
                         
 

 
 

 
 
 

 
 

 

 
 
 
 
 
 
 

 
 
 

Abstract 
AI offers new opportunities to integrate behavioral and neurobiological information for treatment-relevant 

prediction and adaptive intervention. However, a prerequisite is to identify cognitive and neural features that 

capture meaningful variation and are sensitive to clinical change. Real-world environments are dynamic, with 

useful regularities coexisting with uncertainty and change. Adaptive cognition therefore depends on learning 

from experience while flexibly updating attentional priorities and decision criteria. Our work used statistical 

learning and environmental volatility to characterize these processes through behavioral, electrophysiological, 

eye-tracking, network, and computational measures. In MDD, patients showed impaired use of learned 

regularities and altered neural dynamics of attentional control. Subsequent iTBS work showed clinical 

improvement accompanied by changes in evidence accumulation and suppression-related neural activity. 

Together, these findings suggest how AI could refine adaptive cognitive testing, integrate multimodal signals, 

and evaluate treatment-sensitive features, ultimately linking cognitive assessment to response prediction and 

adaptive brain stimulation in depression. 
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