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                  INTRODUCTION 

 Decision making in a confl icting situation is one of the most 
important aspects in our social functioning. A state of simul-
taneous and opposite emotional tone and action tendency, so 
called ambivalence (Raulin & Brenner,  1993 ), often occurs 
in the social situation. Although ambivalence is now consid-
ered to be a normal phenomenon that underlies dilemmatic 
situations in everyday life, it was initially considered to be 
one of the fundamental symptoms of schizophrenia (Bleuler, 
 1950 ) and depression (Freud,  1917 ). Thereafter, different 
researchers have referred to different parts of the defi nition 
in addressing ambivalence in their patients, and the concept 

of ambivalence has been re-evaluated and extended beyond 
schizophrenia and depression (Billig et al.,  1988 ; Sincoff, 
 1992 ). In consequence, epical research has remained limited 
and no study has yet elaborated the neural constructs of 
ambivalence in patients with schizophrenia and patients with 
depression. 

 Another problem inherent in measuring ambivalence is 
the issue that the simultaneous presence of positive and neg-
ative evaluations does not connote subjective ambivalence. 
Positive and negative evaluations can be held compromised 
and therefore ambivalence is more likely to be evoked when 
a dichotomous choice is required (Albertson, Brehm, & Alvarez, 
 2004 ). Previous studies (Keightley et al.,  2003 ; Mitchell 
et al.,  2007 ) indicated that brain activity during processing 
of emotional content is dependent on not only the type of 
stimuli but also the manner in which the stimuli are  processed. 
We previously investigated whether the neural correlates 
involved in evaluative processing of ambivalent stimuli would 
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   Abstract 

 Decision making in an emotionally confl icting situation is important in social life. We aimed to address the similarity 
and disparity of neural correlates involved in processing ambivalent stimuli in patients with schizophrenia and patients 
with depression. Behavioral task-related hemodynamic responses were measured using [ 15 O]H 2 O positron emission 
tomography (PET) in 12 patients with schizophrenia and 12 patients with depression. The task was a modifi ed 
word-stem completion task, which was designed to evoke ambivalence in forced and non-forced choice conditions. 
The prefrontal cortex and the cerebellum were found to show increased activity in the healthy control group. In the 
schizophrenia group, activity in these two regions was negligible. In the depression group, the pattern of activity was 
altered and a functional compensatory recruitment of the inferior parietal regions was suggested. The prefrontal cortex 
seems to be associated with the cognitive control to resolve the confl ict toward the ambivalent stimuli, whereas the 
cerebellum refl ects the sustained working memory to search for compromise alternatives. The defi cit of cerebellar 
activation in the schizophrenia group might underlie the inability to search and consider compromising responses for 
confl ict resolution. ( JINS , 2009, 15, 990–1001.)  
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differ according to the response condition (forced choice  vs.  
non-forced choice) in healthy participants (Jung et al.,  2008 ). 
When forced to make a dichotomous evaluative judgment 
(“good” or “bad”) of an ambivalent stimulus, the orbitofrontal 
cortex and ventrolateral prefrontal cortex were activated to 
resolve a confl ict. In contrast, when a compromise alternative 
(“neither good nor bad”) was available, only the orbitofrontal 
cortex was activated. 

 The purpose of this study was to examine the similarity 
and disparity of the neural correlates involved in confl ict 
resolution during evaluative processing of ambivalent stimuli 
in patients with schizophrenia and patients with depression. 
To address this issue, we took advantage of the word-stem 
completion paradigm (Jung et al.,  2008 ). The word-stem 
completion paradigm is primarily regarded as an example of 
perceptual priming. However, we modifi ed the task by pair-
ing two affectively valenced words with one monosyllabic 
word-stem. The affective valence of words was reported to 
infl uence cognitive processing when explicit memory was 
required in depressed patients (Danion et al., 1995  ), yet pre-
vious studies paired one univalent word (either with positive 
or negative valence) to one word-stem. We expanded this 
paradigm by pairing two univalent words with opposite 
 valence to one word-stem and investigated the response 
pattern to resolve the emotional confl ict when both positive 
and negative valence could be recollected simultaneously. 
It is well known that healthy participants show a negativity 
bias pattern, which refers to a tendency for the negative 
 system to respond more than the positive system when 
emotional evaluative input increased (Ito, Larsen, Smith, & 
Cacioppo,  1998 ). We previously reported that patients with 
schizophrenia demonstrated blunted responses to negative 
emotional stimuli and lacked the ability to make compro-
mise responses to neutral stimuli (Seok et al.,  2006 ), whereas 
patients with depression are known to have enhanced atten-
tion to negative emotional stimuli (Norman, Miller, & Dow, 
 1988 ). Our hypothesis is that negative responses would be 
blunted in patients with schizophrenia, but strengthened in 
patients with depression, when forced to make a dichoto-
mous response toward ambivalent stimuli. In addition, we 
hypothesized that both groups would lack the ability to make 

