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Triad of processes

Cognitive control

ATTENTION

WORKING MEMORY

GOAL MANAGEMENT

Pagnotta et al., JoCN, 2024

Pagnotta et al., Biol. Psychol., 2024



Working memory

“I know that Matt Walker said that sleep is our

superpower. While we are awake, working memory

is our superpower, because it allows us to translate

our knowledge into action by holding this

information in mind.”

“The Boss” Mark D'Esposito



The ‘two lives’ of alpha in working memory

(1) Gating: suppression of irrelevant

information

(2) Maintenance: holding relevant

information in mind

CLARK KENT SUPERMAN

Alpha oscillations

(8–12 Hz)



Alpha power increases to suppress irrelevant visual stimuli

(1) Gating: suppression of irrelevant

information

Wallis et al., JoCN, 2015

MEG data



Alpha stimulation facilitates the suppression of irrelevant information

Riddle et al., Curr. Biol., 2020

(1) Gating: suppression of irrelevant

information

Justin Riddle



The second ‘life’ of alpha oscillations

(2) Maintenance: holding relevant

information in mind



Alpha is important for correctly maintaining information

Pagnotta et al., bioRxiv, 2024



Binding color and location through synchronization

Barbosa et al., Front. Neural Circuits, 2021

Albert CompteJoão Barbosa



Binding color and location through synchronization

Barbosa et al., Front. Neural Circuits, 2021



Binding color and location through synchronization

Encoding and decoding: rate coding

(coding scheme in which the stimulus information is contained in the

firing rate of the neuron—that is, the frequency of action potentials

increases as the intensity of the stimulus increases)

Barbosa et al., Front. Neural Circuits, 2021

Baranauskas, Front. Syst. Neurosci., 2015

Maintenance: temporal coding

(coding scheme in which the stimulus information is encoded in the

temporal structure of spike trains, in terms of the relative timing of spikes

in a population of neurons or with respect to an ongoing brain oscillation)



Binding color and location through synchronization

Barbosa et al., Front. Neural Circuits, 2021

Abrupt phase change 

leads to a swap trial



Behavioral predictions

Barbosa et al., Front. Neural Circuits, 2021



Neurophysiological predictions

Barbosa et al., Front. Neural Circuits, 2021



Neurophysiological predictions

Albert CompteJoão BarbosaKartik Sreenivasan Aniol Santo-Angles Ainsley Temudo Mark D'Esposito



Pagnotta et al., bioRxiv, 2024

                

        

  

 

 

 
 
 
   
 
 
 
  
 
  
  

               IRREGULAR ALPHA

MEG data

(N=26)

Alpha phase is irregular in incorrect trials (swaps)



Pagnotta et al., bioRxiv, 2024
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Alpha phase is irregular in incorrect trials (swaps)



Can we provide causal evidence for the role of alpha 

oscillations during working memory maintenance?



TMS study: the people

Jason Scimeca
Karena Balagula; Ethan Sheppy; 

Isabella Ruiz; Kaitlin Canotal

 nd also…

Alex Martinez; Sarah Barton; Shree Parekh; Matthew Yoshida; 

Gustavo Flores; Isabella Fruto Mariazeta; Hiya Ghosh; Eli Levy



TMS study: the design

Cue = location

Response =  color



TMS study: the color wheel

Cue = location

Response =  color



Mixture model of participants’ responses

Analogue Report Toolbox (https://www.paulbays.com/toolbox/) 

Bays et al., J Vis, 2009

Schneegans & Bays, Cortex, 2016

MEASURES:

• Number of swap trials

• Number of guess trials

• Error (accuracy)

• Von Mises k (precision)



TMS study: the design



TMS study: the targets

Neurosynth.org: "working memory" (meta-analysis of 1091 studies)



*Interaction

Precision increased by:

Alpha stimulation in IPS

Theta stimulation in MFG

contralateral

hemifield



N.S. *Interaction

Precision increased by:

Alpha stimulation in IPS

Theta stimulation in MFG

contralateral

hemifield

ipsilateral

hemifield



(1) Gating: suppression of irrelevant

information

(2) Maintenance: holding relevant

information in mind

Riddle et al., Curr. Biol., 2020 (Ongoing TMS study)

Alpha stimulation facilitates:



The ‘two lives’ of alpha in working memory

CLARK KENT SUPERMAN

What exactly is the stimulation doing on this 

frontoparietal network?

SUPERMAN



Mark D'Esposito
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David Pascucci (summer 2017)

Thank you for organizing!

Maria Rubega
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