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Results
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The Wilson-Cowan Cortical Model (WCCM)3 was adapted to include MGBV-
PAC-TRN circuitry, with each region represented by inhibitory-excitatory 
neuron populations (except the TRN, which contains only inhibitory 
populations; see Figure 1, top). Each neuronal population also contained 98 
tonotopic processing units (Figure 1, bottom).

Intraregional connection strengths follow a decaying exponential function, 
and interregional connectivity follows a normalized gaussian distribution.
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Human hearing is remarkably 
flexible. In crowded 
environments, we effortlessly 
attend to relevant sounds 
while ignoring irrelevant ones. 
The circuitry between the 
following brain regions has 
been proposed as key for 
attentive sound processing1,2:

- auditory thalamus (medial 
geniculate body; MGB)

- primary auditory cortex (PAC)

- thalamic reticular nucleus 
(TRN)

It is currently not known 
whether this proposed circuitry 
can support the computations 
known to underlie selective 
attention. 

Figure 1:
[Top] WCCM divided into two different processing stages. each region is divided into 98 tonotopic 
processing channels

[Bottom] Schematic overview of proposed corticothalamic circuitry. Excitatory and inhibitory 
neuron populations are represented with E and I circles; all populations also contain self-loops 
(not shown). 

Introduction Methodology

Optimization of parameters proceeded in three steps: 

1. Sensitivity analysis across 40,000 simulations (latin hypercube sampling)

2.Model selection based on biological plausibility of firing rates

3.Parameter tuning to match electro-physiological literature. 
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Figure 3: Overview of model optimization results

                  

    

    

    

    

  

  

    

    

    

    

   

      

   

 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 

                  

                  

   

   

         

  
  

  
  

  
  

  
  

  
  

  
  

  
 

                   
             

          
          

           

Table 1: Parameters that were optimized using  sensitivity analysis (22 in total)

Conclusion and Future Work

• MGBV-PAC-TRN circuitry can be incorporated into a 
computationally stable model 

• Model shows biologically plausible dynamics

• Future work should implement attentional modulation, 
to observe if attentional dynamics can be replicated

• Possible relevance in tinnitus research (TRN disfunction)

Parameter 
Type

# Description Range

Intra-region max
[b]

7 Maximum of connectivity strength distribution within and 
between neuronal exc.  and inh. populations in a brain 
region

[0.5, 5]

Intra-region 
spread
[𝛔]

7 Spread of connectivity strength distribution within and 
between neuronal exc.  and inh. populations in a brain 
region

[10, 160]

Inter-region max
[gain]

4 Maximum of connectivity strength distribution between 
brain regions

[0.1, 10]

Inter-region 
spread [spread]

4 Spread of connectivity strength distribution between 
brain regions

[1, 15]
Figure 2: Optimization steps and the number of valid 
models discovered at each stage

Parameter Parameter 

value

Parameter Parameter 

value
MGBV 𝑏𝐸𝐸 1.888 𝜎𝐸𝐸 84.395

𝑏𝐸𝐼 2.283 𝜎𝐸𝐼 94.701

𝑏𝐼𝐼 0.642 𝜎𝐼𝐼 138.455

PAC 𝑏𝐸𝐸 1.785 𝜎𝐸𝐸 28.273

𝑏𝐸𝐼 1.428 𝜎𝐸𝐼 53.332

𝑏𝐼𝐼 4.230 𝜎𝐼𝐼 10.245

TRN 𝑏𝐼𝐼 0.5 𝜎𝐼𝐼 158.291

MGBV→PAC gain 0.4 spread 4

PAC→MGBV gain 1.546 spread 14

PAC→TRN gain 10 spread 6

TRN→MGBV gain 6.845 spread 5

Table 2: Parameters of final corticothalamic auditory model
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