a compromise, even when compromise responses are available 
as an alternative. Given that the word-stem paradigm has 
been shown to recruit the prefrontal cortex and cerebellum 
(Buckner et al., 1995  ; Desmond, Gabrieli, & Glover,  1998 ) 
and that the prefrontal cortex was demonstrated to be involved 
in processing ambivalent stimuli (Cunningham, Johnson, 
Gatenby, Gore, & Banaji,  2003 ; Jung et al.,  2006 ), these 
 abnormal behavioral responses should be related with a 
distorted activity pattern of the prefrontal-cerebelluar circuit 
in the patient groups.   

 MATERIALS AND METHODS  

 Subjects 

 Participants included three age- and sex-matched groups 
consisting of 12 patients with schizophrenia, 12 patients 
with depression, and 12 healthy participants. Each group 
was composed of seven men and fi ve women. All partici-
pants were right-handed. As shown in  Table 1 , the mean ages 
and mean periods of education were not signifi cantly differ-
ent among the groups. Patients with schizophrenia and 
patients with depression, who were recruited from the 
psychiatric outpatient clinic, fulfi lled the DSM-IV-TR 
(American Psychiatric Association,  2000 ) criteria for their 
respective diagnoses. Exclusion criteria were any lifetime 
history of neurological or signifi cant medical illnesses and 
any past history of substance abuse. Healthy participants 
were recruited from the community through Internet adver-
tisements and screened to exclude cases with any current or 
lifetime history of a DSM-IV axis I disorder. At the time of 
recruitment, all patients had been clinically stable on a fi xed-
dose medication for at least 3 months. The scores of symp-
tom severity were rated to be 48.3 (SD = 14.1) for the Positive 
and Negative Syndrome Scale (Kay,  1987 ) in the schizo-
phrenia group and 34.0 (SD = 9.5) for the Beck Depression 
Inventory (Beck, Steer, & Brown,  1996 ) and 33.8 (SD = 11.1) 
for the Beck Anxiety Inventory (Beck & Steer,  1990 ) in 
the depression group. This study was carried out under the 
guidelines for the use of human participants established 
by the Institutional Review Board. Following a complete 

 Table 1.        Demographic data of participants                

     Healthy control  Schizophrenia  Depression   F / �χ�  2    p      

 Age (years)  24.8 (2.3)  24.6 (3.0)  23.9 (3.2)  0.330  0.721   
 Sex (M/F)  7/5  7/5  7/5  0.000  1.000   
 Education (years)  15.5 (1.9)  13.7 (1.7)  14.5 (1.7)  3.118  0.054   
 Duration of illness (years)  —  3.9 (2.3)  5.0 (4.2)   —    —    
 Beck Depression Inventory  7.7 (4.3)  13.3 (6.0)  34.1 (9.6)  47.626  <0.001   
 Beck Anxiety Inventory  8.4 (5.2)  20.8 (12.0)  33.8 (11.1)  19.547  <0.001   
 Positive and Negative Syndrome Scale   
  Positive  11.1 (3.1)       
  Negative    12.6 (4.4)         
  General    24.7 (7.2)   —    —    —    
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description of the scope of the study to all participants, written 
informed consent was obtained.       

 Task Description 

 The task has been described in detail elsewhere (Jung et al., 
 2008 ). We developed a word-stem competition task using one 
of the characteristics of the Korean language; the majority of 
nouns are disyllabic words, and it is common for disyllabic 
words to share an identical monosyllabic word-stem. We used 
16 monosyllabic word-stems that had no semantic meanings by 
themselves in conjunction with 16 disyllabic word pairs. The 
pairs of disyllabic words were categorized into three groups: 
positive-positive (e.g., “  chin   -jul  [kindness]” and “  chin   -gu  
[friend]”), negative-negative (e.g., “  go   -nan  [suffering]” and 

“  go   -mun  [torture]”), and positive-negative (e.g., “  sa   -lang  
[love]” and “  sa   -mang  [death]”). Consequently, monosyllabic 
word-stem cues were categorized into either a univalent posi-
tive (e.g., [  chin  ]), univalent negative (e.g., [  go  ]) or ambiva-
lent stimulus (e.g., [  sa  ]) group. 

