Running a repeated measures ANOVA In
XLSTAT

demo2ANOrep.xls

Dataset for running a repeated measures ANOVA

An Excel sheet with both the data and the results can be downloaded by clicking here.

The data correspond to an experiment in which a treatment for depression is studied. Two groups
of patients (1: control / 2: treatment) have been followed at five different times (0: pre-test, 1:
one month post-test, 3: 3 months follow-up and 6: 6 months follow-up). The dependant variable
is a depression score.

We have performed repeated measures ANOVA in order to determine the effect of the treatment

and the effect of time on the depression score. The repeated measures ANOVA model is the
same as the classical ANOVA model with interactions:
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We have one fixed factor (group). The difference between classical ANOVA and repeated
measures ANOVA is that measures on the same patient at different times are not supposed to be
independent and, thus, the covariance matrix of the errors is not diagonal.

Goal of this tutorial

In this tutorial, we will use the least squares estimation method (LS) to estimate the model. The
variance-covariance matrix is supposed to be spherical.

This method is very simple: First, a classical ANOVA is performed on each time measured.
Results are the same as in a classical analysis of variance. Then, results based on the covariance
matrix and on the repetition factor are given.

You can use other form of covariance matrix with XLSTAT using mixed models. Please refer to
the following tutorial for an example.

Data structure

Data can be presented using two formats. The classical one is one column per repetition. That
means that for each repeated measure of the dependent variable there will be one column.


http://statisticalinnovations.com/products/DemoData/XLSTAT/demo2ANOrep.xls
http://statisticalinnovations.com/products/DemoData/XLSTAT/demo2ANOrep.xls
http://statisticalinnovations.com/products/xlstattutorials/51_Repeated_measures_ANOVA_using_the_mixed_models_in_XLSTAT.pdf

Setting up a repeated measures ANOVA

After opening XLSTAT, select the XLSTAT / Modeling data / Repeated measures ANOVA
command, or click on the corresponding button of the Modeling data toolbar (see below).
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Once you've clicked on the button, the repeated measures ANOVA dialog box appears. Select
the data on the Excel sheet.

The Dependent variable (or variable to model) is here the "dv0-dv1-dv3-dv6".
Our aim is to determine the effect of the group on the variability of the depression score.

As we selected the column title for the variables, we left the option Variable labels activated.
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In the options tab, we select LS as estimation method (for least squares).

We leave the constraint option at a1=0, meaning that we want the model to be built on the
assumption that the control group has the standard effect on the score.

Although you have to apply a constraint to the model in ANOVA for theoretical reasons, it will
not affect the results (goodness of fit). The only difference it makes is in the actual writing of the
model.
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The selected outputs are:
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Once you have clicked on the OK button, a dialog box is displayed so that you can choose which
factors have to be taken into account in the model. The fixed effect is group, the repeated factor
is repetition and the subject factor is subject (these factors are generated automatically).



Factors and interactions
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Note: A factor cannot be the subject or repeated factor and a fixed effect at the same time.

Once you have clicked on the OK button, the computation starts. The results will then be
displayed.

Interpreting the results of a repeated measures ANOVA

The first results displayed by XLSTAT are the basic statistics associated to the dependent
variable.

Summary statistics:

Yariable | Observations with missing vithout missing Minimum Maximurm Mean otd. deviation
dvl | 24! a 24 135,000 447 000 292 375 73,868
dv1 24 a 24 31,000 402 000 175 583 116,213
dy3 24 a 24 16,000 234,000 168 042 28,770
dvis 24 a 24 5,000 253,000 151 917 78,020

For each measure, an ANOVA is performed. Results associated to time 0, 1, 3 and 6 are
displayed. For more details, you can see the following tutorial on one-way ANOVA.

The analysis of variance table pre-test (dvO0) is:

Analysis of variance:

Source OF wum of sguareMean squares F Pr=F
flodel 1 3432 042 3432 042 ag19 Q440
Errar 22 122065 583 A045 436
Corrected Tot 23 125497 525

Computed against madel ¥Y=Wean(Y]

The analysis of variance table one month post-test (dv1) is:


http://statisticalinnovations.com/products/xlstattutorials/46_Running_a_one-way_ANOVA.pdf

Analysis of variance:

Source DF s of square Mean sguares F Pr=F
tadel 1 167788,167 | 157758 167 22713 < 0,001
Errar 22| 152835 BE7 G347 076
Corrected Tot 23 310623 333

Computed againat modal Y=Mean(Y)
The analysis of variance table 3 months follow-up (dv3) is:

Analysis of variance:

Source DF s of square Mean sguares F Pr=F
tadel 10 79926042 7H926 042 17 248 0,000
Errar 22 101354 217 4607 042
Corrected Tot 23 181280 958

Computed againat modal Y=Mean(Y)
The analysis of variance table 6 months follow-up (dvO) is:

Analysis of variance:

Source DF s of square Mean sguares F Pr=F
tlodel 10 49141500 45141 500 11,895 0,002
Errar 22| 90862 333 4130,106
Corrected Tot 23 140003 333

Computed againat moda! Y=Mean(Y)

We can see that the group has an effect significantly greater than 0 on the depression score after
1 month of treatment.

Once the four analyses have been performed, some additional outputs related to the repeated
design are displayed.

The first table is very important and helps to validate the sphericity of the covariance matrix of
the errors. This test is called Mauchly’s test.

Mauchly’s Sphericity Test:

OF Mauchly's Statistic) Chi-square | Pr = Ch®  Greenhouse-Geisser Epsilor Huynt-Feldt Epsilon

5,000 a,167 43,097 < 0,0001 a,730 d,551

We can see that the p-value is smaller than 0.05, we can say that the covariance matrix is
spherical. In addition to Mauchly’s test, Greenhouse-Geisser epsilon and Huynt-Feldt epsilon are
displayed. The more they are close to one, the more the covariance matrix has a spherical
representation. In our example, the sphericity hypothesis is validated.



Test for hetween subject effects:

SOUrce DOF  Sum of sguares| Mean squares F Pr=F
group 1 230496 000 230456 000 17 556 0,000
Errar 22 253514 953 12687 044
Test for within subject effects:

Source DF  Sum of squares| Mean sgquares F Pr=F Adj. Pr=F 5-G | Adj. Pr=F H-F
Repetition 3 313317 708 104539 236 37 B15 < 00,0001 < 0,0001 = 0,0001
group*Repetition 3 83791 750 195930 553 7164 0,000 0,001 0,007
Errar BE 153603 542 2781 572

The two following tables can now be analyzed. First, the tests on the inter-subject effects which

show the effect of the group variable on the whole dataset without taking into account the

repetitions (or measures). We see that the group has a significant impact on the depression score.
Then, the tests on the intra-subject effects show the impact of time (of the different measures) on
the dependent variable. It can be useful to look at the interaction terms between repetition and

the explanatory factors. We see that the repetition factor has a significant impact on the
depression score; the interaction has also a significant impact.

This study has shown that both time and treatment have a significant impact on the depression

score.

Some other output can be useful and are available in XLSTAT like residuals, residuals charts,

least square means charts, multiple means comparisons...



