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Shaping plasticity in cortical visual pathways:  the applicability of cortico-cortical PAS for precise tuning of perceptual functions 

• Spatial specificity in ccPAS protocols: makes it possible to 

modulate specific connections. 

• Temporal specificity in ccPAS protocols: precise interstimulus 

interval (ISI) between two areas to increase vs. decrease 

connectivity. 

• Studies involving cortico-cortical paired associative stimulation 

(ccPAS) in healthy participants. 

ccPAS: Principles and State of the art 
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ccPAS: A practical tool of investigation 

• targeting motor pathway connections and investigating outcomes 

related to hand dexterity and force (Chao et al., 2015, Fiori et al., 

2018, Koganemaru et al., 2009, Rizzo et al., 2011) 

• targeting the visual pathway and investigating outcomes related to 

motion discrimination (Chiappini et al., 2018, Chiappini et al., 

2022, Romei et al., 2016).  

• targeting frontal networks and investigating measures of cognitive 

ability, as response inhibition (Kohl et al., 2019), decision-making control 

(Nord et al., 2019), fluid intelligence (Momi et al., 2020), and attentional 

bias (Zibman et al., 2019) 

(A) 9-HPT (B) cRT task (Fiori et al.,2018) 

Motion discrimination task (Chiappini et al.,2018) 

Gf, LNG (near transfer) and VS tasks (far transfer) (Momi et al.,2020) 

https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0090
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0175
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0335
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0510
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0105
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0100
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0520
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0345
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0460
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0425
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690
https://www.sciencedirect.com/science/article/pii/S1388245723006569#b0690


Shaping plasticity in cortical visual pathways:  the applicability of cortico-cortical PAS for precise tuning of perceptual functions 

ccPAS to investigate perceptual visual networks: 

Recent lines of investigation 

• Testing behavioral effects of connectivity modulation by means of ccPAS 

• Taking advantage of ccPAS to prove models of visual elaboration  
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ccPAS to investigate perceptual visual networks: 

Highlights 

• ccPAS is useful to empirically prove 

theoretical models of brain function. 

 

• ccPAS allows to causally study 

specific neural networks in a 

controlled manner. 

 

• Effects of ccPAS protocols can be 

evaluated on psychophysiological and 

behavioral levels. 

 

• ccPAS is a flexible technique to prove 

the function of cortico-cortical 

connections of different brain systems 

(motor, visual, etc.)  

 

 

 

 



 
 

T H ANKS  
FOR Y OUR  

AT T ENT ION!  

Ac kowl e dgm e nt  

Consciousness Group (resp. Vincenzo Romei) 

https://psicologia.unibo.it/it/ricerca/gruppi-di-ricerca/gruppo-consciousness  

Non-Invasive Brain Stimulation (NIBS) Group (resp. Alessio 

Avenanti) 

https://psicologia.unibo.it/it/ricerca/gruppi-di-ricerca/non-invasive-brain-stimulation-nibs 
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Adapted from Wang et al., 2020 

nature communications 

• Current white matter evidence contradicts conventional hierarchy and 

claims that face analysis operates in a simultaneous and interactive 

manner rather than in a strict order (Wang et al., 2020) 

• White matter tracts connecting EVC and STS face-selective regions  

(Finzi et  al., 2021) 

• Endpoint density of fiber tracts connecting STS with EVC (Finzi et al., 

2021) 

Adapted from Finzi et al., 2021 

Theoretical background:  

Face Elaboration Network 



nature communications 

• pSTS is engaged in the computation of changing 

attributes of faces like those of expression 

• Major hub for emotion perception from faces (Lahnakoski et al., 

2013; Pitcher, 2011) 

• Face-processing network via specific long-distance channels 

Adapted from Lahnakoski et al., 2013 

Theoretical background:  

Perceiving Emotional Expressions 

Adapted from Wang et al., 2020 



nature communications 

Tracking signal propagation from 

pSTS to V1/V2: TMS-EEG co-registration 

• 60 active vs sham TMS pulses at rest, over the right pSTS 

• Time-course of activity and mean Latency of the main TEPs 

peaking at ~200ms following pSTS stimulation at the sensor (A) 

and source (B) levels. 

