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Addition to Repeated Measures ANOVA
For example, this means that correlation between values at Time-1 and Time-4 is the same as between Time-3 and Time-4. Equality of covariances together with equality of variances within a matrix is known as compound symmetry. A slightly relaxed condition is that the differences between all pairs of times have same variances. This is called sphericity and is the actual required condition. This is tested by Mauchly’s test. The procedure for this also is too complex for the level of this book. Again, the name is provided to help you understand the computer output. Realize though that compound symmetry assures sphericity but sphericity can occur in some other situations also.

Mauchly’s test for sphericity works well for Gaussian data and reasonably well for minor departures from Gaussianity but not when departures are gross and dataset is small. When sphericity is violated, too many hypotheses are falsely rejected. When in doubt, safe bet is to use Huynh-Feldt correction to dfs directly without worrying about Mauchly’s test results. This correction is shortly explained. Besides sphericity, which is for variances-covariances among values at different points of time within each group, you need to worry about homogeneity also of covariance matrices across groups when groups are two or more. For this, Box M test is used.
Many statistical packages provide results with Huynh-Feldt correction and also the corresponding P-value. This is also known as Huynh correction. F remains same but the correction factor reduces the dfs by a factor called epsilon. You may find other types of epsilon also in your software output but Huynh-Feldt epsilon is widely accepted. In a rare case, this correction factor can exceed 1. In that case, 1 is used and no correction to df is done. This correction also works well for balanced design. For balanced design, the advice just provided is to use MANOVA. If you find MANOVA output difficult to decipher, do univariate repeated measures ANOVA and use Hyunh-Feldt correction if Mauchly’s test is significant. 
Without any harm, if you are comfortable, you may not worry about sphericity and use corrected df in all situations.


Preceding discussion is for one group of subjects only. You may have two or more groups such as different dose groups or subjects with hepatitis, cirrhosis and liver malignancy. Each subject in each group can be measured at several time points to study the trend of quantitative outcome such as various enzyme levels. The objective in this case is to find if the average time-trend in one group is the same as in other groups. This is the same as assessing absence of interaction group*time. If this interaction is significant, conclude that the average time-trend in at least one group is different from the trend in other groups. If the number of subjects in each group is same n, this interaction will have (K – 1)(T – 1) df and will be checked against residual with K(n – 1)(T – 1) df, where K is the number of groups and T is the number of time points of repeated measures.



Complexities seem to never end with repeated measures. What happens if the design is unbalanced (unequal ns in different groups) and covariance matrices across groups are also unequal? For this situation, Welch test is recommended similar to the one you saw for two-sample situation. But the n in smallest group must be at least 3*(T – 1) for testing main effects and at least 5*(T – 1) for testing interaction. Quite often in repeated measures, the interest is in group differences in time-trend and n must be sufficiently large for testing this interaction.

Repeated measures have potential to provide unnecessary satisfaction because of apparently large volume of data. If blood pressure of 10 subjects is measured hourly 12 times a day for diurnal variation for a week, you will have a total of 840 data points for systolic and 840 for diastolic level. This can mislead you to believe that you have a large sample of values. Actually there are only n = 10 subjects.
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One-way Repeated Measures vs. Two-way ANOVA

In repeated measures, successive measurements are fixed but in two-way design allocation within blocks are randomized. Thus serial correlation is present in repeated measures but not in two-way design.

Yet, according to Encyclopedia (2005, p187), two-way ANOVA is adequate for one-way repeated measures design (one group of n subjects, repeated T times) subject to the condition that xt – xt’ have same population variance for every pair of occasions, earlier called sphericity. This is achieved when all xts have same variance and covariances between all pairs of xt and xt’ are equal as well as in some other situations.

