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The general purpose of the repeated-measures ANOVA is to determine whether the differences 

that are found between treatment conditions are significantly greater than 

would be expected if there is no treatment effect. In the numerator of the F-ratio, the 

between-treatments variance measures the actual mean differences between the treatment 

conditions. The variance in the denominator is intended to measure how much 

difference is reasonable to expect if there are no systematic treatment effects and no 

systematic individual differences. In other words, the denominator measures variability 

caused entirely by random and unsystematic factors. For this reason, the variance in the 

denominator is called the error variance. In this section we examine the elements that 

make up the two variances in the repeated-measures F-ratio. 

The numerator of the F-ratio: between-treatments variance Logically, any differences 

that are found between treatments can be explained by only two factors: 

1. Systematic Differences Caused by the Treatments. It is possible that the 

different treatment conditions really do have different effects and, therefore, 

cause the individuals’ scores in one condition to be higher (or lower) than in 

another. Remember that the purpose for the research study is to determine 

whether a treatment effect exists. 

2. Random, Unsystematic Differences. Even if there is no treatment effect, it is 

possible for the scores in one treatment condition to be different from the scores 

in another. For example, suppose that I measure your IQ score on a Monday 

morning. A week later I come back and measure your IQ again under exactly 

the same conditions. Will you get exactly the same IQ score both times? In fact, 

minor differences between the two measurement situations would probably 

cause you to end up with two different scores. For example, for one of the IQ 

tests you might be more tired, or hungry, or worried, or distracted than you 

were on the other test. These differences can cause your scores to vary. The 

same thing can happen in a repeated-measures research study. The same individuals 

are measured at two or more different times and, even though there 

may be no difference between the two treatment conditions, you can still end 

up with different scores. However, these differences are random and unsystematic 

and are classified as error variance. 

Thus, it is possible that any differences (or variance) found between treatments 

could be caused by treatment effects, and it is possible that the differences could simply 

be the result of chance. On the other hand, it is impossible that the differences 

between treatments are caused by individual differences. Because the repeatedmeasures 

design uses exactly the same individuals in every treatment condition, individual 

differences are automatically eliminated from the variance between treatments 

in the numerator of the F-ratio. 

The denominator of the F-ratio: error variance The goal of the ANOVA is to 

determine whether the differences that are observed in the data are greater than would 

be expected without any systematic treatment effects. To accomplish this goal, the 

denominator of the F-ratio is intended to measure how much difference (or variance) is 

reasonable to expect from random and unsystematic factors. This means that we must 

measure the variance that exists when there are no treatment effects or any other systematic 

differences. 

We begin exactly as we did with the independent-measures F-ratio; specifically, 
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we calculate the variance that exists within treatments. Recall from Chapter 12 that 

within each treatment all of the individuals are treated in exactly the same way. 

Therefore, any differences that exist within treatments cannot be caused by treatment 

effects. 

In a repeated-measures design, however, it is also possible that individual differences 

can cause systematic differences between the scores within treatments. For 

example, one individual may score consistently higher than another. To eliminate the 

In summary, the F-ratio for a repeated-measures ANOVA has the same basic structure 

as the F-ratio for independent measures (Chapter 12) except that it includes no 

variability caused by individual differences. The individual differences are automatically 

eliminated from the variance between treatments (numerator) because the 

repeated-measures design uses the same individuals in all treatments. In the denominator, 

the individual differences are subtracted during the analysis. As a result, the 

repeated-measures F-ratio has the following structure: 

 

Note that this F-ratio is structured so that there are no individual differences contributing 

to either the numerator or the denominator. When there is no treatment effect, 

the F-ratio is balanced because the numerator and denominator are both measuring 

exactly the same variance. In this case, the F-ratio should have a value near 1.00. When 

research results produce an F-ratio near 1.00, we conclude that there is no evidence of 

a treatment effect and we fail to reject the null hypothesis. On the other hand, when a 

treatment effect does exist, it contributes only to the numerator and should produce a 

large value for the F-ratio. Thus, a large value for F indicates that there is a real treatment 

effect and, therefore, we should reject the null hypothesis. 

EXERCISES 

1. Explain why individual differences do not contribute to the between-treatments 

variability in a repeated-measures study. 

2. What sources of variability contribute to the within-treatment variability for a 

repeated-measures study? 

3. Describe the structure of the F-ratio for the repeated-measures ANOVA. 

 

ANSWERS 

1. Because the individuals in one treatment are exactly the same as the individuals in every 

other treatment, there are no individual differences from one treatment to another. 

2. Variability (differences) within treatments is caused by individual differences and random, 

unsystematic differences. 

3. The numerator of the F-ratio measures between-treatments variability, which consists of 

treatment effects and random, unsystematic differences. The denominator measures variability 

that is exclusively caused by random, unsystematic differences. 

 



REPEATED MEASURE ANOVA 
 

 

DEFINITION:In a repeated-measures ANOVA, the denominator of the F-ratio is called the 

residual variance, or the error variance, and measures how much variance is 

expected if there are no systematic treatment effects and no individual differences contributing to 

the variability of the scores.  
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