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ObjectiveaaThis study aimed to investigate the adolescent brain activation patterns in response to performance feedback (PF), social 
reward (SR) and monetary reward (MR) and their association with psychological factors.
MethodsaaFunctional magnetic resonance imaging (fMRI) was performed while middle school boys (n=15) performed tests pertained 
to PF, SR and MR. The brain activation pattern in each condition was investigated, and the extent of brain activation in each of the three 
conditions was compared at once.
ResultsaaThe caudate and the dorsal prefrontal area were activated in all three conditions. Furthermore, the cuneus showed signifi-
cantly greater activation in the PF condition than the SR or MR condition. And the self - related areas, such as the right precentral gyrus 
and paracenral lobule, were more activated in the SR condition than the PF or MR condition. The left middle frontal gyrus was more ac-
tivated in the MR condition than the PF or SR condition.
ConclusionaaNot only various reward stimuli but also feedback stimulus might commonly activate dorsal prefrontal and subcortical 
area in adolescents. Moreover, several different brain activation patterns were also observed in each condition. The results of this study 
could be applied to planning of learning and teaching strategy for adolescents in various ways. Psychiatry Investig 2013;10:47-55
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INTRODUCTION

Of the many characteristics of adolescence, ‘reward seeking 
behavior’ is gaining much attention.1 Reward seeking helps ad-
olescents achieve independence by increasing their desire for 
achievement, but can also cause an obsession with risky beha-
viors, instability or deviations to satisfy immediate pleasure. 
Drug abuse and eating disorders, which appear during adoles-
cence, are also closely related to reward-seeking behaviors.2

Recent studies have used brain imaging to investigate re-
ward-seeking behaviors in adolescents. Galvan et al.3 conduct-

ed a functional magnetic resonance imaging (fMRI) study in-
vestigating the brain activation by reward stimulus in groups 
of normal children, adolescents and adults. This study found 
that adolescents show significantly lower activation of the or-
bitofrontal cortex, which is associated with stimulus control 
and the regulation of emotions, than adults, while the activa-
tion of nucleus accumbens, which is associated with reward 
seeking, was very close to the level of activation in adults. In 
contrast, a study by Bjork et al.4 reported that the anticipation 
for gaining rewards caused greater activation of the right ven-
tral striatum and amygdala in adolescents than in young adu-
lts. Van Leijenhorst et al.5 have reported that the activation of 
the anterior insula was much higher in adolescents than in 
adults when performing a task that cannot accurately predict 
the extent of the reward.

The above studies all used monetary rewards. Monetary re-
ward have also been used frequently in brain imaging studies 
investigating the brain activation by reward stimulus in adu-
lts.6,7 However, monetary reward is just one of the many stim-
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uli that trigger human behavior. Di Chiara and Vanentina8 
have claimed that all stimuli that function as a positive rein-
forcement in motivating individuals could be rewards. Mean-
while, ‘feedback’ is considered to be something that is similar 
to a reward and can act as positive or negative reinforcement. 
Even in real life, adolescents consider other people’s evalua-
tion of their own lives important, and they also modify their 
current study plans through feedback on their test results. 
Some brain imaging studies have also used reinforcements 
other than monetary reward, such as social reward and per-
formance feedback.

Social reward is comprised of social status (e.g., reputation) 
and social assessment (e.g., praise) and provides important 
motivation for an individual’s decision-making and goal-ori-
ented activities. Izuma et al.9 used monetary and social re-
wards (e.g., a good reputation) in an fMRI study on adults, 
showing that both stimuli activated the striatum. Zink et al.10 
have also reported a similar result. A study that compared the 
differences between men and women with regards to mone-
tary and social rewards during ‘anticipation’ found that the 
activation of the mesolimbic brain region of men was far more 
noticeable for monetary rewards than for social rewards, 
whereas women showed activation of the mesolimbic brain 
region in both reward conditions.11

