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The eleventy-first birthday 

 

 "I don't know half of you half as well as I should like;  

and I like less than half of you half as well as you 
deserve” 

J.R.R. Tolkien 2007 
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Research questions 

 

 

1. How are quantifiers processed? 

2. Can quantifier semantics be manipulated? 

3. How does the brain process quantifiers? 

4. How does the brain process such changes? 
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A truth value judgement paradigm 
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Quantifier processing 

„most of the circles are yellow“ 
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Variable vs. fixed degree 

Stefan Heim - Amsterdam 29-09-2017 



Research questions 

 

 

1. How are quantifiers processed? 

2. Can quantifier semantics be manipulated? 

3. How does the brain process quantifiers? 

4. How does the brain process such changes? 

 

 

Stefan Heim - Amsterdam 29-09-2017 



Preferential use of quantifiers 
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1. Assessing the degree 
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2. Training a new degree 
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3. Assessing the degree again 
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Method 

• Experiment 1:  

• Training for „many“ at degree 40% 

• No training for „few“ 

 

• Experiment 2:  

• Training for „few“ at degree 50% 

• No training for „many“ 

 

 

Stefan Heim - Amsterdam 29-09-2017 





Stefan Heim - Amsterdam 29-09-2017 





Stefan Heim - Amsterdam 29-09-2017 



Research questions 

 

 

1. How are quantifiers processed? 

2. Can quantifier semantics be manipulated? 

3. How does the brain process quantifiers? 

4. How does the brain process such changes? 

 

 

Stefan Heim - Amsterdam 29-09-2017 



Stefan Heim - Amsterdam 29-09-2017 



Quantifier processing 

Esti-

mation 

Compa-

rison 

Semantic 

Evalu- 

ation 

<         ? 

„most of the circles are yellow“ 

Stefan Heim - Amsterdam 29-09-2017 



31 





Research questions 

 

 

1. How are quantifiers processed? 

2. Can quantifier semantics be manipulated? 

3. How does the brain process quantifiers? 

4. How does the brain process such 

changes? 

 

 

Stefan Heim - Amsterdam 29-09-2017 



Stefan Heim - Amsterdam 29-09-2017 



Stefan Heim - Amsterdam 29-09-2017 



Quantifier learning in the brain 

General changes 

Block 1 vs. 3 

Specific changes for degree 40% vs. others  

Block 1 vs. 3 

from Heim et al. 2015 Neuroimage 

Images: https://www.ncbi.nlm.nih.gov/pubmed/26481678 



Conclusion 

For quantifiers with a non-fixed degree … 

• … can this degree be modified 

• … can this modification carry over onto other 
quantifiers, even and in particular to the polar 
opposite 

 

The brain processes quantifier semantics … 

• … specifically in Broca‘s region in the LIFG 

• … and in particular for the change of degree, for 
trained and untrained quantifiers 

 Stefan Heim - Amsterdam 29-09-2017 



Credits to … 

Overall cooperation:  

Yosef Grodzinsky 
 

Learning paradigm, FTD patients:  

Murray Grossman, Corey McMillan 
 

 

 

Stefan Heim - Amsterdam 29-09-2017 



If so many are "few", how 

few are "many"? 
 
 

Stefan Heim 


