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2005; Mitchell, 2006, 2009). Although the conjunction anal-
ysis for situations (relative to people and objects) revealed 
areas specific to situations (Table 1), the activation for these 
regions was not predicted a priori. Because situations are 
often social (and may include people), we computed an 
additional conjunction analysis comparing [(people > ob-
jects) and (situations > objects)]. This analysis indicated the 
ventromedial prefrontal cortex (t12 = 5.05, P < 0.01; MNI: 
6, 57, −6) and precuneus (t12 = 5.26, P < 0.01; MNI: 6, −57, 
27) were more active for people and situations than objects. 
Thus, it appears that people and situations recruited a sim-
ilar network of brain regions, although the dorsal medial 
prefrontal cortex was active only when thinking specifi-
cally about individual people. 

Main effects of valence

We then examined whether liked and disliked self-gen-
erated stimuli led to activity in the medial and lateral OFC, 
respectively (see Table 2 for a full set of results). As pre-
dicted, areas of medial OFC (BA 11: F1,12 = 23.98, P < 0.001) 
and subgenual cingulate (BA 25: F1,12 = 25.53, P < 0.001) 
showed greater activation to imagined liked exemplars 
than imagined disliked exemplars in both the main effects  

Figure 1. Main effects of category: (a–c) Conjunction results overlaid on the default MNI template, (a) people > (objects and situations), 
(b) objects > (people and situations), (c) situations > (people and objects). (d) Mean activation for each condition in the dorsal medial PFC. 
(e) Mean activation for each condition in the motor cortex. (f) Mean activation for each condition in the inferior temporal lobe. (g) Mean 
activation for each condition in the angular gyrus. 

Table 2.  Main effects of valence

Region 	                                    BA    Side  Voxels     F        X        Y         Z

ANOVA results
�������6�X�E�J�H�Q�X�D�O���F�L�Q�J�X�O�D�W�H��	������	 �/��	 ��������	 ������������	 �²����	 ������	 ��
   Middle OFC 	 11 	 R 		  23.98 	 3 	 39 	 –6
�������,�Q�V�X�O�D���L�Q�I�H�U�L�R�U���I�U�R�Q�W�D�O�����/�2�)�&����	������	 �/��	 ������	 ������������	�²������	 ������	 �²����
   Precentral gyrus 	 6 	 R 	 64 	 19.91 	 45 	 –6 	 45
   Middle temporal 	 39 	 R 	 74 	 18.41 	 48 	 –69 	 24
   Cerebellum 	 n/a 	 R 	 109 	 30.85 	 24 	 –75 	 –36

Conjunction results
�/�L�N�H�G���!���'�L�V�O�L�N�H�G
�������$�Q�W�H�U�L�R�U���F�L�Q�J�X�O�D�W�H��	������	 �/��	 ��������	 ����������	 �²����	 ������	 ����
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�������0�L�G�G�O�H���2�)�&��	 ������	 �/��		  ����������	�²������	 ������	 ��
   Precentral gyrus 	 6 	 R 	 106 	 2.53 	 48 	 0 	 39
   Angular gyrus 	 39 	 R 	 53 	 2.31 	 54 	 –72 	 24
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�������6�X�S�H�U�L�R�U���I�U�R�Q�W�D�O���2�)�&��	������	 �/��	 ������	 ����������	�²������	 ������	 �²��
   Cerebellum 	 n/a 	 R 	 179 	 3.38 	 24 	 –75 	 –36
�������)�X�V�L�I�R�U�P���J�\�U�X�V��	������	 �/��	 ��������	 ����������	�²������	 �²������	 �²����
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ANOVA and conjunction analyses. The difference be-
tween liked and disliked exemplars was similar for each of 
the three thought type conditions and there was no interac-
tion between thought type and valence (Figure 2). Further-
more, we observed a region of left lateral OFC/insula (BA 
47: F1,12 = 28.19, P < 0.001) that was more active to disliked 
than liked objects (Figure 3). An additional region of lateral 
OFC (BA 11) was identified in the conjunction analysis that 
showed greater activation for disliked than liked exem-
plars (t12 = 2.48, P < 0.01) that was only marginally signifi-
cant (P < 0.005) in the ANOVA using our a priori criterion. 
As with the medial OFC, this difference in activation for 
disliked compared with liked representations was found 
for each of the three thought types and there was no inter-
action of thought type by valence. This pattern of data is 
consistent with work showing a medial/lateral distinction 
in OFC activity, with lateral regions being associated with 
the monitoring of potential punishers and medial regions 
being associated with representing the value of potential 
rewards. Lowering the threshold to P < 0.005 or decreasing 
the cluster size threshold did not result in additional mean-
ingful activations. 