Performance feedback refers to providing objective facts 
(e.g., “correct/incorrect”) about the final outcome of task per-
formance, and using this feedback can help in modifying a 
strategy or decision making. Tricomi et al.12 have reported 
that the bilateral caudate nucleus was clearly activated when 
performance feedback was provided during task perfor-
mance. Moreover, a study by Nieuwenhuis et al.13 reported 
that the rostral anterior cingulate cortex, posterior cingulate 
cortex, right superior frontal gyrus and striatum were activat-
ed when positive feedback (rather than negative feedback) 
was given. A different report found that when evaluative feed-
back (clever/stupid), which is considered a social reward, was 
compared with performance feedback (correct/incorrect), the 
cortical midline structure was activated in response to the so-
cial reward, but no region was activated for the performance 
feedback.14

As mentioned above, various studies investigating rein-
forcements other than monetary rewards are being conducted 
in adults. However, our search results revealed that there are 
few reports that have studied the brain activation patterns for 
social reward and performance feedback in adolescents. In 
particular, no single study has investigated the brain responses 
to monetary rewards, social rewards and performance feed-
back together in adolescents.

Alternatively, reward-seeking behaviors during adolescence 
may also be linked to the psychological characteristics of this 

period in life. Depressive feelings may be one of these charac-
teristics. Pizzagalli et al.15 claimed that depressed individuals 
lose their ability to integrate the reinforced experiences with 
the passage of time when performing a task with the likeli-
hood of a reward, and an fMRI study by Forbes et al.16 also 
reported that children with major depressive disorder have a 
relatively reduced neurological response in the caudate nucle-
us and the orbitofrontal cortex in response to the social re-
ward stimulus of a smiling picture compared to normal chil-
dren. In addition, Narcissism is also one of the important fac-
tors in adolescents. It is divided into ‘overt narcissism’ and 
‘covert narcissism’, in which the former appears as actively de-
manding praise from others and flaunting magnificence, 
while the latter is related to identifying other people’s reac-
tions and avoiding situations in which one might be criticized 
or condemned and thereby protecting oneself.17 Considering 
all of these facts, we believe it would be very meaningful to 
investigate the correlation between the adolescent brain acti-
vation patterns related to rewards or feedback and depressive 
feelings and narcissistic tendencies.

Therefore, we used fMRI to examine the adolescent brain 
responses when asked to perform tasks associated with per-
formance feedback, social reward and monetary reward. Mo-
reover, we wanted to identify what kinds of relationship exists 
between depressive feeling or covert narcissism and the brain 
regions associated with rewards.

METHODS

Participants
The subjects were recruited through advertisements in hos-

pitals and schools targeting male middle school students in 
Cheongju city. The inclusion criteria were as follows: 1) be-
tween 13 and 15 years of age; 2) right-handedness; 3) IQ 
above 80, as determined by the abbreviated IQ test; 4) no his-
tory of head trauma, convulsive disorder, or other major neu-
rological disorders; 5) not suffering from serious medical or 
surgical illness and 6) not affected with psychiatric disorders, 
as determined by interviews using the Kiddie-Schedule for 
Affective Disorders and Schizophrenia-Present and Lifetime 
Version-Korean Version (K-SADS-PL-K).18 Ultimately, 15 
subjects were analyzed. 

This study obtained approval from the Bioethics Commit-
tee at the Chungbuk National University Hospital, and writ-
ten consent forms were obtained after the study objectives 
and methods were fully explained to the study participants.

Behavioral testing
The short-form of the Wechsler Intelligence Scale for Chil-

dren-Revised (WISC-R) was used to assess the intelligence of 
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the study group. This assessment method included 4 subtests 
from the WISC-R, including arithmetic, vocabulary, sequence 
arrangement and block design.19

The assessment of depressive feeling was evaluated using 
the standardized Korean translation20 of Kovacs Children’s 
Depression Inventory (CDI).21 The Covert Narcissism Scale 
(CNS) developed by Gang and Chung22 was used to deter-
mine covert narcissism. This scale, which was designed from 
the study by Akhtar and Thomson,23 has a total of 45 ques-
tions to be answered with the 5 point likert scale. A higher 
score indicates a higher tendency for covert narcissism. The 
CNS is divided into the following sub-factors: 1) insecurity 
about goals, 2) a desire for recognition/grandiose self-fantasy, 
3) exploitation/egocentricity, 4) over-sensitivity/weakness and 
5) timidity/lack of self-confidence. The total CNS score and 
each score for the 5 sub-factors were used in this study.

