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Experimental Designs 
with Repeated Measurements 
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Repeated Measures Designs 
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A repeated measures design involves multiple 
observations from the same experimental unit 

under different conditions.  
 

A factor with multiple levels  
measured for each unit is called a  

“Repeated factor” or “Within-Subject factor” 
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Analytic Approaches for  
Repeated Measures Data 
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Multivariate Analysis of Variance 

Linear Mixed Models (REML/ML) 

General Linear Model ANOVA (EMS) 

One Repeated Factor Linear Model 
(Population Model) 

One Repeated Factor Linear Model 
(Population Model) 

Yij = µ⋅⋅ + ρi +τ j + ε ij
Score on Y 

of the ith individual in 
the jth treatment 
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One Repeated Factor Linear Model 
(Population Model) 

Yij = µ⋅⋅ + ρi +τ j + ε ij
Grand 
Mean 

Score on Y 
of the ith individual in 

the jth treatment 
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(Population Model) 
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One Repeated Factor Linear Model 
(Population Model) 

Yij = µ⋅⋅ + ρi +τ j + (ρτ )ij
Treatment 
offset for 

level j 
Error Grand 

Mean 

Overall 
offset for 

Individual i 

Score on Y 
of the ith individual in 
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One Repeated Factor Linear Model 
(Population Model) 

Yij = µ⋅⋅ + ρi +τ j + ε ij
Treatment 
offset for 

level j 
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Mean 
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One Repeated Factor Linear Model 
(Sample Model) 

Yij = Y⋅⋅ + ri + t j + eij
Treatment 
offset for 
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Error Grand 
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Fixed vs. Random Factors 

16 

Fixed Factor: Levels of the factor are fixed: the 
levels observed in the study represent the 

actual levels of experimental interest 

Random Factor: Levels of the factor are 
random: the levels observed in the study 

represent a sample from all the possible levels 
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Fixed vs. Random Factors 
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Fixed Factor: Levels of the factor are fixed: the 
levels observed in the study represent the 

actual levels of experimental interest 

Random Factor: Levels of the factor are 
random: the levels observed in the study 

represent a sample from all the possible levels 
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Data Arrangements 
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Split: Observations from the same unit are 
represented across columns 

Stacked: Observations from the same unit are 
represented across rows 
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Ratings of Wine 
By Wine (4-levels) and Judge (15-levels) 

WineRatings(4-levels within) split.jmp 

37 

Ratings of Wine 
By Wine (4-levels) and Judge (15-levels) 

WineRatings(4-levels within) stacked.jmp 
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Restructuring Data:  
Stacking Repeated Observations 

Ratings of Wine 
By Wine (4-levels) and Judge (15-levels) 

WineRatings(4-levels within) stacked.jmp 
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Ratings of Wine 
By Wine (4-levels) and Judge (15-levels), with replication 

WineRating(4-levels within, 2 reps) stacked.jmp 
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