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A repeated measure is a term used when the same entities take part in all 
conditions of an experiment. Sphericity is the condition where the variances of the 
differences between all possible pairs of within-subject conditions (i.e., levels of 
the independent variable) are equal. Sphericity is met when these variances are 
roughly equal. The effect of violating sphericity is a loss of power (i.e. an 
increased probability of a Type II error) and a test statistic (F- ratio) that simply 
cannot be compared to tabulated values of the F-distribution (Field, 2009; 2013). 
Hypothetical data to illustrate the calculation of the variance of the differences 
between conditions are described. The description of data entering followed by the 
different steps for the analysis has also been described in the research work with a 
hypothetically illustration. The analysis processed has been completed were 
followed by the description of the output. 
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Repeated measures design is a research design that involves multiple measures of 
the same variable taken on the same or matched subjects either under different 
conditions or over two or more time periods. For instance, repeated measurements 
are collected in a longitudinal study in which change over time is assessed. A 
repeated measure is a term used when the same entities take part in all conditions 
of an experiment. So, for example, a researcher might want to test the effects of 
different durations of playing the recreational activities on the enjoyment level of 
the students. In this type of experiment it is important to control for individual 
differences in tolerance to the participation in the physical activities with different 
durations: some students can play for a longer duration without really feeling the 
fatigue, whereas others starts to feel bored and fatigue after a particular duration. 
To control for these individual differences researcher actually test the whole 
populations in all conditions of the experiment, so researcher would test each 
subject after their involvement in recreational activities with different durations 
(i.e. 30 minutes of hours of recreational activities, 45 minutes of recreational 
activities and 60 minutes of recreational activities). After each duration the 
participant might be given a questionnaire assessing their enjoyment of the 
recreational activities. Therefore, every participant provides a score representing 
their enjoyment before the study (no recreational activities), after 30 minutes of 
recreational activities, after 45 minutes of recreational activities, and so on. This 
design is said to use repeated measures. 

Further, In statistical analysis, all parametric tests assume some certain 
characteristic about the data, also known as assumptions. Violation of 
these assumptions changes the conclusion of the research and interpretation of the 
results. Sphericity is an important assumption of repeated-measures ANOVA. It is 
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the condition where the variances of the differences between all possible pairs of 
within-subject conditions (i.e., levels of the independent variable) are equal. 

What is Sphericity? 

Generally it is seen that parametric tests based on the normal distribution assume 
that data points are independent. This is not the case in a repeated measures design 
because data for different conditions have come from the same entities. This 
means that data from different experimental conditions will be related; because of 
this researcher have to make an additional assumption to those of the independent 
ANOVAs. Put simply (and not entirely accurately), researcher assume that the 
relationship between pairs of experimental conditions is similar (i.e. the level of 
dependence between pairs of groups is roughly equal). This assumption is known 
as the assumption of sphericity.  

The more accurate but complex explanation is as follows. Table 1 shows data from 
an experiment with three conditions as the example cited above as the involvement 
of students in the recreational activities with different durations (i.e. 30 minutes of 
hours of recreational activities, 45 minutes of recreational activities and 60 minutes 
of recreational activities).. Imagine the researcher calculated the differences 
between pairs of scores in all combinations of the treatment levels. Having done 
this, the researcher calculated the variance of these differences. Sphericity is met 
when these variances are roughly equal. In these data there is some deviation from 
sphericity because the variance of the differences between conditions A and B is 
greater than the variance of the differences between A and C  and between B and 
C. However, these data have local circularity (or local sphericity) because two of 
the variances of differences are very similar. 

Table 1: Hypothetical data to illustrate the calculation of the variance of the 
differences between conditions 

Condition A Condition B Condition C A−B A−C B−C 

10 12 8 −2 2 4 

15 15 12 0 3 3 

25 30 20 −5 5 10 

35 30 28 5 7 2 

30 27 20 3 10 7 

  Variance: 15.7 10.3 10.7 

 

Pattern of the data and experimental protocol 
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� If Mauchly’s test statistic is significant (i.e. has a probability value 
less than .05) we conclude that there are significant differences 
between the variance of differences: the condition of sphericity has 
not been met. 

� If, Mauchly’s test statistic is nonsignificant (i.e. p > .05) then it is 
reasonable to conclude that the variances of differences are not 
significantly different(i.e.theyareroughlyequal). 

� If Mauchly’s test is significant then we cannot trust the F-ratios 
produced by SPSS. 

� Remember that, as with any significance test, the power of 
Mauchley’s test depends on the sample size. Therefore, it must be 
interpreted within the context of the sample size because: 

� In small samples large deviations from sphericity might be deemed 
non- significant. 

 

Furthermore, some of the literature quoted that what is the effect of violating the 
Assumption of Sphericity? 

The effect of violating sphericity is a loss of power (i.e. an increased probability of 
a Type II error) and a test statistic (F- ratio) that simply cannot be compared to 
tabulated values of the F-distribution (Field, 2009; 2013). 

Assessing the Severity of Departures from Sphericity. Departures from sphericity 
can be measured in three ways: Greenhouse and Geisser (1959) and Huynh and 
Feldt (1976). 

