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ObjectiveaaThe aim of this study is to investigate abnormal findings of social brain network in Korean children with autism spectrum
disorder (ASD) compared with typically developing children (TDC).
MethodsaaFunctional magnetic resonance imaging (fMRI) was performed to examine brain activations during the processing of emotional faces (happy, fearful, and neutral) in 17 children with ASD, 24 TDC.
ResultsaaWhen emotional face stimuli were given to children with ASD, various areas of the social brain relevant to social cognition
showed reduced activation. Specifically, ASD children exhibited less activation in the right amygdala (AMY), right superior temporal
sulcus (STS) and right inferior frontal gyrus (IFG) than TDC group when fearful faces were shown. Activation of left insular cortex and
right IFG in response to happy faces was less in the ASD group. Similar findings were also found in left superior insular gyrus and right
insula in case of neutral stimulation.
ConclusionaaThese findings suggest that children with ASD have different processing of social and emotional experience at the neural
level. In other words, the deficit of social cognition in ASD could be explained by the deterioration of the capacity for visual analysis of
emotional faces, the subsequent inner imitation through mirror neuron system (MNS), and the ability to transmit it to the limbic system
Psychiatry Investig 2015;12(1):37-45
and to process the transmitted emotion.
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biological disorder that shows symptoms of qualitative impairment of social interaction. ASD is characterized by core symptoms such as persistent deficits in social communication and
social interaction across multiple contexts, and restricted repetitive patterns of behavior, interests, or activities.1 The fact
that the most fundamental phenotype of ASD is the qualitative
impairment of social interaction is a commonly derived clinical viewpoint, and for the past 30 years, various brain imaging
studies including functional magnetic resonance imaging
(fMRI) have been performed as part of the efforts to investigate the neural correlates of social deficits in ASD.
Among the results of fMRI studies, which go beyond simply
evaluating a brain in terms of structure and actually evaluate
the function of each brain region, enabling “in vivo investigation,” one of the most persuasively replicated results is the abCopyright © 2015 Korean Neuropsychiatric Association 37
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normality in the so-called “social brain area”.2,3 The social brain
area includes the superior temporal sulcus (STS) and its adjacent areas, such as the middle temporal gyrus (MTG), fusiform gyrus (FG), amygdala (AMY), medial prefrontal cortex
(MPFC), and inferior frontal gyrus (IFG). It is known that the
social brain area plays an important role in social cognition,
which is the accumulation of cognitive processes required to
comprehend and interact with others.4,5 Many previous fMRI
studies have found that the ASD patients group showed hypoactivation of the social brain area compared to the healthy
control group. The regions of the social brain area that showed
abnormalities were different depending on the field of social
cognition on which each study put a particular emphasis (e.g.,
emotional face processing, theory of mind, mentalizing ability,
etc.) and depended on the characteristics of the task used in
each study.3,6-8
To relate and understand the social deficit of ASD (i.e., clinical features) and the findings of brain imaging studies, a series
of basic processes of appropriate social interaction with another person, which are qualitatively deficient for ASD patients,
need to be simplified. The first step is to recognize the emotion
on the facial expression of another person. The next step is to
experience and share the emotional states of another person
by imitating and reproducing the recognized emotion within
one’s own mind, which is called “empathic process.” In this regard, the concept of “empathy” can be defined as “an affective
state, caused by sharing of the emotions or sensory states of
another person”.9 The next step following the empathic process
is to take the perspective of another person, to understand the
basic situation and intention of another person that induced a
certain emotion or behavior, and to predict and perform appropriate responses. This is called “mentalizing process,” and is
essential for successful social interaction.10,11
The neural correlates that are known to be related with the
key processes of social interaction mentioned above (i.e., empathy and mentalization) are included in the social brain area
that showed abnormality in the imaging studies of ASD patients. Specifically, emotional face perception, which is the first
step in understanding the inner world of another person, is a
complex visual process that accompanies the activation of anterior limbic regions (e.g., AMY) and other cortical regions
(e.g., STS and cingulate) as well as the activation of FA, which
is the face-selective region and is essential for the encoding of
face traits and identity.12 STS is known to play a role in the visual analysis of dynamic aspects, particularly changeable aspects such as expression. In the next step, for empathy with the
recognized emotion of another person, it is essential to perform a simulation process for the behavior and emotion of another person through the mirror neuron system (MNS). In
other words, when we look at another person who expresses a
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certain emotion, we go through an inner imitation process by
the activation of our MNS, and thus we can feel the emotion
that another person feels, “as if we experienced the emotion”.13,14
This MNS is also included in the region of the IFG of the social brain area. Furthermore, mentalizing is the ability to infer
the intention behind the behavior of another person and to
predict the “mental states” of another person. The regions
which have been repeatedly identified as the neural correlates
relevant to mentalizing based on the fMRI studies using various paradigms are pSTS/TPJ, temporal pols, and MPFC,10,11
which are also included in the social brain area.
The purpose of the present study was to analyze and compare the brain activation pattern of Korean children with ASD
with that of typically developing children (TDC), using fMRI
technique, during the performance of emotional face perception tasks. Based on the results of previous studies with ASD
patients, it was hypothesized that the various regions of the social brain area of the children with ASD, who had a qualitative
impairment of social interaction, would show less activation
than those of TDC.