 

• Target sensors (O1,Oz, O2) and Cortical regions included in the 

V1/V2 ROI (Talairach coordinates: x = 19, y = –98, z = 1). 



nature communications 

Testing  functional relevance of pSTS-

V1 connectivity:  

Information-based ccPAS experiments 

3 EXPERIMENTS 

 

Experiment 2. control for stimulation time: 

 

- 3 groups (STS-V1; Ctrl_0ms; Ctrl_100ms) 

- Emotion recognition task 

- 42 participants 

 

Experiment 3. control for stimulation directions: 

 

- 3 groups (STS-V1; CtrlV1-STS; CtrlSham) 

- Emotion recognition task 

- 39 participants 

 

Experiment 4. control for task: 

 

- 2 groups (STS-V1; CtrlSham) 

- Gender recognition task 

- 28 participants 

 

 



Exp 3: Direction specificity of pSTS-to-

V1 back-projections 

Exp 2: Time specificity of pSTS-to-

V1 back-projections for emotion 

perception  

Exp 4: Task specificity of pSTS-to-V1 

back-projections 

nature communications 

Testing  functional relevance of pSTS-

V1 connectivity:  

Information-based ccPAS experiments 



nature communications 

Electrophysiological correlates of pSTS-

to-V1/V2 ccPAS: TMS-EEG follow-up 

• significant ERP (P1) increase 

relative to baseline following 

the critical ccPAS condition 

in the stimulated emisphere 

• The increase in activity was 

maximal over early occipital 

regions, with the peak of 

activation in the ROI 

coincident with early visual 

cortices. 



nature communications 

ccPAS to study perceptual function and 

correlates: Summary of findings 





EVC 

Adapted from Wei et al., 2015 

PLOS BIOLOGY 

• Neurons in the middle temporal area (V5/MT+), 

which tune to the direction of motion stimuli, are 

essential for providing sensory acuity (Britten et al., 

2003; Hanks et al., 2005) 

• Neurons in parietal cortex (LIP/IPS) represent 

decision and the degree of certainty underlying 

the decision (Kiani & Shadlen,2009). 
 

• Many cortical regions connected directly, or 

indirectly, to V1 (Muckli et al,. 2013) 

Adapted from Muckli et al., 2013 

Theoretical background:  
Perceptual-decision making networks 

Adapted from Briggs et al., 2020 



PLOS BIOLOGY 

Theoretical background:  
Timing of interareal connectivity 

• Backward connectivity between V5-V1 is crucial for 

awareness of motion (Pascual-Leone et al., 2001; 

Silvanto et al., 2005; Romei et al., 2016) 

• Parieto-occipital feedback modulation of early 

visual cortex (Silvanto et al., 2009; Parks et al., 2015; 

Koivisto, 2011). 
 

Adapted from Cowey et al., 2005 

Adapted from Parks et al., 2015 



PLOS BIOLOGY 

• 51 healthy participants  

 

• RDM task (600 trials) 

- motion discrimination (left/right) 

- Confidence rating (1 to 4) 

 

 

• 3 Session 

    (BSL, T00, T30) 

 

• Stimulation protocols: 

- V5-to-V1 (20ms) 

- IPS-to-V1 (30ms) 

- IPS—V1 (0ms) 

 

 

 

Investigation of decision-making behavior:  

Targeting perceptual networks using ccPAS 



PLOS BIOLOGY 

* 

Investigation of decision-making behavior:  

Assessing perceptual motion discrimination 

• Motion threshold significant reduction (better 

perceptual sensitivity) following V5-to-V1 ccPAS  

• Absence of behavioral changes in sensory 

discrimination in parieto-occipital stimulations 



PLOS BIOLOGY 

Investigation of decision-making behavior:  

Assessing metacognitive ability 

• Metacognitive efficiency improvement (stronger accuracy x 

confidence mapping) only following IPS-to-V1 ccPAS  

 

• Effect present specifically at participant’s threshold level 

• Unspecific confidence increase following V5-to-V1 ccPAS 

 

• Specific increase of correct trial confidence following IPS-

V1 ccPAS 