fMRI implementation plan and data analyses

Experimental stimulus
This study was designed with block condition. The right-

left discrimination test, which was created by adopting the 
task used in the study by Ghandi et al.24 was presented to the 
participants. Galvan1 has claimed that large differences in the 
task completion rates of the subjects of a brain imaging study 
related to rewards make it difficult to distinguish whether the 
brain activation results were indeed related to the rewards or 
whether those differences were due to success or failure in the 
task. Therefore, we selected a very simple task to maintain 
task success rate. The subjects were asked to click on the mo-
use button (left or right) corresponding to the location (left 
or right) of an abstract design that was momentarily shown 
on the monitor screen. E-prime software version 2.0 was used 
for the stimulation. 

Each block corresponded to the situation with performance 
feedback (PF), social reward (SR), monetary reward (MR), or 
no reward (NR). NR block was included as a control condi-
tion. A total of 8 blocks were implemented, including the 2 
blocks that corresponded to each condition. 10 trials were 
conducted for each block, in which an abstract design ap-
peared on the left or right side of the screen. The abstract de-
sign was set to randomly appear 5 times on the left side and 5 
times on the right side, for a total of 10 trials. In addition, 8 
blocks were set to appear randomly. As a safeguard for the 
subjects becoming bored if continuously presented with the 
same stimulus, the research team itself created the abstract 
designs and selected a total of 5 designs to be presented twice 
in each block. Each design was presented once on the left side 
and once on the right. Thus, the condition for all of the de-
signs seen in each block was set to be identical.

The organization of each trial was as follows: right-left dis-
crimination stimulus (200 ms) - blank screen (1,000 ms) - 
word related to rewards (1,300 ms) - screen where a small 
cross appears (500 ms). The subjects were to determine left or 
right with a click of the mouse button at the moment when 
the blank screen appeared after the right-left discrimination 
stimulus, and the reward-related word was presented to the 
subject based on the result. 30 seconds were allotted for each 
block, and the rest period between the blocks was 15 seconds. 
The total amount of time for the fMRI screening was 6 min-
utes and 15 seconds, including the 15 seconds of the dummy 
period.

For each of the 4 conditions (NR, PF, SR and MR), the re-
ward-related words were presented as follows. This method is 
similar to the technique used in the study by Pan et al.:14

1) For NR, the Korean word meaning ‘next’ (‘그다음’) was 
continuously presented after performing the task, regardless 
of the correct answer. 

2) For PF, the Korean word meaning ‘correct’ (‘정답임’) or 
‘right’ (‘맞았음’) appeared when the task was performed cor-
rectly, while the Korean word for ‘next’ (‘그다음’) was present-
ed when the task was performed incorrectly. If all 10 trials 
within one block were performed correctly, then ‘correct’ and 
‘right’ would each be presented to the subject 5 times. 

3) For SR, the Korean word meaning ‘great’ (‘대단해’) or 
‘good’ (‘잘했어’) appeared when the task was performed cor-
rectly, while the Korean word for ‘next’ (‘그다음’) was present-
ed when the task was performed incorrectly. If all 10 trials 
within one block were performed correctly, then ‘great’ and 
‘good’ would each be presented to the subject 5 times. 

4) For MR, the Korean word that corresponds to Korean 
currency [300 won (‘300원’) or 400 won (‘400원’)] appeared 
when the task was performed correctly, while the Korean word 
for ‘next’ (‘그다음’) was presented when the task was perfor-
med incorrectly. If all 10 trials within one block were per-
formed correctly, then ‘300 won’ or ‘400 won’ would each be 
presented to the subject 5 times. 300 won is equivalent to ap-
proximately 0.267 US dollars and 400 won is equivalent to 
approximately 0.357 US dollars. The subjects received the 
amount that corresponds to the total of the correct answers as 
prize money. If all of the performances were correct, 14,000 
won (approximately 12.50 US dollars) could be received. We 
used ‘300 won’ and ‘400 won’ to restrain the calculation of the 
prize money during task performance as much as possible. 
Therefore, we selected combinations in which mental arith-
metic was not relatively easy.