 The task consisted of two phases ( Figure 1 ). In the study 
phase, participants responded by pressing one of two buttons 
to indicate “good” or “bad.” Each word was presented with 
an emotionally congruent background picture that was 
created by modifying photographs from the International 
Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 
 1998 ) to strengthen the subjective feeling. The number of 
good and bad stimuli was equivalent and each stimulus was 
presented for 2700 ms at 300-ms intervals. The stimuli were 
presented randomly and repeated four times. In the test 

  
 Fig. 1.        Modifi ed word-stem completion paradigm. Two words of opposite emotional valence from the study phase were 
designed to be recalled by one word-stem during the test phase. During the non-forced ambivalent condition, participants 
could respond with “good,” “bad,” or “neither-good-nor-bad.” However, during the forced ambivalent condition, participants 
had to make a dichotomous choice between either “good” or “bad.”  a [chin-gu] (friend),  b [chin-jeol] (kindness);  c [oh-yeom] 
(pollution),  d [oh-mul] (sewage);  e [sa-lang] (love),  f [sa-mang] (death);  g [ja-yoo] (freedom),  h [ja-sal] ( suicide).    
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phase, a monosyllabic word-stem was presented on a black 
background, and participants were instructed to “respond ac-
cording to the subjective feeling elicited when trying to com-
plete each word-stem with a word from the preceding study 
phase.” The test phase included four different blocks: (1) a 
non-forced univalent condition (nFU); (2) a forced univalent 
condition (FU); (3) a non-forced ambivalent condition (nFA); 
and (4) a forced ambivalent condition (FA). Each block was 
composed of eight monosyllabic word-stem cues. The fi rst 
two univalent conditions were composed of four positive and 
four negative univalent word-stems, whereas the last two 
ambivalent conditions were composed of four ambivalent 
word-stems together with two positive and two negative 
word-stems. During the non-forced ambivalent condition, 
participants could respond with “good,” “bad,” or “neither-
good-nor-bad” to make use of the compromise response. 
However, during the forced ambivalent condition, partici-
pants had to make a dichotomous choice between either 
“good” or “bad,” and thus had to confront an ambivalent 
situation because two words of contradictory valence were 
recalled by the ambivalent word-stem cue. Each monosyl-
labic word-stem cue was presented for 2700 ms at 300-ms 
intervals and repeated six times. The sequence of the blocks 
was randomized.     

 Before performing the task, the valence of each stimulus 
(disyllabic words and monosyllabic word-stems) was deter-
mined by asking participants to rate on a 5-point Likert scale: 
1 (strong negative), 2 (weak negative), 3 (neutral), 4 (weak 
positive), and 5 (strong positive). Positive words were rated 
to be 4.6 (SD = 0.4) in the schizophrenia group, 3.8 (SD = 0.9) 
in the depression group, and 4.3 (SD = 0.4) in the healthy 
controls, whereas negative words were rated to be 1.4 
(SD = 0.5), 1.7 (SD = 0.5), and 1.5 (SD = 0.2), respectively. 
A signifi cant difference in the mean valence among the 
groups was observed in positive words ( F  = 5.363;  df  = 2; 
 p  = .010), but not in negative words. Meanwhile, mono-
syllabic word-stems were rated to be 3.3 (SD = 0.4), 2.9 
(SD = 0.3), and 3.3 (SD = 0.4), respectively. There was a sig-
nifi cant difference in the mean valence of the word-stem 
( F  = 6.669;  df  = 2;  p  = .004) among the groups (Appendix).   

 Image Data Acquisition and Data Processing 

 Scans were obtained using a Philips GEMINI PET/CT scan-
ner (Cleveland, OH). In each block, an intravenous bolus 
injection of approximately 370 MBq of [ 15 O]H 2 O was given 
in the antecubital vein of the left forearm through an intrave-
nous line. PET data were acquired over a 120-s time period. 
Four scans at 15-min intervals were acquired per participant 
during the test phase, and practicing the study phase took 
place during the interval before each scanning. The correc-
tion for tissue attenuation was based on the data of low-dose 
CT transmission measurements. The acquired images were 
reconstructed using the three-dimensional row-action maxi-
mum likelihood algorithm (3D-RAMLA). List-mode data 
were binned into sinograms, allowing frame durations to 
be determined after acquisition. Images were reconstructed 

based on a time-activity curve using a 20- to 120-s interval. 
Spatial preprocessing and statistical analysis were performed 
using Statistical Parametric Mapping 2 (Department of Neu-
rology, University College of London, London, UK). All re-
constructed images were realigned and transformed into a 
standard Talairach space (Talairach & Tournoux,  1988 ) us-
ing affi ne and non-linear transformation to remove partici-
pant anatomical variability. Spatially normalized images 
were smoothed by convolution with an isotropic Gaussian 
kernel of 10-mm full width at half maximum (FWHM).   

