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Introduction 
•  Maintaining concrete, sensory-based information 

in working memory (WM) relies on interactions 
between sensory cortex and PFC (e.g., Courtney, et al., 
1998; Colby & Goldberg, 1999; Silver & Kastner, 2009)  

 
•  Previous work suggests that abstract spatial 

relations are stored in WM differently than 
sensory information: 
•  Relations stored in WM are associated with more 

activity in anterior PPC & PFC regions (Ackerman & 
Courtney, 2012) 

•  Maintaining relational information, compared to 
item-specific information, in WM results in 
suppression of sensory regions (Ikkai, et al., in revision) 

 
•  EEG alpha oscillations (8-13Hz) over posterior 

sites have been proposed to reflect functional 
suppression of task-irrelevant brain regions (Kelly, 
et al., 2006; Jokisch & Jensen, 2007; Worden et al., 2000) 
•  Sensory regions may be suppressed during the 

conversion of item-specific information into 
abstract relations and during maintenance of that 
non-sensory information 

 
•  How does changing sensory WM information into 

an abstract relationship (and maintaining that 
relationship in WM) differ from changing it to a 
different sensory representation and maintaining 
it? 

 
•  Are posterior, sensory regions suppressed more 

during conversion to and maintenance of 
relational information in WM? 

•  What is the role of frontal cortex in this process? 
 Methods 

WM Task: Relation vs. Item 

Posterior Alpha: Sensory Suppression 

Anterior Alpha  

Alpha Phase Synchrony 
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•  Converting sensory information to relational 
information and maintaining relational 
information in WM results in greater posterior 
alpha, suggesting that sensory regions and the 
WM representations stored there become task-
irrelevant 

•  Greater anterior alpha during this period 
suggests an important role for PFC oscillatory 
activity in this conversion process 

•  Enhanced alpha phase synchrony between 
anterior and posterior sites suggests that 
temporally precise interactions between sensory 
cortex and PFC may be particularly important 
during WM for abstract representations 
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•  N = 24 participants (10 male, M age = 21, SD = 3.6) 
•  1-hour training session prior to EEG session 
•  During EEG, 8 blocks of 32 trials with 128 trials per 

condition 
•  Recorded from 128-channel electrode array 

•  Used a common average reference 
•  Eye-blinks were removed using Independent 

Components Analysis and lateral eye movements 
were excluded manually 

•  EEG analysis was performed on accurate trials only 
using the FieldTrip software package 

•  Participants who had <70% valid trials were 
excluded (N=6) 

 

Figure 1. After the memory array, a cue indicated whether to convert the two maintained 
items to one exact vertical location for Item trials (indicated here by a dotted line) or to a 

vertical relationship between the 2 circles (above/below) for Relation trials.   

Figure 3. Selected posterior electrodes (left). Time-frequency plot illustrating greater alpha power for Relation trials compared to 
Item trials during Delay 2 and Test (middle). Results of non-parametric randomization test showing corrected p-values (right). 
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Figure 5.  Results of non-parametric randomization test 
demonstrating significantly greater alpha phase synchrony between 

anterior and posterior sites for Relation compared to Item trials. 
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Figure 4. Selected anterior electrodes (left). Time-frequency plot illustrating greater alpha power for Relation trials compared to 
Item trials during Delay 2 and Test (middle). Results of non-parametric randomization test showing corrected p-values (right). 

•  Phase-locking values (PLV) represent the phase 
covariance between two signals that are close in time 
(Lachaux, et al., 1999) 

p<.01 * 
Seed electrode 

p<.05 

corrected p>.05 corrected p<.01 

corrected p>.05 corrected p<.01 

Figure 2.  Accuracy and RT data. 
Error bars represent SEM. *p<.001. 