Although these results are consistent with the idea 
that the same areas of medial and lateral OFC are in-
volved in the representation of positive and negative 
valence for self-generated stimuli as for externally pre-
sented stimuli, without a within-subjects conjunction 
these analyses cannot determine conclusively whether 
the same regions are involved. To provide additional 
support for our hypothesis, we conducted secondary 
analyses of medial and lateral OFC using regions ex-
tracted from a study in which participants responded 
to gambles and received rewards and punishments as a 
function of their behavior (Cunningham et al., 2009). This 
particular study was selected because the coordinates 
for reward and punishment were similar to other rein-
forcement studies and because the data was collected on 
the same Siemens 3T Tim Trio scanner. Region of inter-
est masks were defined as 6 mm spheres around MNI: 
12, 48, −6 for medial OFC and MNI: −30, 27, 0 for lat-
eral OFC. Replicating the primary results of this study, 
greater medial OFC activation was found for liked than 
disliked exemplars (F1,12 = 6.81, P < 0.05) and greater lat-
eral OFC activation was found for disliked than liked 

Figure 2. Main effects of valence: (a) ANOVA results for main effects of valence in medial OFC, (b) conjunction analysis for liked objects, 
people and situations (> disliked objects, people and situations; red = P < 0.05, yellow = P < 0.01), and (c) mean activation for each condi-
tion in the medial OFC. 
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exemplars (F1,12 = 5.17, P < .05), and there were no inter-
actions of valence and category for either medial (F2,24 = 
0.02, P = .983) or lateral OFC (F2,24 = 0.19, P < 0.83). 

Interaction effects

At the a priori thresholds, we found no interactions 
between valence and category in any of our whole brain 
analyses. However, because of our relatively small sam-
ple size, it is possible that effects existed below our rel-
atively conservative thresholds. To test for this possibil-
ity, we dropped our statistical threshold to P < 0.01. At 
this very liberal threshold, we found eight clusters that 
had significant interactions with cluster sizes greater 
than 10 contiguous voxels. However, plotting of each of 
these effects did not reveal any theoretically meaningful 
or readily interpretable patterns. Thus, these results sug-
gest that although activation of the category represen-
tations involved distinct brain regions, when it came to 
the representation of evaluation, a common network was 
used. 

Nucleus accumbens and amygdala

In addition to OFC, research on evaluation has suggested 
that limbic areas are often involved when needing to make 
predictions about stimuli. Specifically, regions of nucleus 
accumbens (Nacc) and amygdala often are found in stud-
ies when participants need to retrieve information regard-
ing the value of a presented stimulus (see Cunningham and 
Zelazo, 2007 for a review). Interestingly, neither of these re-
gions was found in our primary analyses when participants 
self-generated liked and disliked exemplars. To examine 
these regions more closely, data for each condition was ex-
tracted from 6mm spheres around right and left Nacc (MNI: 
±9, 21, −3) and amygdala (MNI: ±24, −3, −18). Consistent 
with research showing that Nacc is associated with reward 
processing, results indicated that right Nacc (±9, 21, −3) 
showed greater activation to liked than disliked stimuli (F1,12 
= 9.95, P < 0.01). Left Nacc showed a similar effect, though 
only at marginal levels of significance (F1,12 = 4.67, P = 0.052). 
No effects of valence were found for either right (F1,12 = 1.45, 
P = 0.252) or left amygdala (F1,12 = 0.70, P = 0.418). 

Figure 3. Main effects of valence: (a) ANOVA results for main effects of valence in lateral OFC, (b) conjunction analysis for disliked ob-
jects, people and situations (> liked objects, people and situations; blue = P < 0.05, light blue = P < 0.01), (c) mean activation for each con-
dition in the lateral OFC (BA 47) and (d) lateral OFC (BA 11). 
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