• We find p > 0.05, the covariance matrices of the three groups are the same.
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Multivariate tests

We consider Pillai’s test statistic, which is robust when sample sizes are equal.
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ANOVA summary table for dependent variables
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Multiple comparisons
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Linear Discriminant Analysis

• Linear Discriminant Analysis (LDA) can be used after MANOVA to see how the
dependent variables discriminate the groups.
• In MANOVA we predict a set of outcome measures from a grouping variable, whereas
in LDA we predict a grouping variable from a set of outcome measures.
• Looks a little like logistic regression analysis, but we may find more than just two
groups. Logistic regression analysis, however, is more robust.
• LDA identifies variates that discriminate groups of cases. Variates: combinations of
dependent variables.
• Coefficients of linear discriminants tell us how dependent variables contribute to the
variates.
• The higher a coefficient for a dependent variable, the more important this variable is.
Coeffients are either positive or negative.
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Wilk’s Lambda

LDA identifies variates. If Wilk’s Lambda is less than .05 then the variate is significantly
discriminating the groups. ‘1 through 2’ gives the significance of both variates, and ‘2’
gives the significance after the first variate has been removed.
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Standardized Canonical Discriminant Function Coefficients

How do dependent variables contribute to the variates?
dependent variable is important for a variate.

High scores indicate that a
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Linear Discriminant plot for the Saterfrisian fúul/fuul/ful triple.
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What are centroids?

The centroid or geometric center of a two-dimensional region is, informally, the point
at which a cardboard cut-out of the region could be perfectly balanced on the tip of a
pencil. Formally, the centroid of a plane figure or two-dimensional shape is the arithmetic
mean (”average”) position of all the points in the shape. Picture taken from Wikipedia:
Centroid.
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Functions at Groups Centroids

Table showing the coordinates of the centroids. Which groups are discriminated by a
variate? Groups with values opposite in sign are being discriminated by that variate.
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Classification results

Classification table. ((6 + 4 + 10) / (7 + 5 + 11)) × 100 = 87.0% of the vowels has
been classified correctly.
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Classification results

How well does vowel duration predict the three groups?

26

Classification results

How well do F1 frequencies predict the three groups?
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Classification results

How well do F2 frequencies predict the three groups?
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