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 Supplemental Data Analyses 

ROI Analyses: Recognition under Incentives 

Left Caudate Nucleus  

HITs > CRs pattern obtained during standard recognition (No-Incentive) was amplified 

during the HIT-Incentive run, even when restricting consideration to trials without feedback 

(Suppl. Fig. 1A & B; light grey & white bars).  This was confirmed via a significant two-

way interaction between Incentive Condition (No-Incentive, HIT-Incentive) and Response 

Type (HITs, CRs) (F(1,18) = 18.11, MSe = 1.41, p < .001).  Second, the left caudate 

response to HITs > CRs during incentive runs completely tracked the external incentives 

and not the item’s memory status, even in the absence of feedback (Suppl. Fig. 1B & C; 

light grey& white bars).  This was confirmed by a two-way interaction across Incentive 

Condition (HIT-Incentive, CR-Incentive) and Response Type (HITs, CRs) that revealed a 

full crossover (F(1,18) = 43.95, MSe = 1.83, p < .001), with CRs now eliciting greater 

activation than HITs during the CR-Incentive run (t(1,18) = 3.21, p < .01).  Finally, the 

caudate was sensitive to the presence of feedback, which amplified the response of 

incentive concordant responses.  Thus HITs followed by feedback elicited greater 

activation than HITs without feedback during the HIT-Incentive run (t(1,18) = 3.93, p < 

.001; Suppl. Fig. 1B dark grey & light grey bars) and CRs accompanied by feedback 

yielded greater activation than those without feedback during the CR-Incentive run (t(1,18) 

= 2.70, p < .05; Suppl. Fig. 1C black & white bars).  Thus the left caudate response was 

governed primarily by incentives and not the memory status of the probe suggesting the 

region tracks the motivational significance of the decision. 
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Right Caudate Nucleus  

In the Hit-Incentive recognition scan the activation difference in the right caudate ROIs 

(Suppl. Fig. 2) were amplified with HITs compared to the case in No-Incentive scan, when 

restricting consideration to trials without feedback (panels A & B).  A two-way ANOVA 

with factors of Incentive Condition (No-Incentive, HIT-Incentive) and Response Type 

(HITs, CRs) revealed significant interactions (F(1,18) = 12.48, MSe = 1.50, p < .005).  

Again, the goal-related response in right caudate ROIs was further investigated during the 

incentive runs.  A two-way ANOVA revealed a full cross over interaction between 

Incentive Condition (HIT-Incentive, CR-Incentive) and Response Type (HITs, CRs) 

(F(1,18) = 35.80, MSe = 1.99, p < .001), suggesting that the response completely tracked 

the incentive-related goals and were insensitive to the memory status of the probe as in the 

left caudate.  In the right caudate CRs yielded prominent responses compared to HITs 

(t(18) = 3.63, p < .005), and this pattern was different than the HIT-Incentive run.  In the 

right caudate there was an increased response during the Feedback versus No-Feedback 

trials for the incentivized response type (t(18) = 5.32, p < .001, HITs in HIT-Incentive run; 

t(18) = 2.77, p < .05, CRs in CR-incentive run).     

 

Body of Caudate Nucleus  

In the unbiased F the caudate maxima (head of caudate - Bold, Table 1B) were not 

completely overlapping with the caudate maxima implicated during the standard 

recognition runs, which tended to be more posterior and in the body of the caudate (Bold, 
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Table 1A).  Given this we also extracted data from the body of the caudate in the F contrast 

to see if the response was similar or dissimilar to that in the head of the caudate.  The mean 

betas extracted from the body of caudate nucleus ([-10, 6, 18], Table 1B) demonstrated an 

analogous patterns to the ROIs analyses above (Suppl. Fig. 3).  First, the HITs > CRs 

pattern during standard No-Incentive recognition was amplified during the HIT-Incentive 

run, when restricting consideration to trials without feedback (Suppl. Fig. 3A & B; light 

grey & white bars).  This was confirmed via a significant two-way interaction between 

Incentive Condition (No-Incentive, HIT-Incentive) and Response Type (HITs, CRs) 

(F(1,18) = 13.08, MSe = 0.50, p < .005).  Second, a two-way ANOVA with factors of 

Incentive Condition (HIT-Incentive, CR-Incentive) and Response Type (HITs, CRs) 

revealed a cross over interaction (F(1,18) = 34.18, MSe = 0.65, p < .001) (Suppl. Fig. 3B & 

C; light grey & white bars), with CRs eliciting relatively greater activation compared to 

HITs (t(1,18)=2.06, p = .054).  Finally, the caudate was sensitive to the presence of 

feedback, which amplified the response of incentive concordant responses.  HITs followed 

by feedback elicited greater activation than HITs without feedback during the HIT-

Incentive run (t(1,18) = 2.55, p < .05; Suppl. Fig. 3B dark grey & light grey bars) and CRs 

accompanied by feedback yielded greater activation than those without feedback during the 

CR-Incentive run (t(1,18) = 2.22, p < .05; Suppl. Fig. 3C black & white bars).  The finding 

suggests that the activation in more dorsal region of caudate also tracks the motivational 

significance of the recognition decisions. 
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Posterior Responses to Incentive Manipulation 

Although striatum and rostrolateral PFC were the primary targets of the study, the incentive 

manipulation yielded a prominent and unexpected pattern in lingual gyrus that differed 

qualitatively across the hemispheres.  Again, this analysis focused on trials in which no 

feedback was provided, in order to compare the findings to the standard recognition 

condition.  During the Hit-Incentive condition there was a prominent activation difference 

during HITs > CRs.  This was a large amplification of a similar activation that was present 

under the No-Incentive condition (Suppl. Fig. 4).  In contrast, under the CR-Incentive 

condition there was no differential response in left lingual gyrus, but instead a large 

differential response in right lingual gyrus, which now demonstrated a prominent response 

for CRs compared to HITs (Suppl. Fig. 4), an amplification of the pattern observed in this 

region during standard recognition.  Overall this finding suggests that the lingual gyrus is 

sensitive to the memory status of the probes, with the left showing a greater response to 

familiar items and the right showing a greater response to novel items.  The presence of 

monetary incentives appears to amplify the incentive consistent response at the expense of 

the other.  Although the left lingual gyrus response has been documented in prior verbal 

recognition studies (Henson et al., 2005; Hornberger et al., 2006), the right pattern has not, 

presumably due to a lack of power and the absence of incentives for new item detection.  