All of the reward-related words were 3-syllable Korean 
words. The reward stimulus presented for the MR condition 
(‘300 won’, ‘400 won’) had to include 3 numbers and 1 syllable. 
However, when these words are actually read in Korean, they 



50  Psychiatry Investig 2013;10:47-55

Reward, Feedback, Adolescent Brain

are read as 3 syllables instead of 4 syllables. 
All of the subjects heard the description of this experiment 

prior to fMRI screening and performed practice task. The de-
scription of this experiment also included the statement that 
the prize money would actually be given based on the results 
from the MR condition. After the description of the experi-
ment, a practice task consisting of 4 blocks was completed. 
The prize money awarded from the results of the MR was not 
paid for the practice task.

fMRI scanning and analyses
The magnetic resonance images were taken using a 3.0 Tes-

la whole-body ISOL Technology FORTE scanner (ISOL Tech-
nology, Korea) at Daejeon KAIST. After the first fMRI scan 
was completed, the T1 anatomical scan was obtained. To pre-
vent possible head-movement artifacts, the subject’s head was 
firmly fixed with a strap across the subject’s forehead that was 
secured by calipers built into the head coil. The stimuli were 
shown to the subject through an LCD projector on the RF coil 
inside the gantry. The blood-oxygen-level-dependent (BOLD) 
technique using the echo planar imaging (EPI) sequence was 
applied during fMRI scanning. The thickness of each image 
slice was 5 mm, and no gap was allowed between the slices. 
The other MR parameters were: TR=3,000 ms, TE=35 ms, flip 
angle=80°, field of view=220×220 mm and matrix=64×64. 
30 slices were obtained through the axial section image. The 
total duration of fMRI scanning was 6 min and 15 sec, so the 
number of EPI volumes per each condition was 60. Further-
more, the MRI parameters in the T1 anatomical scan were: 
TR=2,800 ms, TE=16 ms, flip angle=80°, field of view=192× 
220 mm and matrix=192×256.

The imaging data were analyzed using SPM2 (Wellcome 
Department of Cognitive Neurology, London, UK) software, 
and a general linear model was applied. For motion correc-
tion and co-registration and to identify the anatomical loca-
tion of the functional image, the brain imaging data obtained 
were analyzed using normalization and smoothing processes 
that matched a standard brain template to the image data 
from the experiment. The size of the smoothing kernel was 7 
mm.

In this study, the whole brain analysis was first conducted 
to investigate the regions of brain activation. Clusters that 
passed the voxel-level uncorrected threshold of p<0.001 and 
an extent threshold of 5 contiguous voxels in size were con-
sidered activation regions. After conducting an individual 
level analysis, one-sample t-test was conducted for the group 
analysis. In other words, the relative activation of each region 
was examined for the remaining 3 conditions (PF, SR, MR) 
using NR as the control condition (PF vs. NR, SR vs. NR, MR 
vs. NR). Then, within-subject ANOVA for the brain activa-

tion results from the PF, SR and MR conditions was conduct-
ed to investigate which regions showed significant differences 
in activation during the 3 conditions.

Moreover, the regions that were significantly activated in 
the PF vs. NR, SR vs. NR and MR vs. NR were selected as the 
regions of interest (ROI). The effective values (5 mm radius) 
were extracted from the normalizing image using the Mars-
BaR (http://marsbar.sourceforge.net) toolbox. We extracted 
the beta values for each condition from the individual ROIs 
and then calculated the value of each condition. We ran a cor-
relation analysis to examine the relationship between the CDI 
or CNS scores and the extent of brain activation in each ROI. 

Other statistical analyses
The response accuracy and the average reaction time for 

NR, PF, SR and MR were tested with repeated measures of 
ANOVA. The correlation between the subjects’ CDI or CNS 
scale scores and ROI activation was analyzed using Spear-
man’s correlation analysis with Bonferroni correction. SPSS 
12.0K for Windows was used for the statistical analyses. Be-
cause the number of the ROI was different in each condition, 
the significance levels according to Bonferroni correction 
were as follows; 1) in PF vs. NR, p<0.005, 2) in SR vs. NR, 
p<0.004, 3) in MR vs. NR, p<0.005.