METHODS
Participants

Children with ASD and TDC were recruited from a child
and adolescent psychiatric clinical group and from a community epidemiological study in the city of Goyang in South Korea.15 We initially enrolled and scanned 48 children (38 boys,
10 girls), but 5 boys and 2 girls met at least one exclusion criterion. One patient had neurofibromatosis, another had arachnoid cyst, 3 had intellectual disability, and 2 had previous seizures. Accordingly, we analyzed the data of 17 children with
ASD (16 males and 1 female) and 24 children in the TDC
group (17 males and 7 females). Nine of the patients with ASD
were recruited from a clinical setting, and eight were enrolled
from an ongoing epidemiological study. Eight of the patients
with ASD from the clinic were being treated with methylphenidate for 27 to 170 days, and one was treated with atomoxetine for 27 days. One boy taking methylphenidate was also
treated with valproic acid for 68 days prior to scanning. All
participants from the epidemiological sample were medication-naive.
All TDC were recruited from a community epidemiological
study15 and were screened by two child and adolescent psychiatrists with assessments including an intensive interview and a
psychological evaluation. Out of 30 children recruited, 6 were
found to have ADHD (n=3), intellectual disability (n=2), and
arachnoid cyst (n=1) during the brain imaging. Therefore, 24
TDC were included in the final analysis.
There were no significant differences in age (ASD; 10.89±
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2.06, TDC; 10.18±2.04) and intelligence (ASD; 112.67±12.73,
TDC; 112.54±11.62) between the two groups. But there were
a relative deviation in sex ratio (ASD; 16 males and 1 female,
TDC; 17 males and 7 females) between the two groups. Table 1
summarizes the demographic data of the two groups.
In the first selection step for diagnosing ASD, the Autism
Spectrum Screening Questionnaire (ASSQ)16 (Korean version
is in the process of standardization) was used (cut off; 13
point). In the next step, using the Autism Diagnosis InterviewRevised-Korean version (ADI-R)17 and Autism Diagnostic
Observation Schedule-Korean version (ADOS),18 two certified
raters who were skilled at using these tools, made a final diagnosis. Among the children diagnosed with ASD, patients from
the age of 6–12 with an intelligence quotient of more than 80
(Korean Educational Development Institute-Wechsler Intelligence Scale for Children-revised-III; KEDI-WISC were used)

were selected as the final subjects, and children without any
child psychiatric disorder were matched as the normal control
group. Exclusion criteria for the ASD group were 1) a past or
present history of brain damage or convulsive disorder; 2) intellectual disability or specific language impairment; and 3)
comorbid child and adolescent psychiatric disorders based on
DSM-IV-TR.
The Schedule for Affective Disorders and Schizophrenia for
Children-Present and Lifetime Version-Korean Version (KSADS-PL-K)19 which is a semi-structured interview schedule,
was performed on all the research participants, and those who
were diagnosed with comorbid psychiatric disorders were excluded from the study.
The Social Responsiveness Scale (SRS)-Korean version
which is a 65-item rating scale that quantifies the presence and
severity of autism symptoms, was also performed on all the

Table 1. Demographic and neuropsychological data of the subjects

ASD (N=17), mean±SD

TDC (N=24), mean±SD

p

Sex
Female/Male (%)

