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Introduction

Most patientswho suffer functional impairmentsafter brain damageimproveover
timeïobservedin motor,visual,language.

Degreeof functionalrecoveryis highly variableandlesion-dependent
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Introduction

Most patientswho suffer functional impairmentsafter brain damageimproveover
timeïobservedin motor,visual,language.

Degreeof functionalrecoveryis highly variableandlesion-dependent

Project aim: To establisha theoreticalaccountof how resistanceto functionallossis
supportedby particularrecoverymechanisms.
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Recovery mechanisms

Distinguish between two routes for recovery [Neuroplasticity]:

Learning-dependent mechanisms engaging residual components 
[Experience-dependent plasticity]

Using other intact neural structures that can reproduce the same functional 
output [Degeneracy]

(Warburton et al, 1999; Tononi et al 1999; Price and Friston 2002)



Introduction 
Active inference
Free energy, degeneracy & redundancy
Word repetition model
In-silico lesion studies
Conclusion



Active inference
Bayesian account of how agents engage with a given environment

(Friston et al, 2017, Friston et al, 2018, Sajid et al 2021)
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Simulating in-silico lesions

In-silico lesions can be simulated by manipulating precision.

Sajid et al 2020a

(Sajid et al 2020a; Sajid et al, Under Review)
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Redundancy and degeneracy 

Redundancy refers to different structures 

that perform the same function 

Inefficiency 
under the principles of minimum redundancy and maximum efficiencyStructure Function
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Redundancy and degeneracy 

(Barlow HB 1974; Tononi et al. 1999; Friston and Price, 2003; Seghier& Price, 2018) 

Degeneracyrefers to when many structures can 

yield one function
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ḈIf one degenerate structure is damaged, the function can be retained by 
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Free energy, degeneracy & redundancy

(Sajid et al 2020b)

Complexity scores the 

degree to which 

posterior beliefs have to 

move away from prior 

beliefs to explain the 

data at hand

complexity accuracy
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Free energy, degeneracy & redundancy

(Sajid et al 2020b)

Complexity scores the 

degree to which 

posterior beliefs have to 

move away from prior 

beliefs to explain the 

data at hand

Entropy is the 

uncertainty of 

approximate posterior 

beliefs
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Free energy, degeneracy & redundancy

(Sajid et al 2020b)

ḈDegeneracy affords a flexibility that offsets the cost of redundancy
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Auditory word repetition
.

Although word repetition is amongst the simplest of language tasks, it involves many 

different brain regions whose functions are not yet fully understood

SubjectExperimenter

Please repeat the 

following word: 

triangle

SubjectExperimenter

Triangle..

* Simplified version of the comprehensive aphasia test simple word repetition task (Swinburn, Porter et al. 2004)

(Hope et al, 2014; Hanley et al., 2002,2004).
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In-silico lesion studies
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Behavioural performance 

engaging the 
alternative system
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Behavioural performance 

experience-dependent plasticity 
in the alternative system
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Behavioural performance 

profound damage
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Free energy = Redundancy - Accuracy



Free energy, degeneracy, and redundancy
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Free energy = Energy - Degeneracy



Learning after in-silico lesion

(Sajid et al Under Review)

Long-term experience-

dependent plasticity in the 

alternative system
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