RESULTS

Age, IQ, and psychological characteristics of the 
subjects

The age distribution of all 15 participants was as follows; 1) 
age of 13, n=6, 2) age of 14, n=7, 3) age of 15, n=2. The aver-
age age of the subjects was 13.80±0.86 years, and their aver-
age IQ was 108.93±14.01. All of the subjects were right-hand-
ed, and none of the subjects were smokers or currently taking 
any medications. In addition, there was no case that exceeded 
the clear clinical diagnostic threshold of K-SADS-PL-K.

The CDI score for the subjects was 8.93±4.38 points, with 
17 points being the highest CDI score among the subjects. 
None of the subjects scored more than 21 points, which is the 
cutoff point for suspecting clinical depression in Korean stu-
dents.

The total score for the CNS was 109.73±26.20 points, with 
factor 1=20.87±6.92, factor 2=26.87±6.40, factor 3=18.87± 
5.43, factor 4=23.00±6.50 and factor 5=20.13±6.85.

Comparison of response accuracy and reaction time 
among each of 4 conditions

The accuracy for the right-left discrimination test was 
found to be as follows: NR 99.00%, PF 99.67%, SR 100% and 
MR 99.67%. No statistically significant differences were found 
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between the accuracy for each condition (F=0.189, df=3, 
p=0.903). And, the subjects’ reaction times were 179.67± 
67.95 msec for the NR condition, 175.60±57.49 msec for the 
PF condition, 175.00±63.97 msec for the SR condition and 
163.33±51.19 msec for the MR condition. No statistically sig-
nificant differences in reaction time were identified by the 
ANOVA test (F=1.876, df=3, p=0.148). 

Results of fMRI data analyses

Regions that were activated significantly more in each 
reward condition compared to the NR condition 
(Table 1, Figure 1)

The left superior frontal gyrus (BA 9), the right caudate 
body and the right ventral anterior nucleus of the thalamus 
were activated significantly more in the PF condition than the 
NR condition. The right middle frontal gyrus (BA 46), the 
right postcentral gyrus (BA 3), the right culmen of the cere-
bellum and the right caudate head showed significantly more 
activation in the SR condition than the NR condition. The left 
pulvinar of the thalamus, the right middle frontal gyrus (BA 
10) and the right caudate head showed significantly more ac-
tivation in the MR condition than the NR condition.

ANOVA results for brain activation in the 3 conditions
When the extent of brain activation in each of the three 

conditions (PF, SR and MR) was compared, the region that 
showed significant difference included the right cuneus (BA 
30) only. In case that the cluster criteria were lowered to p< 
0.002 and extent threshold k=5, the regions that showed sig-
nificant differences included the right precentral gyrus (BA 6), 

the left paracentral lobule (BA 31) and the left middle frontal 
gyrus (BA 46). The right cuneus showed greater activation in 
PF condition than in the other two conditions, whereas the 
activation of the right precentral gyrus and the left paracen-
tral lobule in SR condition were significantly higher than in 
the other two conditions. Finally, the activation of the left 
middle frontal gyrus in MR condition was significantly higher 
than in the other two conditions (Figure 2). 

Correlation between the brain activity of significant 
regions in reward conditions and the CDI and CNS 
scores

The regions that were activated significantly higher in each 
reward condition than in the NR condition were considered 
as ROI to examine for a correlation with CDI and CNS scores. 
There was no significant correlation between the degree of 
activation of the ROIs in each condition and each score.

DISCUSSION

The right caudate area was activated in all of the conditions. 
The caudate nucleus is a subdivision of the dorsal striatum 
where dopaminergic nerve terminals are closely distributed. 
The caudate nucleus has been reported frequently as being 
activated in association with monetary rewards,11,25 and a 
broad range of areas in the striatum, including the caudate 
nucleus and the putamen, have been reported to be activated 
in response to stimuli providing social rewards.9,10 Several 
studies have also reported the activation of the caudate nucle-
us in response to performance feedback.12,13 With reference to 
the reward response of adolescents, Van Leijenhorst et al.5 

Table 1. Significantly activated brain regions associated with each reward vs. no reward condition (uncorrected, p<0.001, extent threshold κ=5) 