 The Lower Bound estimate (the lowest possible theoretical value for the 
data) The Greenhouse-Geisser and Huynh-Feldt estimates can both range from the 
lower bound (the most severe departure from sphericity possible given the data) 
and 1 (no departure from sphjercitiy at all). Field (2013) or Girden (1992).While in 
the real world setting or calculating the collected data from an experiment, SPSS 
also produces a test known as Mauchly’s test, which tests the hypothesis that the 
variances of the differences between conditions are equal. 

One-Way Repeated Measures ANOVA using SPSS 
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Entering the Data 

From the above said example which a researcher might want to test the effects of 
different durations of playing the recreational activities on the enjoyment level of 
the students. So, researcher would test each subject after their involvement in 
recreational activities with different durations (i.e. 30 minutes of hours of 
recreational activities, 45 minutes of recreational activities and 60 minutes of 
recreational activities).

The independent variable is the different durations of recreational activities and the 
dependent variable is the enjoyment level of the student.

To conduct an ANOVA using a repeated measures design, activate the define 
factors dialog box by selecting

.  

 
In the Define Factors dialog box (Figure 2), a name should be entered for the within
subject (repeated-measures) variable.  If the design has several repeated measures 
variables then researcher can add more factors to the list. 

Figure 2: Define Factors 
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dialog box for repeated measures ANOVA 
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Figure 3: Main dialog box for repeated measures ANOVA

The main dialog box (Figure 3) has a space labelled within subjects variable list that 
contains a list of 4 question marks proceeded by a number. These question 
for the variables representing the 4 levels of the independent variable. The variables 
corresponding to these levels should be selected and placed in the appropriate space. It 
has only 4 variables in the data editor, so it is possible to select a
once (by clicking on the variable at the top, holding the mouse button down and 
dragging down over the other variables). The selected variables can then be transferred 

by dragging them or clicking on 
When all four variables have bee
the analysis. There are several options that can be accessed with the buttons at the 
bottom of the main dialog box. These options are similar to the ones, have already 
encountered. 
Post Hoc Tests 
There is no proper facility for producing post hoc tests for repeated measures variables 

in SPSS.  However, It can produce a basic set of post hoc tests clicking 
the main dialog box. To specify post hoc tests, select the repeated measures 
variablefrom the box labelled Estimated Marginal Means: Factor(s) and Factor 

Interactions and transfer it to the box labelled Display Means for by clicking on 
(Figure 4).  
Once a variable has been transferred, the box labelled Compare main effects ( 

option is selected, the box labelled Confidence interval adjustment becomes active and  

click on 
default is to have no adjustment and simply perform a Tukey LSD pos
not recommended). The second option is a Bonferronicorrection  and the final option 
is a Sidak correction, which should be selected if you are concerned about the loss of 
power associated with Bonferroni corrected values. When It has to

options of interest, click on  

click on  to run the analysis.
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power associated with Bonferroni corrected values. When It has to
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Figure 4: Options dialog box 

OUTPUT FOR REPEATED MEASURES ANOVA 

Output 1 Descriptive statistics and other Diagnostics 

 

Output 1 shows two tables. The first lists the variables that represent each level of 
the independent variable, which is useful to check that the variables were entered 
in the correct order. It provides basic descriptive statistics for the four levels of the 
independent variable.  

Output 2Mauchly’s test 

 

Output 2 shows Mauchly’s test for these data, and the important column is the one 
containing the significance value. The significance value is .047, which is less than 
.05, so it must accept the hypothesis that the variances of the differences between 
levels were significantly different. In other words the assumption of sphericity has 
been violated. We could report Mauchly’s test for these data as the Mauchly’s test 
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indicated that the assumption of sphericity had been violated, χ2(5) = 11.41, p = 
.047. 
Output 3 The Main ANOVA 

Tests of Within-Subjects Effects 
Measure: MEASURE_1 

 
Source 

Type III 
Sum of 
Squares 

 
df 

 
Mean 

Square 

 
F 

 
Sig. 

Enjoyment Sphericity Assumed 83.125 3 27.708 3.794 .026 

 Greenhouse-Geisser 83.125 1.599 52.001 3.794 .063 

 Huynh-Feldt 83.125 1.997 41.619 3.794 .048 

 Lower-bound 83.125 1.000 83.125 3.794 .092 

Error(Enjoyment) Sphericity 
Assumed 

153.375 21 7.304   

Greenhouse-Geisser 153.375 11.190 13.707 

Huynh-Feldt 153.375 13.981 10.970 

Lower-bound 153.375 7.000 21.911 

Output 3 shows the results of the ANOVA for the within-subjects variable. The 
above table look slightly different, but it has represented in a simplified a bit. The 
above table can be read much the same as for One-way independent ANOVA. The 
significance of F is .026, which is significant because it is less than the criterion 
value of .05. We can, therefore, conclude that there was a significant difference in 
the enjoyment level in different time durations. 
Output 4 Post Hoc Tests 
Given the main effect was not significant, It should not follow this effect up with 
post hoc tests. 

 

However, just to illustrate how it would interpret the SPSS, the difference between 
group means is displayed, the standard error, the significance value and a 
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confidence interval for the difference between means. By looking at the 
significance values it is cleared that the only significant differences between the 
groups. 
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