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What is a repeated measures
ANOVA?
 As with any ANOVA, repeated measures ANOVA tests the

equality of means.
 However, repeated measures ANOVA is used when all members

of a random sample are measured under a number of different
conditions. As the sample is exposed to each condition in turn,
the measurement of the dependent variable is repeated.

 Using a standard ANOVA in this case is not appropriate because
it fails to model the correlation between the repeated measures:
the data violate the ANOVA assumption of independence. Keep
in mind that some ANOVA designs combine repeated measures
factors and nonrepeated factors. If any repeated factor is
present, then repeated measures ANOVA should be used.
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What is a repeated measures
ANOVA?

 This approach is used for several reasons:
 First, some research hypotheses require repeated

measures. Longitudinal research, for example, measures
each sample member at each of several ages. In this case,
age would be a repeated factor.

 Second, in cases where there is a great deal of variation
between sample members, error variance estimates from
standard ANOVAs are large. Repeated measures of each
sample member provides a way of accounting for this
variance, thus reducing error variance.

 Third, when sample members are difficult to recruit,
repeated measures designs are economical because each
member is measured under all conditions.
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What is a repeated measures
ANOVA?
 Repeated measures ANOVA can also be used when sample members

have been matched according to some important characteristic. Here,
matched sets of sample members are generated, with each set having
the same number of members and each member of a set being
exposed to a different random level of a factor or set of factors.

  When sample members are matched, measurements across conditions
are treated like repeated measures in a repeated measures ANOVA.

 For example, suppose that you select a group of individuals with
depression, measure their levels of depression, and then match
participants into pairs having similar depression levels. One subject
from each matching pair is then given a treatment for depression, and
afterwards the level of depression of the entire sample is measured
again. ANOVA comparisons between the two groups for this final
measure would be most efficient using a repeated measures ANOVA. In
this case, each matched pair would be treated as a single sample
member.
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What is a repeated measures
ANOVA?
 One should be clear about the difference between a repeated measures

design and a simple multivariate design. For both, sample members are
measured on several occasions, or  trials, but in the repeated measures
design, each trial represents the measurement of the same
characteristic under a different condition.

 For example, one can use a repeated measures ANOVA to compare
the number of oranges produced by an orange grove at years one, two,
and three. The measurement is the number of oranges, and the
condition that changes is the year. In contrast, for the multivariate
design, each trial represents the measurement of a different
characteristic. You should not, for example, use a repeated measures
ANOVA to compare the number, weight, and price of oranges produced
by a grove of orange trees. The three measurements are number,
weight, and price, and these do not represent different conditions, but
different qualities. It is generally inappropriate to test for mean
differences between such disparate measurements.
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Understanding your output
 The first set of tests reported by SPSS is for the within-subjects

effects. When there are more than two levels of a within-subjects
factor, SPSS prints out two different sets of within-subjects
hypothesis tests: one using the multivariate approach, the other
using the univariate approach. Generally, both sets of tests yield
similar results.

Multivariate Tests(b)  
 

Effe

ct    Value  F 

Hypothesis 

df Error df  Sig.  

Partial 

Eta 

Squared  

Pillai's Trace  .382  5.567(a)  3.000  27.000  .004  .382  

Wilks' Lambda  .618  5.567(a)  3.000  27.000  .004  .382  
Hotelling's 

Trace  
.619  5.567(a)  3.000  27.000  .004  .382  

time  

Roy's Largest 

Root  
.619  5.567(a)  3.000  27.000  .004  .382  

a  Exact statistic  

b  Design: Intercept  
 Within Subjects Design: time  

 

 

 Tests of Within -Subjects Effects  

 

Measure: MEASURE_1  

Source    

Type III 

Sum of 

Squares  df  

Mean 

Square  F Sig.  

Partial 

Eta 

Squared  

Sphericity 

Assumed  
310.733  3 103.578  7.664  .000  .209  

Greenhouse -
Geisser  

310.733  2.094  148.410  7. 664 .001  .209  

Huynh -Feldt  310.733  2.260  137.483  7.664  .001  .209  

time  

Lower -bound  310.733  1.000  310.733  7.664  .010  .209  

Sphericity 

Assumed  
1175.767  87  13.515        

Greenhouse -
Geisser  

1175.767  60.719  19.364        

Huynh -Feldt  1175.767  65.5 45  17.938        

Error(tim

e) 

Lower -bound  1175.767  29.000  40.544        
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Understanding your output

 Repeated measures ANOVA carries the standard
set of assumptions associated with an ordinary
analysis of variance, extended to the matrix case:
multivariate normality, homogeneity of covariance
matrices, and independence. Repeated measures
ANOVA is robust to violations of the first two
assumptions. Violations of independence produce a
nonnormal distribution of the residuals, which results
in invalid F ratios. The most common violations of
independence occur when either random selection
or random assignment is not used.
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Understanding your output

 In addition to these assumptions, the univariate
approach to tests of the within-subject effects
requires the assumption of sphericity.

