
Repeated measures ANOVA  
vs.  

Mixed-effect models 

The interpretation of focus in 
contrastive stress sentences 



How do we focus? 
 By intonation (stress) 

 

 By certain words: focus particles 
 even 
 only 

 

 Two theoretical accounts: 
1. Reference Set Computation (Reinhart, 2004) 

2. (bidirectional) Optimality Theory (Hendriks, 2010) 
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Narrow focus vs. wide focus 
 De prinses heeft alleen een T-shirt aan de COWBOY gegeven  

 (The princess has only given a T-shirt to the COWBOY.) 

 
 Narrow focus reading 

1. The princess gave a T-shirt to the cowboy 
2. The only person who got a T-shirt is the cowboy 
 

 Wide focus reading 
1. The princess gave a T-shirt to the cowboy 
2. The only thing the princess did was giving a t-shirt to the cowboy 

 



Narrow focus vs. wide focus 
 De prinses heeft alleen een T-SHIRT aan de cowboy gegeven  

 (The princess has only given a T-SHIRT to the cowboy.) 

 
 Narrow focus reading 

1. The princess gave a T-shirt to the cowboy 
2. The only thing the princess has given to the cowboy, is a T-shirt. 



Research questions 
 
How do children assign focus in sentences with the Dutch 
focus particle alleen? 

 



Method 
 Participants 
 35 Dutch children 
 Age 8;0-10;11 (m = 9;2) 
 4 participants excluded due to high trackloss 

 

 Materials & design 
 Picture-verification task 
 2 practice trials, 36 test trials 
 6 different verbs 
 6 character combinations 



Method 
 2x2 within-subjects design 

1. STRESS (default vs. marked) 
2. PICTURE (1-item vs. 2-item) 
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Method 

STRESS MATCH MISMATCH 

IO (default) IO_2 IO_1 

DO (marked) DO_1 DO_2 

2. PICTURE (1-item vs. 2-item) 
 



Introduction stimulus + sentence 



Preview 



Fixation cross 



Test stimulus + sentence 



Test stimulus + sentence 



Original analysis: RM ANOVA 
 Repeated measures ANOVA for Accuracy 

 

 2x2 within-subjects design 

 

 No significant interaction between STRESS and PICTURE 

 

 Strong effect for PICTURE (p <.001, F = 79.868, ηp
2 = .701) 

 Children distinguish on the basis of the situation 



Original analysis: RM ANOVA 
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Original analysis: RM ANOVA 



Why use mixed-effects? 
 The Language-as-Fixed-Effect Fallacy  

 Implicit generalizations for subjects and/or items 

 

 Generalization not shown in statistical analyses 
 F1 what would happen with a new sample of subjects? 
 F2 what would happen with a new sample of sentences? 

 

 Some coefficients as a fixed instead of a random effect  
 E.g. item (verb, characters) 

 

 Adding more sources of error 

 



New analysis: mixed-effect modeling  
 yi = aj[i] + bxi + ei 

 aj = µa + ϵj 
 

 yi = µa + ϵj[i] + bxi + ei 

 

 Random variation due to each subject  every subject has its own 
intercept 

 

 We assume that every subject has a different baseline level for 
correctly determining focus in contrastive stress sentences. 

 

 



New analysis: mixed-effect modeling  
 yi = aj[i] + bxj[i] + ei 

 aj = µa + ϵj 
 bj = µb + ϵj 

 
 yi = µa + ϵj[i] + µb + ϵj[i] + ei 

 
 Random variation due to each sentence (verb/characters)  

every subject has its own slope for each coefficient 
 
 We assume that every subject react to the (different parts of the) 

experimental manipulation in a different way. 
 
 
 



Why mixed-effect logistic GLM? 
 Mixed-effect  multiple sources of variation; some of the 

coefficients can be random instead of fixed 

 

 Logistic regression  binomially distributed error  
 So no normally distributed error with zero mean 

 

 Generalized Linear Models  allow other than normal error 
distributions 

 



Random intercept(s) models 



Random intercept(s) models 



Random intercept 



Random intercept 



Random intercept 



Random intercept 



Random intercept & slope 



Random intercept & slope 



Random intercept & slope 



Conclusion 
 Children interpret focus differently from adults 

 

 Small effect of match-mismatch 

 

 Controlled experiment  items have little influence on variance 
 

 Further research: same experiment with autistic adults 



Discussion 
 ! Significant effect for stress in replicated original analysis AND 

new analysis 

 

 Exactly the same AIC for models with random intercept for verb 
and characters 

 

 Random intercept per subject  many exactly equal intercepts 
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 Pictures + audio files all come from the experiment performed by Bart Hollebrandse and 
Petra Hendriks 

 



F1, F2 
 F1: treatment effect against treatment by subject interaction 
 F1(p-1, (p-1)(r-1)) = MSt/MSt x s 

 

 F2: treatment effect against Words-within-Treatments effect 
 F2(p-1,p(q-1)) = MSt/MSWwT 
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