 Statistical Analysis 

 At fi rst, contrasts were generated to test for voxel-wise 
effects of differences between blocks within each group. 
The fi rst contrast, referred to as “non-forced ambivalence,” 
was made by the comparison between the non-forced 
ambivalent condition and the univalent conditions [2nFA – 
(nFU + FU)]. The second contrast, referred to as “forced 
ambivalence,” was made by the comparison between the 
forced ambivalent condition and the univalent conditions 
[2FA – (nFU + FU)]. Because behavioral responses in the 
univalent conditions were quite similar regardless of the 
choice conditions, images of the univalent conditions were 
used collectively to increase the signal-to-noise ratio. Com-
pared with the univalent conditions, relative increases in 
each of the non-forced and forced ambivalent conditions 
were separately counted. The threshold of signifi cance was 
defi ned as exceeding an uncorrected  p  level of .001. After 
within-group comparison, we performed analysis of vari-
ance to make direct statistical comparison of brain responses 
between the three groups for both the “non-forced ambiva-
lence” contrast and the “forced ambivalence” contrast. The 
threshold of signifi cance was defi ned as exceeding an 
uncorrected  p  level of .001. 

  Post hoc      analysis was performed to evaluate the correla-
tions between regional activity. The adjusted mean regional 
activity (Kim et al.,  2005 ) was calculated by averaging val-
ues of the condition-specifi c adjusted rCBF for all voxels 
within the regions of interest (ROIs) corresponding to the 
clusters of signifi cant contiguous voxels identifi ed by the 
within-group comparisons. Percent changes in regional ac-
tivity were calculated with the following formula: 100 × 
(AMBI-UNI)/UNI, in which AMBI was the adjusted mean 
regional activity during ambivalent conditions and UNI was 
the adjusted mean regional activity during univalent conditions. 
Pearson correlations between the percent changes between 
the ROIs were computed in each group. The signifi cance of 
the correlation was accepted when  p  < .05.    

 RESULTS  

 Behavioral Responses 

 To interpret behavioral measures, we defi ned the most com-
mon response of the healthy controls as the accurate one and 
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performed analysis of variance using the diagnosis as a be-
tween-group factor. The behavioral responses are summa-
rized in  Table 2 .     

 During the non-forced ambivalent condition, responses to 
ambivalent stimuli were signifi cantly different among groups 
( F  = 5.645;  df  = 2.33;  p  = .008;  Figure 2A ). The healthy con-
trol group and depression group preferred to make compro-
mise responses. In contrast, the schizophrenia group tended 
to assign a positive valence to ambivalent stimuli and did not 
make use of the compromise option, which is consistent with 
our hypothesis. During the forced ambivalent condition, 
contrary to our expectations, neither blunting of negative re-
sponses nor accentuation of positive responses was observed 
in the patient groups. There was no difference in responses 
to ambivalent stimuli among the groups ( F  = 1.582;  df  = 2.33; 
 p  = .222;  Figure 2B ).       

 Within-Group Analysis  

 Non-forced ambivalence 

 The healthy control group demonstrated increased activity in 
the left orbitofrontal cortex (BA 11) and the cerebellum. The 
schizophrenia group demonstrated increased activity in the 
supplementary motor area (BA 6) and the lingual gyrus (BA 18). 

The depression group demonstrated increased activity in the 
left orbitofrontal cortex (BA 11), left inferior parietal lobule 
(BA 40), and several areas within the cerebellum ( Table 3 ; 
 Figure 3A ).           

 Forced ambivalence 

 The healthy control group demonstrated increased activity in 
the right frontopolar area (BA10), the left orbitofrontal cor-
tex (BA11), the right ventrolateral prefrontal cortex (BA 44), 
the thalamus, and the cerebellum. The schizophrenia group 
demonstrated increased activity in the ventrolateral prefron-
tal cortex (BA 45), the supplementary motor area (BA 6), 
and the anterior cingulate cortex (BA 32). The depression 
group demonstrated increased activity in the supplementary 
motor area (BA 6), the thalamus, and the cerebellum ( Table 3 ; 
 Figure 3B ).    