Location Region X Y Z BA Ke Z value
PF vs. NR

Left Superior frontal gyrus -3 52 29 9 32 3.63
Right Caudate body 17 14 11 N/A 10 3.53
Right Thalamus (VAN) 15 -6 15 N/A 9 3.46

SR vs. NR
Right Middle frontal gyrus 41 23 20 46 9 3.53
Right Postcentral gyrus 22 -36 66 3 5 3.43
Right Culmen 4 -45 0 N/A 10 3.33
Right Caudate head 6 4 -2 N/A 15 3.28

  MR vs. NR
Left Thalamus (pulvinar) -3 -32 8 N/A 5 3.52
Right Middle frontal gyrus 34 36 21 10 6 3.35
Right Caudate head 5 6 0 N/A 6 3.34

The statistical analyses were done by one sample t-test. Coordinates follow atlas by Talairach and Tournoux (1988). PF: performance feed-
back, SR: social reward, MR: monetary reward, NR: no reward, VAN: ventral anterior nucleus, BA: Brodmann area, N/A: not applicable
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proved that the striatum showed a reward-related peak in 
middle adolescence (14- to 15-year-old) in anticipation of 
uncertain outcome. Galvan et al.3 also showed similar results. 
The result of our study suggest that the various rewards might 
activate caudate area in adolescents, especially, regardless of 
the type of reward. 

The left superior frontal gyrus (BA 9) in PF-NR condition, 
the right middle frontal gyrus (BA 46) in SR-NR condition 
and the right middle frontal gyrus (BA 10) in MR-NR condi-
tion correspond to the dorsomedial or the dorsolateral pre-
frontal cortex (DLPFC). Although the BA 9 activation region 
in the PF-NR condition is close to the dorsomedial area, no 
particular difference in the function of the medial and lateral 

areas has been reported for the BA 9 region. Is the activation 
of the DLPFC area also common in the brain response to feed-
back and rewards? Wallis and Kennerley26 suggested that re-
ward signals in lateral prefrontal cortex are consistent with a 
role in using reward to guide other cognitive processes, such 
as the allocation of attentional resources. They also insisted 
that lateral prefrontal neurons encode the association between 
the stimulus and response rather than information about the 
outcome (that is, reward itself). The studies about the DLPFC 
in related with reward task in adolescents were not yet report-
ed. However, considering that the prefrontal region of brain 
undergo a startling transformation in adolescent period (for 
example, synapse pruning) and ‘reward seeking behavior’ is 

Figure 1. Significantly activated brain regions associated with each reward vs. no reward condition (uncorrected, p<0.001, extent threshold 
κ=5). A: lt. superior frontal gyrus. B: rt. caudate body. C: rt. Thalamus (VAN). D: rt. middle frontal gyrus. E: rt. postcentral gyrus. F: rt. caudate 
head. G: rt. middle  frontal gyrus. H: rt. caudate head. I: lt. thalamus. PF: performance feedback, SR: social reward, MR: monetary reward, 
NR: no reward, VAN: ventral anterior nucleus. 
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gaining much attention to adolescents, the noticeable activa-
tion of dorsal prefrontal area for various reward tasks might 
easily occur in adolescents. A follow-up study to investigate 
this assumption seems necessary. 

The thalamic area was activated in both the PF-NR and the 
MR-NR conditions. The thalamus is a structure that is located 
in the center of the brain near the caudate nucleus, accepting 
external stimuli and governing arousal27 rather than logical 
thinking. Our result suggest that the adolescents in our study 
might be little aroused by the social reward such as ‘great’ or 
‘good’. 

The right postcentral gyrus was activated in the SR-NR 
condition only. Several studies in the field of social neurosci-
ence report that this area is related to self-related processing28 
or feelings about oneself.29 Such a response to the SR was also 
found in a previous study on adults.14 The studies about direct 
interaction between the SR and brain response in adolescents 
are not yet reported, but Steinberg30 reported the brain re-
sponse on performing a driving game in adolescents. When 
they performed the game with peer-present condition, the 
medial frontal cortex, left superior temporal sulcus, and left 
medial temporal structure were activated. These areas are re-
lated with self-related processing or theory of mind. This re-
port would be one of the evidence that the brains of adoles-
cents react very sensitively to other people’s assessments about 

them, which are similar with SR. The fact that only the right 
brain area was activated in the SR-NR condition may support 
this belief. The right brain is known to be more closely related 
to the self-referential function than the left brain. 

