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Damage to the central nervous system (via accident or disease) frequently leads to profound 
deficits in human behavior.  These deficits exhibit a high degree of structure, providing a critical 
window into the functional organization of human cognition.  This talk examines the bidirectional 
link between behavioral deficits and cognitive structure.  I’ll first review insights into the structure 
of human language processing that have come from behavioral studies of individuals who have 
difficulty producing speech.  I’ll then review recent work in my research group that uses artificial 
neural networks to formalize the link between the structure of human language processing and 
patterns of performance arising subsequent to neurological impairment.

This work is in collaboration with Brenda Rapp (Johns Hopkins, Cognitive Science) and Robert 
Daland (Northwestern, Linguistics and NICO-LMC).

NICO Coffee Hour will follow for questions, networking, and collaboration.
http://www.northwestern.edu/nico/
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Figure 7 depicts the consequences of disruption to the weights in the network above.  The x-axis 

represents disruption to the weight instantiating the MARKEDNESS constraint; the y-axis 

represents disruption to the weight instantiating the FAITHFULNESS constraint.  The thick line in 

each panel shows the boundary between correct and incorrect outputs for varying degrees of 

disruption to both weights.  As shown in the left panel, for a voiceless input errors occur when 

the weight connecting the bias unit to the surface [voi] feature becomes positive.  This 

corresponds to a flip in the sign of the constraint—changing it from MARKEDNESS constraint that 

disprefers voiced outcomes to an anti- MARKEDNESS constraint which prefers such structures.   

(Note: since for this case the input unit is inactive, the harmony contribution of the 

FAITHFULNESS constraint is always 0.)  As shown in the right panel, errors for voiced inputs are 

influenced by two factors.  First, if the FAITHFULNESS constraint is weakened (i.e., negative 

changes in the weight), the influence of the MARKEDNESS constraint will yield voiceless 

outcomes.  Similarly, if the MARKEDNESS constraint becomes more powerful (i.e., negative 

changes in the weight), it will tend to overpower the influence of FAITHFULNESS. 

As noted above, we assume that disruption is randomly and evenly distributed along each 

weight.  This is depicted by the concentric circles in each figure (where the center depicts the 

intact network).  The centermost circle contains the smallest disruptions, which have the highest 

probability.  The ever-lightening circles surrounding it indicate decreasing probability as the 

level of disruption increases.  Inspection of the figures reveals that it is easier for disruption to 

yield a devoicing error than a voicing error.  Consider the region denoted by the two innermost 

circles.  This entire area falls within the correct region for a voiceless input; in contrast, a 

significant portion of this area of disruption falls outside the correct region for a voiced input.  

As this asymmetry holds for all levels of disruption, errors for voiced inputs are more likely than 

errors for voiceless inputs.  In general, then, if disruption is equally and randomly distributed, it 

will be more likely to produce an error respecting vs. violating harmonic ascent—matching the 

broad empirical patterns reviewed above. 

 

Figure 7.  Consequences of disruption to weights of the smaller Hopfield network (see Figure 5).   

   