7/17 (41.17)

0.064

10.89±2.06

10.18±2.04

0.250

Verbal IQ

115.13±10.13

111.33±12.90

0.337

Performance IQ

106.40±16.21

110.88±11.25

0.538

Total IQ

112.67±12.73

112.54±11.62

0.717

Omission error

53.00±11.13

49.00±9.17

0.078

Commission error

61.33±20.80

49.95±8.35

0.059

Age

1/16 (6.25)

IQ

Continuous Performance Test (visual) T-scores

Reaction time

52.47±17.23

54.33±10.20

0.891

Reaction time SD

68.13±26.54

54.33±9.72

0.0044*

55.24±1.25

55.07±3.10

0.932

HC (cm)
Handedness
Left/Right (%)

1/16 (6.25)

1/23 (4.16)

0.802

75.00±41.01

26.73±18.48

0.002*

Social

16.31±6.62

-

-

Communication

12.31±4.22

-

-

Repetitive behavior

4.50±2.50

-

-

Birth threshold

2.19±1.42

-

-

Communication

3.06±1.12

-

-

Social

8.75±2.17

-

-

Creativity

1.00±0.63

-

-

Restrictive behavior

2.06±1.12

-

-

Total SRS score
ADI-R-K

ADI-R-K

The statistical analyses were done by independent t-test. *p<0.05. ASD: autism spectrum disorders, ADI-R-K: autism diagnosis interview-revised-korean version, ADOS-K: Autism Diagnostic Observation Schedule-Korean version, HC: head circumference, SD: standard deviation,
SRS: Social Responsiveness Scale, TDC: typically developing children
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participants. The SRS makes a singular scale score that serves
as an index of severity of social deficits in the ASD.20 For the
SRS scores, the ASD group (75.00±41.01) showed significantly
higher value than the control group (26.73±18.48) (Table 1).
To quantitatively measure inattention (omission errors) and
impulsivity (commission errors), the Continuous Performance
Test (CPT) was performed on all the participants. For the CPT,
the standard deviation of the visual reaction time was significantly higher in the ASD group (68.13±26.54) than in the
control group (54.33±9.72) (Table 1).
The present study was approved by the institutional review
boards for research with human subjects at the University
Hospital where the present study was performed and at the
Gachon Neuroscience Research Institute in Incheon, South
Korea, where all the subjects were scanned. All the subjects
and their parents were given a full description of the study, and
gave prior written informed assent and consent.

Experimental paradigm & data acquisition

Brain fMRI images were acquired using the 1.5 Tesla (Avanto, Siemens) instrument at the Neuroscience Research Institute, Gachon University of Medicine and Science.
In terms of the paradigm used in the present study, three
categories of emotional face pictures (happy, fearful, and neutral) were shown to the subjects, and the brain activities of the
subjects were observed and compared between the ASD group
and the control group, while they were passively observing the
pictures. The emotional face stimuli for each category were
presented as a ‘block’ unit. In a block, each emotional face picture was shown for 2 seconds (a blank screen was shown for 1
second immediately after the picture), and six emotional face
pictures were shown per block (Figure 1).
The participants were instructed to distinguish the gender of
the faces rather than identify the expression of the faces, and

Fear

Happy

the emotional face stimuli used in the experiment were taken
from the standardized data bank of the International Affective
Picture System (IAPS).21

fMRI data analysis

The functional data and anatomical data were analyzed using the Brain Voyager QX software (Brain Innovation, Maastricht, The Netherlands). The preprocessing of the functional
data included slice scan time correction, 3D-motion correction, linear trend removal, and high-pass filtering. After the
preprocessing steps, the data were co-registered with the anatomical data, which were transformed to Talairach space. The
data were analyzed using random-effect GLM and ANOVA
analysis, which were incorporated into BrainVoyager QX. All
the data were beta values in each voxel. After the random-effect GLM analysis, all the extracted data were analyzed using
two-way ANOVA with stimulus factor (happy, fearful and neutral face) and group factor (ASD and TDC). In the whole-brain
analyses, specific clusters were found according to the main effects and interactions.
The threshold of activation in all clusters was p<0.005 for a
spatial extent of contiguous 30 voxels and was uncorrected for
multiple comparisons.
We also calculated Pearson correlations between BOLD responses during processing of emotional faces and the SRS total
score using SPSS version 19.0. Statistical significance thresholds were set at p<0.05.