 Between-Group Analysis  

 Non-forced ambivalence 

 There were signifi cant differences of activity in the prefron-
tal cortex and the cerebellum between the groups ( Table 4 ). 
Activity of the right cerebellum was signifi cantly increased 

 Table 2.        Mean % of responses, according to the stimulus and response conditions                  

   Type of stimuli and responses 

 Non-forced choice condition  Forced choice condition   

 Healthy  Schizophrenia  Depression  Healthy  Schizophrenia  Depression     

  Univalent condition    
 Positive stimulus   
  Missing  0.3±1.1  2.6±7.8  1.9±3.3  0.6±1.4  2.2±7.8  0.8±2.4   
  Good  98.7±3.4  93.6±12.0  95.4±7.0  99.4±1.5  94.6±9.5  97.3±7.3   
  Bad  1.0±3.3  1.9±3.8  2.3±3.7  0.0±0.0  3.2±5.1  1.9±4.9   
  Neither good nor bad  0.0±0.0  1.9±4.8  0.4±1.2  —  —  —   
 Negative stimulus   
  Missing  0.7±1.6  2.1±7.2  0.4±1.3  0±0.0  1.7±6.0  0.4±1.3   
  Good  1.4±2.1  2.8±4.1  5.8±7.1  0.3±1.2  3.5±4.6  3.8±4.6   
  Bad  97.9±2.8  92.4±12.0  93.3±9.3  99.7±1.2  94.8±6.7  95.8±5.2   
  Neither good nor bad  0.0±0.0  2.8±7.4  0.4±1.3  —  —  —   
 Ambivalent condition   
 Positive stimulus   
  Missing  1.3±4.4  4.5±13.3  3.1±9.7  0.7±2.4  0.0±0.0  2.8±8.3   
  Good  93.6±10.8  91.7±17.5  94.6±9.6  99.3±2.4  95.1±9.7  95.4±11.1   
  Bad  1.3±4.4  3.2±5.1  1.5±3.2  0.0±0.0  4.9±9.7  1.9±3.7   
  Neither good nor bad  3.8±7.7  0.6±2.2  0.8±2.4  —  —  —   
 Negative stimulus   
  Missing  1.3±3.0  4.5±11.1  3.8±7.5  0.0±0.0  1.3±4.4  2.6±7.7   
  Good  6.4±11.3  1.9±4.8  0.0±0.0  3.8±6.1  3.2±5.1  5.1±8.6   
  Bad  90.4±18.0  89.7±11.5  93.8±11.9  96.2±6.1  95.5±7.7  92.3±15.4   
  Neither good nor bad  1.9±6.7  4.5±6.1  2.3±5.2  —  —  —   
 Ambivalent stimulus   
  Missing  1.0±1.9  7.3±17.6  2.9±7.9  3.3±9.2  3.3±7.0  1.8±2.9   
  Good  15.3±23.7  43.4±26.9  15.0±23.7  61.3±16.0  61.0±17.3  50.2±12.8   
  Bad  6.3±12.8  22.2±21.1  16.3±28.2  35.3±16.7  35.7±16.7  48.0±14.3   
  Neither good nor bad  77.4±36.8  27.1±32.2  65.8±46.0  —  —  —   
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 Fig. 2.        Behavioral responses to ambivalent stimuli. During non-forced ambivalent conditions (A), the percentage of 
“neither-good-nor-bad” responses was signifi cantly lower in patients with schizophrenia than in the other two groups 
(* p  < .05). During forced ambivalent conditions (B), there was no signifi cant difference between groups.    

in the healthy control group compared with the schizophre-
nia group. Activity of the left frontopolar area (BA 10) was 
signifi cantly increased in the healthy group compared with 
the depression group.       

 Forced ambivalence 

 There were signifi cant differences of activity in the  prefrontal 
cortex and the cerebellum between the groups ( Table 4 ). Ac-
tivity of the right orbitofrontal cortex (BA 11) and the right 
frontopolar area (BA10) was increased in the healthy control 
group compared with the schizophrenia group. Activity of 
the right frontopolar area (BA10) and the cerebellar vermis 
were increased in the healthy control group compared with 
the depression group.    

 Correlations Between Regional Activity Changes 
of the Cerebellum and Orbitofrontal Cortex 

 The mean adjusted percent changes of ROI regional activ-
ity are shown in  Table 3 . During non-forced ambivalence, 
activity changes in the ROI within the right cerebellum 
(x: 30, y: −56, z: −24) demonstrated a dichotomous activa-
tion pattern ( Figure 4A ). In healthy participants, the right 
cerebellum was only activated in participants who made 
compromise responses ( n  = 10) and was not activated in 
participants who did not make compromise responses 
( n  = 2). Among the participants who made compromise 
responses, activity changes of the right cerebellum showed 
signifi cant correlation with those of the left orbitofrontal 
cortex (x: −20, y: 48, z: −26;  r  = 0.683;  p  = .030;  Figure 4B ). 
In the schizophrenia group, signifi cant correlations were 
not observed. In the depression group, there was a correla-
tion trait between activity changes in the ROI within the 
cerebellum (x: 4, y: −62, z: −10) and those within the infe-
rior parietal lobule (x: −56, y: −30, z: 52;  r  = 0.514; 
 p  = .105).        

