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Above. Participants were more accurate (t(10) = 15, p<.001) and 
faster (t(10) = 22, p<.001) at the semantic judgment task than at the 
analogy verification. 
 
 
Below. The grandaverage N400 ERPs (250 to 750ms) for correct 
trials were less negative from for the Analogy than the Semantic 
condition (t(10) = 5.3, p<.001) .  The less negative N400 in the 
Analogy condition was indicative of greater semantic meaning and 
suggests priming as the decision mechanism. 

N400 – Stimulus Locked ERP 

Visual Analogy 

Above. Stimulus- and response-locked ERPs from a visual analogy 
task (Nikitin & Morrison, 2011), showing the frontopolar LPC 
characteristic of analogical mapping. 
 
Below. Correlation plots for accuracy (percent correct) and 50ms 
window mean amplitudes for stimulus- and response-locked ERPs 
for visual analogy task (Nikitin & Morrison, 2011). Task accuracy 
appears to be driven by the LPC, suggesting analogical mapping as 
the decision mechanism. 

Above. Stimulus-Locked ERPs show a more negative N400 around 
the central electrodes (Cz). LPC was not observed in the prefrontal 
electrodes for response-locked ERP averages.   
 
Below. Correlation plots for accuracy (d’) and 50ms window mean 
amplitudes for stimulus- and response-locked ERPs for analogy 
task. Task accuracy appears to be driven by the N400, not the LPC, 
once again suggests priming as the decision mechanism. 
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High Span individuals showed greater differences in lateral PFC activation (in both the N2 and LPC metrics) between distraction conditions when compared to Low Span individuals, 
suggesting that inhibitory processing and analogical mapping are cognitive mechanisms that are differentially activated in the presence of distracting information depending on the 
processing efficiency and working memory capacity of an individual as measured by one’s WM span. 

STIMULUS LOCKED 

1 

2 3 

4 

Results Introduction 

Methods 

• Analogical reasoning fosters human understanding and 
learning by enabling one to establish a link between two 
sources of structured information and to use this link to 
make comparisons and inferences. 
• Previous neuropsychological and neuroimaging studies 
have emphasized the importance of several areas of 
prefrontal cortex (PFC) for inhibitory control and 
relational integration during analogy. 
• Using EEG recording, this experiment aims to explore 
the time course of the neural correlates for inhibitory 
control during analogy and begin to understand how 
they are affected by individual differences in working 
memory (WM). 

No differences were observed in accuracy or response times across 
distraction conditions or working memory capacity groups. 

Distraction condition evoked a 
greater N2 ERP in the Left PFC. 

Frontopolar late positive complex 
represents analogical mapping. 

Individual differences in working memory capacity revealed asymmetries 
underlying neural processing of distracting information during reasoning. 
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The N2 is an ERP during early visual processing that was modulated by the presence of 
goal-irrelevant, distracting information. Subtraction of peak amplitudes between 
conditions (indicated by the gray area) revealed differences in left PFC activation (shown 
in the topographic map), suggesting that left PFC is important in inhibitory processing.  

In previous studies, analogical mapping / relational integration was measured as an ERP 
by contrasting activation between a simple featural comparison task and an analogical 
comparison task. Results yielded a late positive complex, shown again here, in 
rostrolateral PFC. Gray area shows activation collapsed across distraction conditions. 
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Scalp electroencephalography (EEG) signal was 
recorded from 14 participants using a 38-channel 
Biosemi Active2 EEG system. 32 electrodes were 
located at standard 10/20 locations in a nylon-
elastic cap. Two electrodes were placed on the 
mastoid bones for subsequent digital re-
referencing. To expand the coverage of EEG 
monitoring, we placed four electrodes on the face 
on the inferior and lateral aspects of the eye orbit. 
These electrodes were used to expand PFC 
electrode coverage and for ocular artifact correction 
and rejection.  

Participants were asked to verify visual analogies 
constructed from shapes that possessed three 
varying properties (luminance, orientation, and 
number). Participants were asked to decide whether 
the relation in the top pair was the same or different 
than the relation in the bottom pair, with respect to a 
single, cued property. In the “Valid–No Distraction” 
condition, all three relations were congruent 
between the top and bottom pair, with the correct 
answer being “yes” to indicate that the problem as 
cued was a valid analogy. In the “Valid–Distraction” 
condition, the cued property had congruent relations 
as in the previous condition; however, one of the 
two unattended relations was incongruent, in spite 
of the problem requiring a “yes” response. In the 
“Invalid” condition, the relation of the attended 
property in the top pair did not match the relation of 
that in the bottom pair, and thus required a “no” 
response. There were a total of 432 trials; accuracy 
and response times were measured. 
 
 

After completing the analogy task, participants 
completed a short operation span working memory 
task. On each trial, participants were asked to verify 
simple mental arithmetic problems while remembering a 
string of letters. Individual differences in working 
memory capacity may reveal differences in the neural 
mechanisms underlying inhibitory processing during 
analogical reasoning. 

Visual Analogy Task 
• Objects possessed three varying properties (luminance, 
orientation, and number). 
• Participants judged if the relation between objects in the top 
pair matched the relation in the bottom pair, with respect to a 
single, cued property (Valid = match, Invalid = mismatch).  
• Relations of the unattended properties disagreed with the 
relations of the cued properties in the “Distraction” condition. 

Working Memory Task 
• Participants were asked to verify simple math problems while 
remembering strings of letters. 

Scalp electroencephalography (EEG) 
• Brain activity was recorded using a 32-channel Biosemi Active2 
EEG system. 
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Working memory thus plays a critical role in inhibitory control and analogical reasoning, neurally 

• While no behavioral differences were observed across distraction conditions or 
WM groups, measurements of neural correlates differed. 
• Goal-irrelevant information evoked a greater N2 ERP, an index of inhibitory 
processing, in  left PFC early during analogy processing. 
• Frontopolar late positive complex ERP, a metric of analogical mapping / 
relational integration as demonstrated in previous experiments, was shown 
again in this study. 
• Individual differences in WM span interacted with distraction N2 and LPC ERPs. 
• Differences in WM capabilities may govern how cognitive processes such as 
inhibitory control engage during analogical reasoning. 
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Based on their working memory span scores, 14 participants were divided into two 
groups (via median split): Lo-Span and Hi-Span individuals. Behavioral data (accuracy 
and response times) and neurophysiology data were analyzed with individual 
differences in working memory capacity taken into account. 

The authors would like to thank Matthew Kmiecik and Miraj Chokshi for 
technical support and the American Federation of Aging Research, the 
Illinois Department of Public Health, and the Loyola Undergraduate 
Research Opportunities Program (LUROP) for their generous support. 