RESULTS
ANOVAs revealed that for the fearful faces, the ASD group
showed lower activation of the right AMY (p=0.0067, uncorrected), right STS (p=0.0003, uncorrected), and right IFG
(p=0.0119, uncorrected) areas than the TDC group. For the

Neutral

×6
2s

1s

Fear
18 s

40

18 s

Happy
18 s

18 s

Neutral
18 s
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18 s

Fear

Neutral

Happy

Total scan time : 216 sec

Figure 1. Paradigm design and examples of the stimuli used in the emotional
face perception task. The emotional face
stimuli for each category (happy, fear, and
neutral) were presented as a block unit. In
a block, each emotional face picture was
shown for 2 seconds (a blank screen was
shown for 1 second immediately after the
picture), and six emotional face pictures
were shown per block.
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Table 2. Regions showing significant differences in BOLD activations between the ASD and TDC groups (uncorrected, p<0.01)

Group
comparison
ASD<TDC

Condition

Brain region

Brodmann
area

Talairach
coordinates

F- value

p

Cluster size

Fearful face

R. Amygdala

N/A

21, -8, -20

8.2

0.0067

33

R. Superior temporal gyrus

22

54, -20, -1

15.4

0.0003

87

R. Inferior frontal gyrus

45

53, 21, 22

7.0

0.0119

88

Happy face

Neutral face

L. Insular cortex

N/A

-35, 30, -2

12.1

0.0013

90

L. Middle frontal gyrus

6

-30, -12, 39

16.5

0.0002

68

R. Inferior frontal gyrus

46

44, -32, 19

24.9

0.00001

49

L. Post central gyrus

40

-53, -22, 21

9.0

0.0047

42

L. Superior insular gyrus

13

-37, -3, 14

11.6

0.0016

49

N/A

-25, 25, 13

15.8

0.0003

83

Dorsal posterior cingulate gyrus

30

-3, -49, 22

10.5

0.0024

383

L. Superior frontal gyrus

10

-13, 60, 9

21.1

0.00005

347

L. Inferior frontal sulcus

9

-53, 0, 28

23.9

0.00002

434

R. Occipital gyrus

17

14, -93, 6

16.3

0.0002

426

L. Superior temporal gyrus

22

-58, 27, 5

17.8

0.0001

142

R. Insula
ASD>TDC

Fearful Face

Happy Face
Neutral face

R. Parietal lobe

N/A

37, -52, 32

15.8

0.0003

184

R. Precuneus

7

6, -68, 34

14.6

0.0005

167

R. Middle frontal gyrus

8

25, 9, 35

13.0

0.0009

197

The statistical analyses were done by random effect GLM and ANOVA analysis. ASD: autism spectrum disorder, ASD<TDC: the regions in
which the ASD group shows lower activation than the TDC group, ASD>TDC: the regions in which the ASD group shows higher activation
than the TDC group, L: left, N/A: not applicable, R: right, TDC: typically developing children

happy faces, the ASD group showed reduced activation of the
left insular cortex (p=0.0013, uncorrected), left MFG (p=
0.0002, uncorrected), and right IFG (p=0.00001, uncorrected)
areas than the TDC group; and for the neutral faces, the ASD
group showed lower activation of the left posterior central gyrus (p=0.0047, uncorrected), left superior insular gyrus (p=
0.0016, uncorrected), and right insular (p=0.0003, uncorrected)
areas than the TDC group.
On the other hand, there were areas in which the ASD
group showed higher activation than the TDC group. For the
fearful faces, the ASD group showed higher activation of the
dorsal posterior cingulate gyrus (p=0.0024, uncorrected), left
superior frontal gyrus (p=0.00005, uncorrected), and left inferior frontal sulcus (p=0.00002, uncorrected) areas than the
TDC group; and for the happy faces, the ASD group showed
higher activation of the right occipital gyrus (p=0.0002, uncorrected) and left superior temporal gyrus (p=0.0001, uncorrected) areas than the TDC group. For the neutral faces, the ASD
group showed higher activation of the right parietal lobe
(p=0.0003, uncorrected), right precuneus (p=0.0005, uncorrected), and right middle frontal gyrus (p=0.0009, uncorrected) areas than the TDC group. Table 2 and Figure 2 summarize
the brain activation for each emotional face, and the comparison of the BOLD response between the two groups.
In correlation analyses with the psychosocial scales, BOLD

response of ROI was not significantly correlated with total SRS
score in subjects with ASD.