 DISCUSSION 

 This is the fi rst study to compare behavioral response 
and neural correlates involved in evaluative processing 
of ambivalent stimuli in patients with schizophrenia and 
patients with depression. During the non-forced ambiva-
lent condition, the behavioral responses differed between 
groups, which might be linked with the distorted activa-
tion pattern of the prefrontal cortex and the cerebellum 
demonstrated in the disease groups. During the forced 
ambivalent condition, distorted activation patterns of the 
prefrontal cortex and the cerebellum were evident, but 
there was no signifi cant difference of behavioral response 
between groups.  

 Behavioral Responses 

 During the non-forced ambivalent condition, patients with 
schizophrenia preferred to make dichotomous responses 
between “good” or “bad,” which refl ects the defi cit of con-
sidering a compromise response in ambivalent situations. 
Dichotomous responses refer to a tendency to evaluate expe-
riences in terms of mutually exclusive categories rather than 
to regard experiences as falling along a continuum (Linehan, 
 1993 ). These fi ndings are consistent with the viewpoint of 
Bleuler ( 1950) , who proposed that patients with schizophre-
nia have diffi culty forming an integrated conceptualization 
of both good and bad in a given object. 

 Although there was no signifi cant difference among 
groups in the forced-ambivalent condition, it is notewor-
thy that the healthy participants and the schizophrenia 
 patients followed a pattern of the positivity offset (Cacioppo 
et al., 1999  ; Peeters & Czapinski,  1990 ). This should be 
linked to the fact that we induced emotion by retrieving 
emotional words and pictures rather than presenting them 
directly, therefore the emotional input should have been 
weak.   
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 Confl ict Resolution in Healthy Participants 

 Our fi ndings indicated that the left orbitofrontal cortex was 
recruited to resolve the confl ict during evaluative judgment 
of ambivalent stimuli, regardless of the response condition. 
Numerous studies support the role of the orbitofrontal cortex 
in emotional processing and decision making (Bechara, 

Damasio, & Damasio,  2000 ; Kringelbach,  2005 ; Walton, 
Devlin, & Rushworth,  2004 ). The orbitofrontal cortex has 
been proposed to be most likely activated when there is in-
suffi cient information available to determine the appropriate 
response (Elliott, Friston, & Dolan,  2000 ) and mediate the 
aspect of subjective experience in emotional processing 
(Dehaene, Kerszberg, & Changeuz,  1998 ). 

 Table 4.        Between-group comparison during ambivalent conditions                  

   Region  a    F  Z max   Coordinate (x,y,z)   Post hoc   b       

 Non-forced ambivalent > univalent   
  L. middle frontal gyrus (BA 10)  7.99  3.23  −22  56  10  H > D   
  L. caudate  12.70  4.21  −14  10  10  H > D, S > D   
  R. insula  7.60  3.13  30  6  −14  H > S   
  R. superior temporal sulcus  7.67  3.15  66  −16  −6  D > S   
  L. middle temporal gyrus (BA 21)  8.62  3.38  −50  −24  −12  S > H   
  R. cerebellum  7.62  3.14  12  −86  −50  H > S   
 Forced ambivalent > univalent   
  R. orbitofrontal gyrus (BA 11)  7.49  3.11  14  66  −20  H > S   
  R. superior frontal gyrus (BA 10)  8.23  3.29  24  64  2  H > S, H > D   
  R. postcentral gyrus (BA 43)  9.96  3.68  68  −8  22  S > H, D >H   
  R. superior temporal sulcus  7.54  3.12  66  −10  −12  H > S, D > S   
  L. middle temporal gyrus (BA 21)  10.24  3.74  −48  −24  −10  S > H, S > D   
  L. precentral gyrus (BA 6)  8.55  3.37  −30  −26  70  S > H, D > H   
  Cerebellar vermis  7.55  3.12  0  −76  −46  H > D   

     a   The threshold of signifi cance was defi ned as exceeding an uncorrected  p  level of .001.  
   b   We performed  post hoc  t-test between groups. H = healthy control group; S = schizophrenia group; D = depression group.    

