
Fractions 
•  Difficult topic for students to master 
•  Key to more complex math topics  
•  Not well studied using EEG 
•  (Siegler, Fazio, Bailey, & Zhou, 2013) 

Event Related Potentials (ERPs) 
•  Bain responses from specific events 
•  Measured by electroencephalography (EEG) 

Mass Univariate Analysis (MUA) 
•  Better temporal precision 
•  Better for identifying unexpected effects 
•  Many comparisons (high false discovery rate) 
•  (Groppe, Urbach, & Kutas, 2011) 
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Introduction 

Participants 
•  24 participants (15 female, M = 20.7 years, SD = 5.31) 
•  All participants gave written consent and were paid $25 

Stimuli  
•  Fractions are presented for 1s 
•  Target fraction are unit fraction (1/2, 1/3, and 1/4) 
•  Fractions presented are limited to ones made out of single digits 

Methods 

Results 
Electrophysiology 
•  EEGs were recorded using a 32-channel cap 
•  Electrode impedance was kept below 10 kΩ 
 
Data Analysis 
•  Grand ERP averages were calculated  
•  Reaction time and accuracy were compared 
•  MUA was conducted on 32 electrodes  
•  Time window  was 0-600ms 
 
Results 
•  There were significant main effects of Task and Shared Components 
•  There was also a significant interaction of Task x Shared Components 
•  Shared components modulate cluster activation of the effects seen, including the 

N400 (300ms to 500ms).  

Conclusions/Significance  

Educational Implications 
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Fractions 
•  The presence of shared components brings in an additional learned 

associations (digit magnitude) which needs to be inhibited 
•  Participants were susceptible to interference from shared components 

between the two highlighting the presence of inhibition of a Stroop-like 
conflict between fraction magnitude and the fraction’s numerical 
components  (Meert, Grégoire, & Noël, 2010) 

•  This inhibition draws on additional cognitive resources, especially executive 
function, resulting in higher overall reaction times and higher amplitudes 

•  Inhibition might not simply be a feature that arises during fraction 
processing but it might be a cognitive function necessary for successful 
fraction processing 

•  The presence of the N400 provides evidence for semantic processing in 
fraction comparison 

Fraction Instruction 
•  Inhibition might have a central role in the development of fraction and 

mathematical understanding 
•  Instructors could limit the presentation of fractions with peripheral 

associations until the proper level of inhibition is developed 
•  Faction instruction could benefit from beginning fraction manipulation 

with only unit fractions (e.g. 1/3 > 1/7 rather than 3/7 > 7/49) 
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ELDEN Lab 
Task 
•  Participants judged whether a fraction (probe) had the same numerical value 

(magnitude) as a subsequent fraction (target) 
•  A controller is used to indicate response 
•  Participants complete 600 randomized trials (30 min) 

Figure 1. Experimental progression from the probe to either a Match 
(MA), or a Shared or Nonshared Mismatch (MM)  

Figure 2. 32 electrode EEG 
cap used in ELDEN lab.  

Figure 3. Scalp distribution of averaged ERPs 
comparing TaskConditions (Match vs Mismatch) 

Figure 4. ERP waveforms for electrode Pz showing averaged 
TaskConditions amplitudes. 

Figure 5. Raster plot showing significant activation difference 
across TaskConditions over all electrodes (0-600ms time 

window).   

Figure 7. Raster plot showing significant activation difference across 
SharedComponents over all electrodes (0-600ms time widow).   

Figure 6. Raster plot showing activation difference from TaskConditions x 
SharedComponents over all electrodes (0-600ms time widow).   