DISCUSSION
In the present study, the results of several previous studies
relevant to the abnormal activation of social brain in ASD
were replicated significantly. The so-called “social brain network” refers to the STS or its adjacent regions such as the
MTG, FG, AMY, MPFC, and IFG. It is known that this social
brain network plays a pivotal role in social interaction.
As mentioned earlier, the core of the processes of social interaction with another person is the empathic ability, by which
one recognizes the emotion of another person and feels the
emotion that another person feels by imitating and reproducing the recognized emotion within one’s own mind. Empathy
is “the process of purposely putting one-self in another person’s shoes in order to understand that person’s thoughts and
feelings”.22 Although we recognize the distinction between
ourselves and the other person, we momentarily try to create
the other person’s internal state within ourselves to better understand that perspective.22 The regions relevant to this simulation mechanism are AMY, MPFC, and insular; and previous
studies have suggested that the dysfunction of this simulation
mechanism was found in ASD.23
www.psychiatryinvestigation.org 41
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A

B

C

D

E

F

Figure 2. Main effect of emotional face perception (A and B: fearful stimuli, C and D: happy stimuli, E and F: neutral stimuli). Reduced activities were observed in several parts of the social brain network in the ASD group compared with the TDC group while pictures of emotional faces were shown (uncorrected, p<0.01). Brain regions indicated are right superior temporal sulcus (STS) (A), right inferior frontal gyrus (IFG) (B); left insular cortex (C); right inferior frontal gyrus (IFG) (D); left superior insular sulcus (E); left superior insular sulcus (F). ASD:
autism spectrum disorder, TDC: typically developing children, A: anterior, P: posterior, R: right, L: left.
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When examined based on the sequence of the process and
the neural correlates, STS is related with the visual analysis of
dynamic aspects, and is particularly involved in changeable aspects such as facial expressions. In other words, STS is the region that is critical for action representation, and plays a role in
coding the early visual description of action and sending it to
the MNS.13 The results of the present study indicated that for
the fearful face stimulus, the ASD group showed lower activation of STS than the TDC group. This suggests the possibility
that the visual analysis and representation of the expression of
fearful emotion were particularly deficient for the ASD group.
The neural correlates that are related with the “inner imitation” of the information on the observed emotion of another
person within one’s own mind are the specific neuronal populations called “mirror neurons,” and it is known that IFG is one
of the regions that contain the mirror neurons.24 Many previous studies have suggested that the dysfunction of this IFG
(i.e., the dysfunction of empathic processes, including inner
imitation) is one of the fundamental deficits in ASD.25-27 In
particular, Dapretto et al.27 performed an fMRI study of children with ASD, which was related with MNS. They found that
part of the inferior frontal gyrus (a region in MNS) of the children with ASD showed reduced brain activation during the
imitation and observation of emotional face stimuli, and that
the degree was negatively correlated with the severity of autism
spectrum disorder. The results of the present study also indicated that the ASD group showed hypo-activation of the IFG
region compared to the TDC group when they were exposed
to the emotional face stimuli (e.g., fearful and happy faces).
This supports the results of previous studies that reported the
abnormality of MNS in ASD.
The insular region plays a role in connecting to the limbic
system (i.e., emotional center) so that one can feel the emotion
of another person as if it was one’s own emotion, through the
inner imitation occurring in MNS. Anatomically, the insular
region is connected to both MNS and the limbic system.28 The
results of the present study indicated that for the happy and
neutral face stimuli, the ASD group showed reduced activation
of the insular area compared to the TDC group. The insular
area is considered a central brain region in sensorimotor, visceral, interoceptive processing, and emotional awareness of
self and others, interacting with the limbic, somatosensory,
and motor regions.29 As physical sensation is the basis of emotion, interoception by the insular region is an important means
of knowing “how I feel.”30 Also, it has been theorized that insular plays a pivotal role in “the ability to feel the emotion of another person” by transmitting the sensorimotor impressions
(i.e., visual sense, auditory sense, and feeling) of another person’s emotional behavior to AMY, which is the limbic system
that induces emotional response.31 Impaired understanding of