  
 Fig. 3.        Within-group analysis for regions activated and deactivated in the non-forced ambivalent condition (A) and forced 
ambivalent condition (B). Cbllv, cerebellar vermis; Cbll, cerebellum; IN, insula; IP, inferior parietal cortex; OF, orbitofrontal 
cortex; STS, superior temporal sulcus.    
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 Signifi cant correlations between activity of the left orbito-
frontal cortex and the right cerebellum were demonstrated. 
It is feasible to assume that the orbitofrontal cortex and the 
cerebellum were involved as a functional unit. However, it 
must not be overlooked that no direct inter connections be-
tween the orbitofrontal cortex and the  cerebellum have yet 
been found and therefore the “prefrontal-cerebellar circuit” 
usually refers to the lateral prefrontal cortex, not the orbitof-
rontal cortex (Akkal, Dum, & Stick,  2007 ; Kelly & Strick, 
 2003 ). Although functional connectivity suggests structural 
connectivity, functional connectivity can exist in the absence 
of direct, monosynaptic connections and be mediated  via  
multisynaptic connections (Greicius et al.,  2009   ). The lateral 
prefrontal cortex and medial dorsal thalamus were also acti-
vated during ambivalent conditions in healthy participants, 
and we assumed that the functional connectivity pattern be-
tween the orbitofrontal cortex and the cerebellum might be 
mediated  via  the lateral prefrontal cortex or medial dorsal 
thalamus, which have pronounced connections with the orb-
itofrontal cortex (Fuster,  1997 , Öngür & Price,  2000 ), 

 It is interesting to fi nd that the right cerebellum was acti-
vated only during the non-forced ambivalent condition, 
whereas the right prefrontal cortex was activated only during 
the forced ambivalent condition. Desmond et al. ( 1998)  re-
ported that the cerebellum and the prefrontal cortex have dis-
tinct contributions to cognitive processes and suggested that 
the cerebellum is involved in search, whereas the prefrontal 
cortex is involved in selection. Our fi ndings strongly support 
this viewpoint in that the cerebelluar activity, which was acti-
vated only in participants who made compromise responses, 
should refl ect the sustained working memory to search for 
compromise alternatives. Besides, the prefrontal activity seems 
to be associated with the dichotomous selection between posi-
tive or negative during forced ambivalent conditions.   

 Confl ict Resolution and Schizophrenia 

 The ambivalence-related activity in healthy participants (in-
cluding the prefrontal cortex, thalamus, and cerebellum) 
constituted a signifi cant part in the “cognitive dysmetria” hy-
pothesis of schizophrenia (Andreasen et al.,  1996 ), which 
suggests that the disconnection of the prefrontal-cerebellar 
circuit is related to abnormal decision making and defi cits in 
emotional evaluation (Sevy et al., 2007  ; Shad et al., 2006  ). 
Especially, the cerebellum is considered a “metron” that 
monitors the timing of mental and motor activity (Andreasen 
et al.,  1996 ), and is activated during a wide range of cogni-
tive and motor tasks (Allen, Buxton, Wong, & Courchesne, 
 1997 ; Kim et al.,  1999 ). Functional decreases of the cere-
bellum in schizophrenia have been shown during a variety of 
cognitively activating conditions (Crespo-Facorro et al., 
 1999 ). Consistent with this viewpoint, between-group analy-
ses revealed decreased cerebellar activity in patients with 
schizophrenia, which should underlie the inability to search 
and consider compromised responses in non-forced ambiva-
lent situations. Our fi ndings also support the report that 
schizophrenia patients were impaired in the search condition 
rather than the select condition (Marvel, Schwartz, & Issacs, 
 2004 ). 

 The orbitofrontal cortex was not activated in patients with 
schizophrenia; however, other prefrontal activity (BA 6 and 
BA 10) were recruited for forced ambivalent conditions. 
Recently, the authors reported volume defi cits in the orbito-
frontal cortex and orbitofrontal cortex-related thalamic sub-
region using a connectivity-based parcellation technique, 
suggesting that a main component of the pathophysiology 
in schizophrenia may be a cortical-subcortical connectional 
problem including the orbitofrontal cortex (Kim et al., 
 2007 ).   

