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Cognitive control 

 Set of operations that prepares the brain to 
perform a particular cognitive task 
 The same stimulus information can be processed in 

different ways 

 

 It involves setting up the information processing 
system so as to weigh information appropriately 
for the particular task context at hand 
 Notion of “prepared reflexes” (Allport, A&P, 1980) 

 Interaction between top-down and bottom-up 
processes 



From Dosenbach et al.  

PNAS 2007;104:11073-11078 

Brain areas involved in cognitive control 

 From fMRI work 

 Cingulo-opercular network (black): Long-term goal setting 

 Dorsal attention network (yellow): Trial-to-trial adaptation 

 How are these areas related to each other? 

 



Preparation paradigm 

Gratton et al.,  2009; Baniqued et al., 2013; Leaver et al., submitted; Low et al., in preparation 
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EROS: A tool for studying the time 
course of preparatory activity 

Reviews: 
Gratton & Fabiani, TICS, 2001 
Gratton & Fabiani, Frontiers in Human Neuroscience, 2010 
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Study 1 
Auditory/Visual 
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Study 2 
Global/Local 
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Study 3 
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Task-general EROS activity 
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Preparation for  
Global/Local Processing 

Leaver et al., submitted 



Behavioral Results 
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How do top-down processes 
influence bottom-up processing? 

 A flourishing of papers in the last five years 
indicate that processing of sensory stimuli is 
influenced by the  amplitude and phase of 
oscillatory activity (alpha) in sensory cortex 

 E.g., Mathewson et al., JoN,  2009 

 Do attentional networks influence these 
oscillatory activities? 

 E.g., Thut & Miniussi, TICS, 2009 
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Brain states and detection 

Averaged evoked potential 
for detected and undetected targets 

Probability of detection for trials 
with large and small alpha power 

Probability of detection for trials with 
alpha phase in “high” and  “low” mode 

Mathewson et al.,  JoN, 2009 
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Cortical excitability  
and alpha oscillations 
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Brain activity prior to targets 
EROS alpha power map 
Detected - Undetected 
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Discussion 
 Interaction between task-general areas (involved in top-down 

regulation) and task-specific areas (involved in bottom-up 
processing) 

 
 Task general areas include DAN and CON 

 Within DAN, frontal areas are activated before parietal ones 

 What is their respective role? 

 How are action plans represented here? 

 

 Task specific areas include visual, auditory, and motor networks 
 During preparation, they are activated during the foreperiod 

 Regulation of these areas may involve up- or down-regulation of 
rhythmic activity 

 The phase of the rhythmic activity may be involved in gating information 
processing 

 It may represent the excitability of particular cortical regions 
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Dynamics of cognitive control 

 How does cognitive control operate? 

 What are the relationships between different 
cognitive control regions? 

 How do they influence each other? 

 How do they influence perceptual (bottom-up) areas? 

 What happens in the perceptual areas that influences 
stimulus processing? 



Example: Conflict effects 

 

Gratton et al., JEP: Gen., 1992 
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Conflict adaptation: 
Effects of changes in expectation 

Exp. 1: Sequential effect Exp. 2: Blocked probability effect 

Exp. 3: Cued probability effect 

Large P3 
Small P3 

Gratton et al., JEP: General, 1992 

* 
* 

** ** 

http://search.proquest.com/textgraphic/614325671/TextPlusGraphics/xge_121_4_480_fig1a.tif/?accountid=14553
http://search.proquest.com/textgraphic/614325671/TextPlusGraphics/xge_121_4_480_fig15a.tif/?accountid=14553
http://search.proquest.com/textgraphic/614325671/TextPlusGraphics/xge_121_4_480_fig6a.tif/?accountid=14553


Interpreting conflict adaptation  

 Strategy selection can be influenced by varying 
expectancy for compatible and incompatible noise 

 

Precue A (predict compatible) 

Precue B (predict incompatible) 
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SSSSS HHSHH 

Compatible Incompatible 

Feature 
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Gratton et al., JEP: General, 1992 
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Summary 

 In RT tasks, subjects prepare for incoming stimuli by 
preparing appropriate stimulus-response plans 
 ideomotor function 

 The front0-parietal network (FPN) exerts an 
important role in preparation 
 Activation occurs first in frontal and then in parietal areas 

 Activation in FPN precedes that occurring in task-specific 
areas 

 The amount of preparatory activity is predictive of 
subsequent behavioral advantages 

 EROS provides a tool for tracking the time course of 
preparatory activity 


