
Results 

Analysis 
In order to model the numerical ratio dependent signal recovery we collapsed numerals into four ratio bins (1 / 1.33  / 1.5 / 2). 
First, the numerical ratio was used as a parametric regressor to calculate a whole-brain GLM analysis across the entire group. 
Second, to investigate developmental changes in the size of the signal recovery we calculated a whole-brain correlation analysis between the parametric regressor and age. 

 

 
 
 

 

Introduction  
Background 
ª  The acquisition of symbolic numerical knowledge is vital in modern societies. 
ª  Functional imaging studies with adults have implicated the intraparietal sulcus (IPS) as a crucial region for representing symbolic numerical magnitudes1. 
ª  Recent adult data from fMR-adaptation suggest hemispheric differences in the cortical representation of symbolic numerical magnitudes2,3. 
ª  Specifically, numerical ratio dependent brain modulation has been found in the left IPS, suggesting a functional specialization for symbolic numerical magnitude representation in this area2,3. 
ª  However, the trajectory of how the human brain represents symbolic numerical magnitudes over developmental time remains elusive: 

   - Developmental studies have suggested that the IPS becomes increasingly engaged in the processing of numerical symbols with age4. 
  - Evidence from developmental studies is, however, primarily related to active tasks (e.g., number comparison)5 and results may be confounded by non-numerical mechanism (e.g.,             

 response selection) or performance differences. 
  - Developmental studies focused primarily on coarse group comparisons between children and adults, potentially obscuring developmental trajectories of hemispheric specialization. 

Research Question  
ª  The present study aimed to further investigate ontogenetic changes in the cortical representation underlying the semantic processing of symbolic numerical magnitude while overcoming some 

 of the limitations discussed above 
  Hypothesis: 
 Consistent with previous data, we expected to find developmental changes in the brain activity of the IPS related to the semantic representation of numerical symbols.  
 Specifically, we hypothesised that the left IPS becomes increasingly specialized for symbolic numerical magnitude representation. 

Methods 
Experimental Design: 
The present study used fMRI adaptation in order to control for confounding task demands such as age-related performance differences . 
A cross-sectional approach was used to investigate ontogenetic changes across different ages. 
 
Participants:   
19 healthy, right-handed children.  
Ages 6-14 years, with a minimum of 2 children per year. 
 
Stimuli and Task: 
Participants’ brain responses were habituated using the Hindu-Arabic numeral 6. 
The length of the habituation phase varied between 5 – 9 repetitions with a mean of 7presentations across trials. 
In order to measure numerical ratio dependent neural rebound effects, numerical deviants were randomly interspersed (Table 1).  
Participants were instructed to press a button whenever they see a smurf on the screen. 
 
Data acquisition:  
Whole-body MRI scanner (3T Siemens TimTrio); TR = 2000ms; voxel size = 3mm x 3mm x 3mm; 4 functional runs, each 6:16 minutes 
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Discussion 
ñ  The present data provide new evidence to suggest a differential engagement of the left and right IPS in the development of semantic numerical representation. 
ñ  Specifically, the correlation between age and the size of the numerical ratio dependent signal recovery effect in the left IPS suggests an age-related increase in the precision with which 

 numerical symbols are represented in the brain. 
ñ  The emerging activation in the left IPS further indicates an increasing automaticity with which the semantics of numerical symbols are processed. 
ñ  Moreover, the stable engagement of the right IPS across ages may suggest an early involvement of this region to represent symbolic numerical magnitude, indicating that this regions may be 

 involved in an early mapping between non-symbolic numerical magnitude and their symbolic referent6. 
ñ  In contrast to previous studies the present data did not reveal age related changes in the prefrontal cortex, indicating that this regions may not be related to the semantic representation of 

 symbolic numerical magnitudes. 
ñ  Overall, the present study indicates a differential engagement of the left and right IPS over the course of development and supports the idea that symbolic numerical knowledge arises from an 

 age-related interplay between both hemispheres. 
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Results of the whole-brain GLM analysis elicited a significant numerical ratio dependent modulation of the right IPS across the group (Figure 1). 
The whole-brain correlation showed a significant association between the parametric regressor (size of the signal recovery effect) and age (Figure 2). 

Behavioural Results: 
Participants showed a high accuracy (a minimum of 75% per functional run) in detecting the smurfs, suggesting a consistent 
level of attention throughout the paradigm.  

Imaging Results: 

(Table	  1)	  

(Figure	  1)	   (Figure	  2)	  
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