  
 Fig. 4.        Correlation between the cerebellum and the orbitofrontal cortex . During non-forced ambivalent, the right 
cerebellum (x: 30, y: −56, z: −24) demonstrated a dichotomous activation pattern (A). In healthy participants, the right 
cerebellum was only activated in participants who made compromise responses and was not activated in participants 
who did not make compromise responses. Among participants who made compromise responses, activity changes of 
the left orbitofrontal cortex (x: −20, y: 48, z: −26) showed signifi cant correlation with those of the right cerebellum 
(r = 0.683;  p  = .030; B).    
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 Confl ict Resolution and Depression 

 Although the prefrontal cortex and the cerebellum were acti-
vated in patients with depression, the prefrontal activity was 
weaker and the cerebellar activity was stronger than those of 
healthy control. One interpretation of cerebellar hyperactiv-
ity is that it compensates for decreased prefrontal functions 
as similarly explained in schizophrenia (Kim et al.,  2000 ). 
Besides, we gave attention to the inferior parietal activity, 
which demonstrated correlations with the cerebellar only in 
the depression group. The inferior parietal lobe is involved 
in various cognitive functions such as attention, spatial rep-
resentation, and working memory (Culham & Kanwisher, 
 2001 ) and receives projections from the cerebellum  via  the 
thalamus (Allen et al.,  2005 ; Clower, West, Lynch, & Strick, 
 2001 ). Recently, compensatory recruitment of an alternative 
cortical-subcortical circuit for emotional processing in pa-
tients with depression was reported (Johnstone, van Reekum, 
Urry, Kalin, & Davidson,  2007 ). The parietal lobe might 
have been used by all groups in the task, yet correlations 
between activity changes within the inferior parietal lobule 
and those within the cerebellum indicate that parietal-cere-
bellar connectivity might have been recruited to compensate 
for the disturbed prefrontal-cerebellar circuit in patients with 
depression. The alternative recruitment of the parietal-cere-
bellar circuit should have enabled patients with depression 
to make use of compromise responses in ambivalent situa-
tions. This issue requires study in future research because it 
is not evident whether the parietal-cerebellar circuit under-
lies the pathophysiology of depression or simply serves as a 
“spare tire” for the disturbed prefrontal-cerebellar circuit.    

 GENERAL CONSIDERATIONS 

 The results of this study must be addressed within the con-
text of several considerations. The strength of the current 
study was that PET scans were used as a hemodynamic mea-
surement. If functional magnetic resonance imaging has 
been used, the main fi ndings in the orbitofrontal cortex would 
have been prone to dropout and susceptible to artifacts due 
to its close proximity to the air-fi lled sinuses (Deichmann, 
Josephs, Hutton, Corfi eld, & Truner,  2002 ; Wilson et al., 
 2002 ). A limitation of this study was that we could not com-
pletely rule out the potential confounding effect of medica-
tions because patients were all medicated with antipsychotics 
or antidepressants. To examine the effects of antipsychotic 
medications in patients with schizophrenia, we analyzed be-
havioral response and brain activity after converting all med-
ications to an equivalent dose of chlorpromazine. However, 
there was no signifi cant effect of medications on behavioral 
response and brain activity. We tried to minimize this effect 
using subtraction analysis, which examined differences be-
tween responses to ambivalent and univalent stimuli in each 
group. Another limitation was that, on average, patients with 
schizophrenia were above the cutoff for depressive symp-
toms which should have infl uenced their performance. There 
were no signifi cant correlations between depressive symp-

toms and behavioral responses, but there was a signifi cant 
correlation between depressive symptoms and ratings of 
word-stems in patients with schizophrenia. 

 In summary, the current study began to map the functional 
neuroanatomy of emotional confl ict resolution in ambivalent 
stimuli. In healthy participants, the prefrontal cortex and the 
cerebellum play a key role in confl ict resolution during eval-
uative judgment of ambivalent stimuli. The prefrontal cortex 
activations, which were predominantly activated in forced 
ambivalent condition, should be associated with the cogni-
tive control to resolve the confl ict toward the ambivalent 
stimuli. The cerebellar activations, which were recruited only 
in participants who made compromise responses, refl ect the 
sustained working memory to search for compromise alter-
natives. In patients with schizophrenia, the cerebellum was 
not activated, which should be linked with the patients’ in-
ability to search and consider compromised responses in am-
bivalent situations. In patients with depression, the functional 
compensatory recruitment of the parietal-cerebellar circuit 
was suggested.     
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 Table A.        Comparison of mean valence score  a   of stimuli materials                

   Healthy  Schizophrenia  Depression  F  p     

 Positive disyllabic words  4.3 (0.4)  4.6 (0.4)  3.8 (0.9)  5.363  0.010   
 Negative disyllabic words  1.5 (0.2)  1.4 (0.5)  1.7 (0.5)  1.540  0.229   
 Monosyllabic word-stem  3.3 (0.4)  3.3 (0.4)  2.9 (0.3)  6.669  0.004   

     a   Before performing the task, the valence of all disyllabic words and monosyllabic word-stems was determined using a 5-point Likert 
scale: 1 (strong negative), 2 (weak negative), 3 (neutral), 4 (weak positive), and 5 (strong positive).    
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