This pattern suggests hemispheric specialization in the lingual gyrus to episodically 

familiar versus novel words. 
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The inspection of error trials and goal-dependent account 

If the caudate response tracks the correspondence between judgments and goals, and does not 

reflect the quality of retrieval evidence, then the erroneous responses should show the same 

pattern as the correct trials, namely an increased response for goal consistent judgments.  In 

contrast, if the striatal response reflects the diagnostic strength of evidence then it should be 

higher for correct versus incorrect responses because correct responses are necessarily 

associated with less ambiguous memorial evidence.  To ensure sufficient trial counts for stable 

estimates for the error trials, the data had to be collapsed across the feedback manipulation. 

Incorrect “Old” responses (FAR), even though low in number and hence noisier than correct 

trials, elicited striatal responses comparable to HITs during both the No-Incentive (t(18) = .39, 

p = .70) and HIT-Incentive runs (t(18) = .95, p = .35).  Likewise, incorrect ”New” responses 

(MS) during CR-Incentive run yielded the similar activation levels as the CR trials (t(18) 

= .1.56, p = .14) (Suppl. Fig. 5).  Thus the goal consistent pattern shown in correct responding 

(Fig. 3) transfers to erroneous responses supporting the conclusion that it is the correspondence 

between the observers judgments and a priori goals that drives the activation, not the quality of 

mnemonic evidence.  

 

Reaction time  

The pattern of behavioral data suggests that confidence was diminished and reaction time 

slowed whenever a report was inconsistent with the incentive condition.  The reaction time 

pattern is somewhat at odds with a recent magnetoencephalographic (MEG) study by 

Bunzeck and colleagues (2009) where incentives were also selectively linked to either 

“old” or “new” recognition reports, although the response options in that design framed the 
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task as one of “preferences” in light of the incentive structure.  In that study a group 

receiving incentives responded more quickly on average than a group performing standard 

recognition in the absence of incentives.  Our findings partially replicate this because 

responding during the incentive conditions was quicker than that during the initial No-

Incentive condition (Suppl. Table 1).  However, whether a response was congruent or 

incongruent with the potential incentive did not affect reaction times in Bunzeck et al. 

(2009).  Additionally, unlike the striatal response in the current study, there was no MEG 

correlate that demonstrated a greater signal for incentive-congruent versus incongruent 

responses independently of the memory status of the items.  The reason for these 

differences is unclear, however, the performance of the participants in Bunzeck et al (2009) 

was notably higher (d’ > 2 in all conditions) than in the current study, the materials were 

different (pictures), confidence was not assessed, the incentive structures were somewhat 

different, and feedback was not provided.  Given this, and the different imaging 

methodology, we refrain from further comparisons across the studies. 



 

 7

Supplemental Figure Captions 

Supp. Figure 1.  The mean and standar errors of the parameter estimates extracted from the left 

caudate ROI. FB denotes feedback condition and NF denotes no-feedback condition. 

Supp. Figure 2. The mean and standar errors of the parameter estimates extracted from the right 

caudate ROI.  

Supp. Figure 3. The mean and standar errors of the parameter estimates extracted from the body 

of caudate nucleus. 

Supp. Figure 4. The mean and standar errors of the parameter estimates extracted from left 

(upper panel) and right (bottom panel) lingual gyrus ROIs.  

Supp. Figure 5. The mean and standar errors of the parameter estimates extracted from bilateral 

caudate ROIs. HIT = hits, CR = correct rejections, MS = misses, FAR = false 

alarms.  Note that the data were collapsed across the feedback manipulation to  

ensure sufficient trial counts for stable estimates during errorneous trials.  
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Supplemental Table 1. Behavioral summary 

 No-Incentive HIT-Incentive CR-Incentive 
d’ 1.21 (.38) 1.01 (.73) 1.10 (.47) 
c .05 (.26) .19 (.38) .10 (.35) 

Confidence (Low = 1, High = 2) 
HIT 1.51 (.16) 1.50 (.29) 1.35 (.20) 
CR 1.40 (.14) 1.24 (.19) 1.43 (.26) 

Reaction time (ms)      
HIT 1514 (219) 1268 (215) 1440 (272)
CR 1618 (256) 1303 (192) 1336 (312)

Response rate by confidence 
High HIT .37 (.15) .30 (.19) .24 (.14) 
Low HIT .33 (.09) .31 (.20) .43 (.12) 
High FAR .07 (.05) .07 (.09) .06 (.08) 
Low FAR .20 (.07) .19 (.11) .22 (.10) 
High CR .30 (.13) .19 (.15) .32 (.23) 
Low CR .43 (.10) .54 (.14) .40 (.21) 

High MIS .19 (.09) .07 (.05) .11 (.14) 
Low MIS .23 (.10) .32 (.18) .22 (.12) 

Post-scan HITs   0.80 (.07) 0.85 (.10) 
Values in parentheses indicate standard deviations.   
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Supplemental Figure 1. 
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Supplemental Figure 2.  
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Supplemental Figure 3. 
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Supplemental Figure 4. 
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Supplemental Figure 5. 

 


