
Many decisions involve comparing external stimuli 
to internal criteria

 Example: Recognition memory 
   Study a list of items, then decide if test items
   are old (studied) or new (not studied)
   
  Memory strength                      How strong should memory                        
         for item                                     be if it was studied?       

      (stimulus)             compared to              (criterion)

But difficult to dissociate stimulus and criterion 
effects based on behavior alone

Criterion-shift produces same bias as stimulus-shift
 Can not use behavior alone to dissociate
  Implications for understanding cognition
   difficult to distinguish bottom-up and top-down
 But might be able to identify distinct neural signatures    
  using neuroimaging

Goals of Present Study                                
 A) Determine whether fMRI can be used to dissociate 
  stimulus and criterion effects

    B) Assess how decision criteria affect decision 
  process

    C) Decompose decision process into:
   1) inputs to decision
   2) calculation and formation of decision
   3) execution of response
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Methods

Perceptual Decision Making                                       
 Decide if object is big or small based on criteria

Experimental Methods                                                             
 List for lines/dots:  3 blocks of 48 trials (1 for each criterion)
 Respond with button press, left/right hand balanced across Ss
 24 subjects: age 18-35 
 Training Session: 4 lists w/feedback 
 Scanning Session: 4 lists no feedback
   
Behavioral Analysis                                                                     
Data fitted with full drift diffusion model (Ratcliff & McKoon, 2008)

Drift rate (decision evidence) for 
18 conditions (6x3):

Stimulus = Si           Criterion = Ri
Drift Rate = Si - Ri
Difficulty = - abs (drift rate)

Imaging Acquisition                                                                        
   GE Signa Excite 3T     38 oblique axial slices     .8mm spacing   (3.4 x 3.4 x 3.8 mm voxels)
   EPI (90o flip angle)        FOV = 22cm                   TR = 2.88 s         TE = 30 ms

Analysis with Fmrib Software Library (FSL; Smith et al., 2004)                             
 Standarad preprocessing steps
 Functional data registered to MNI-152 2mm brain using FNIRT
  
General Linear Model                                                                             
 Nuisance regressors: 
  response time   motion parameters
  error and correct trials (separate for lines and dots)
  
 Regressors of interest (modulated and mean-centered):
 
 1)  Stimulus size (Si):                 
   separate for lines and dots

 2)  Criterion size (Ri):                 
   separate for lines and dots

 3)  Difficulty:                        
   collapsed across lines and dots

 4)  Size relative to button press (R/L):    
   collapsed across lines and dots

Results

Behavioral Data                                                          

   Drift-diffusion model estimates                              

Imaging Results                                                       

Conclusions

 Inputs to the decision process                                 
 (Dependent on type of stimulus)

 Dissociable signals for criteria and stimuli
 
  Stimulus size:  occipital cortex 
   likely reflecting visual properties of stimulus

 
  Criterion size:  L inferior temporal cortex
   representation of objects and physical properties (e.g., Freedman et al., 2003)

 ** fMRI can be used to tease apart stimulus and criterion 
  effects that are indistinguishable in the behavior

   suggests potential methodology for future studies 
   looking to dissociate bottom-up and top-down effects

General decision making systems                              
 (independent of input)

 Downstream systems involved in the stimulus-criterion
 comparison and subsequent accumulation of evidence
 
 Findings largely consistent with previous work

  Greater activation for easier trials
   Intraparietal sulcus, posterior cingulate
    default mode network   (Tosoni et al., 2008)

    evidence accumulation (Hare et al., 2011)

   Left dorsolateral prefrontal cortex
    comparison process (Heekeren et al., 2008)

  Greater activation for harder trials
   Medial frontal gyrus and right superior parietal lobule
    evidence accumulation (Hare et al., 2011; Vickery et al., 2009)

   Right anterior insula
    evidence accumulation and mapping to different
     motor systems (Binder et al., 2004; Ho et al., 2009; Liu & 
            Pleskac, 2011)
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