 Mauchly's sphericity test examines the form of the
common covariance matrix. A spherical matrix has
equal variances and covariances equal to zero. The
common covariance matrix of the transformed
within-subject variables must be spherical, or the F
tests and associated p values for the univariate
approach to testing within-subjects hypotheses are
invalid.



Balkin, R. S. (2008). Information in this
presentation is from the following website:

http://www.ats.ucla.edu/stat/sas/library/repeated
_ut.htm

9

Understanding your output
 When the episilon value is greater than .70 (ε > .70), the

sphericity assumption is met. When sample sizes are small,
the univariate approach can be more powerful, but this is true
only when the assumption of a common spherical covariance
matrix has been met.

Mauchly's Test of Sphericity(b)  

 

Measure: MEASURE_1  

Epsilon(a)  

Within Subj ects Effect  Mauchly's W  

Approx. Chi -

Square  df Sig. 
Greenhouse -

Geisser  Huynh -Feldt  Lower-bound  

Time .483  20.169  5 .001 .698  .753  .333 

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed depen dent variables is proportional to an 
identity matrix.  

a  May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of 

Within-Subjects Effects table.  

b  Design: Intercept  

 Within Subject s Design: time  
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Understanding your output
 When at least one within-subjects factor has three or more

trials, SPSS will run Mauchly's test of sphericity. If your within-
subject factors fail to meet the assumption of sphericity (ε <
.70), then you should either use the multivariate approach or
you should adjust the univariate results by using the
Greenhouse-Geisser method.

Tests of Within -Subjects Effects  

 

Measure: MEASURE_1  

Source    

Type III Sum 

of Squares  df Mean Squ are F Sig. 

Partial Eta 

Squared  

Sphericity Assumed  310.733  3 103.578  7.664  .000 .209 

Greenhouse -Geisser  310.733  2.094 148.410  7.664  .001 .209 

Huynh -Feldt  310.733  2.260 137.483  7.664  .001 .209 

time  

Lower -bound 310.733  1.000 310.733  7.664  .010 .209 

Sphericity Assumed  1175.767  87 13.515        

Greenhouse -Geisser  1175.767  60.719  19.364        

Huynh -Feldt  1175.767  65.545  17.938        

Error(time)  

Lower -bound 1175.767  29.000  40.544        
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Post hoc analyses

 Post hoc analyses are conducted using
dependent t-tests.

 Because we are using repeated tests, a
Bonferroni correction is utilized to protect
against making a type I error.

 Divide your alpha level by the number of
pairwise comparisons to set your level of
significance for the post hoc.
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Bonferroni adjustment

In a Bonferroni adjustment, the t test is evaluated at 

c

!

, 

where c is the number of pairwise comparisons. In an 

example with 4 groups and therefore 6 pairwise 

comparisons:  

008.
6

05.
==

c

!

. Therefore, when evaluating 

output from a statistical package, the p-value should be 

less than .008 ( p < .008) for statistical significance.  
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Post hoc results

Paired Samples Test  

 

Paired Differences  

99.2% Confidence 

Interval of the Difference  

  Mean Std. Deviation  

Std. Error 

Mean Lower  Upper  t df Sig. (2 -tailed)  

Pair 1  time1 - time2  .367  4.916  .898  -2.190  2.923 .408  29 .686 

Pair 2  time1  - time3  2.700  5.100  .931  .048 5.352 2.900  29 .007 

Pair 3  time1 - time4  3.867  7.055  1.288  .198 7.535 3.002  29 .005 

Pair 4  time2 - time3  2.333  3.397  .620  .567 4.100 3.762  29 .001 

Pair 5  time2 - time4  3.500  5.637  1.029  .569 6.431 3.401  29 .002 

Pair 6  time3 - time4  1.167  4.348  .794  -1.094  3.428 1.470  29 .152 

 