Meanwhile, there were some differences in the regions that 
were activated for each condition when all reward conditions 
were compared at once. 

In case of the cluster criteria of p<0.001 and extent thresh-
old k=5, the PF condition activated the right cuneus signifi-
cantly more than the other conditions. The cuneus is mainly 
responsible for basic visual processing, but a study found that 
the degree of response inhibition and the volume of the cune-
us showed a positive correlation in bipolar disorder patients31 
and the cuneus has even been reported as one of the regions 
that is also activated by feedback-related tasks.32

In case that the cluster criteria were adjusted to p<0.002 
and extent threshold k=5, another regions that showed some-
what different activation among 3 reward conditions were 
found. First, the SR condition activated the right precentral 
gyrus and the right paracentral lobule slightly more than the 
other conditions. Similar with the postcentral gyrus, the right 
precentral gyrus is a region associated with self-related pro-
cessing, and the right paracentral lobule is also part of the 
cortical midline structure, which is the major self-related area. 
The cortical midline structure was reported to be a region re-

Figure 2. Contrast estimate among PF, 
SR, and MR conditions (A: uncorrect-
ed, p<0.001, extent threshold κ=5). 
B-D: uncorrected, p<0.002, extent 
threshold k=5). A: rt. cuneus (BA 30). B: 
rt. precentral gyrus (BA 6). C: lt. para-
central lobule (BA 31). D: lt. middle 
frontal gyrus (BA 46). Coordinates fol-
low atlas by Talairach and Tournoux 
(1988). PF: performance feedback, SR: 
social reward, MR: monetary reward, 
BA: Brodmann area.
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lated to reward outcome rather than reward anticipation.33 
Second, the MR condition activated the left middle frontal 
gyrus slightly more than the other conditions. This region co-
rresponds to the dorsolateral prefrontal area. Considering 
that the the right middle frontal gyrus in the MR vs. NR con-
dition also showed significant activation in within-subject 
analysis, the activation of bilateral dorsal prefrontal area for 
maintaining attentional resources would be very important 
for performing monetary-related task in adolescents. 

Finally, the correlation between the extent of activation in 
each condition and the psychological characteristics was not 
significant. If the general threshold (that is, p<0.05) without 
Bonferroni correction was adopted, there was a considerable 
result between the degree of right caudate activation and CDI 
score in the MR conditions (r=0.555, p=0.332). However, ac-
cording to Fobes et al.,34 the MR-mediated activation of the 
reward-related brain region was lower in depressed adoles-
cents than in normal adolescents. The fact that the CDI 
scores in our study were all below the clinical cutoff point, 
which is different from the study of Fobes et al., can suggest 
one important idea. That is, the increase of the depressive 
feeling in normal adolescents make their brain respond more 
sensitively to monetary rewards. But, once the depressive 
feeling develops into major depressive disorder, then the 
brain responses related to monetary reward might decrease. 
A follow-up study to investigate this assumption seems 
necessary.

The limitations of this study are as follows.
First, the total duration of fMRI scanning was slightly short. 

If we chose the paradigm that included longer task, the statis-
tical power of our results would be higher. Second, the sample 
size was small, which limits the comparison of various psy-
chological test scales and the extent of brain activation. Third, 
because this study was conducted with block-based design, 
we were unable to observe more detailed brain activation for 
reward anticipation or reward outcome. Fourth, the fact that 
the subjects of this study were early adolescents must be taken 
into consideration.

Despite the above limitations, this study is meaningful in 
that it examined various responses to rewards and feedback 
in adolescents. Not only various reward stimuli but also feed-
back stimulus might commonly activate the caudate nucleus 
and the dorsal prefrontal area in adolescents. The results of 
this study can be applied to planning of adolescent learning 
and teaching at home or school in various ways. Furthermore, 
these results are also expected to be one of the basic reference 
of brain studies investigating reward responses for adolescents 
with psychopathology. We look forward to more sophisticat-
ed reward-related brain research on adolescents in the future.
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