others’ sensations and emotions as well as abnormal experience of their own emotions and sensations is frequently reported in individuals with ASD.32 In addition, several neuroimaging studies have found that the reduced emotional
awareness of self and others observed in ASD patients was related with the functional impairment of insular and AMY.32,33
Therefore, the hypo-activation or reduced activation of the insular area in the ASD group in response to the emotional faces,
which was one of the results of the present study, supports
these previous studies.
Also, AMY, which is the main area of the social brain, encompasses parts of the limbic system that is called the “emotional brain,” and the neural basis that processes feelings and
constitutes the emotional self. AMY is involved in the processing of emotions, especially fear.34 As has been commonly replicated in the previous facial affect processing studies of ASD
patients,6,8 the results of the present study indicated that for the
fearful face stimulus, the activation of amygdala was significantly reduced in the ASD group. This reduced activation of
AMY in the ASD group supports the ‘amygdala theory of autism,’ which is the representative model of the pathophysiology
of ASD (Abnormality occurs in the development of AMY at
the initial stage of brain development, and it causes a problem
in the cortex that mediates social cognition, especially the FFA
of the ventral temporal lobe. This then induces the deficit of
social perception).35
As another finding of the present study, it was found that for
the neutral face stimulus, Rt. precuneus showed enhanced activation in the ASD group. This result was also reported in the
previous facial affect processing studies of children and adolescents with ASD, and it could be explained that the precuneus,
which is modulated depending on attentional demands, was
compensatorily activated instead of the activation of FG or
AMY.8
Various visual areas (e.g., fusiform gyrus, inferior and middle occipital gyri, lingual gyrus, etc.) are involved in the processing of emotional faces. The results of the present study indicated that the ASD group did not show reduced activation of
these visual areas compared to the control group, and in the
case of the happy face stimulus, the ASD group showed rather
enhanced activation of Rt. occipital gyri compared to the control group. This could be interpreted as indicating that although
visual perception and analysis are essential for successful social
interaction, the subsequent processes such as inner imitation,
emotional processing, and the interpretation of the intention
behind the behavior of another person are also critical.
In the case of the response to the fearful face stimulus, the
reduced activation of the “right” AMY, STS, and IFG was observed in the ASD group. According to the “right-hemisphere
hypothesis,” the two cerebral hemispheres are specialized in
www.psychiatryinvestigation.org 43
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different ways with respect to the processing of emotion. In
other words, the right hemisphere is uniquely skilled at processing emotion, and the left hemisphere has a supporting role
in emotional perception.36 Also, it seems that the tasks relevant
to emotion are divided between the two hemispheres of the
brain, with the right hemisphere specialized in the perception
of negative or avoidance-related emotions, while the left hemisphere is activated by the emotions from positive experience.37,38 Therefore, the result of the present study, in which the
ASD group showed abnormal activation mostly in the right
social brain area in response to the fearful face stimulus, could
be partly explained.
The present study had several limitations. First, in the present study, the experiment was performed using static facial expression pictures, but this is somewhat different from real-life
situations. As dynamic facial expressions can provide more appropriate stimuli related with real-life social interaction, they
need to be incorporated into future studies through the use of
video clips, etc. Second, there is a possibility that appropriate
emotion processing could not be induced because Asian children were unfamiliar with the facial expressions of Westerners,
which had been adopted from the data bank of the International Affective Picture System (IAPS).21 For instance, the
cause of the enhanced activation of the insular area in the normal control group compared to the ASD group in response to
the neutral facial stimulus could be interpreted differently. According to the normal atlas study of facial emotion processing,
it was reported that fear is related with the activation of amygdala, anger is related with the activation of ventral basal ganglia, and disgust is related with the activation of insula.39 It is
possible that the activation of a specific brain area was induced
because the Korean subjects, who were unfamiliar with the
emotional faces of Westerners, felt emotion from the neutral
facial stimulus of the present study. In the future, emotional
face pictures with which Korean children are familiar need to
be standardized for the study of emotion recognition, and the
stimuli of basic emotions such as disgust, sadness, and anger
need to be included in addition to the fear/happy/neutral
stimuli. Third, a limitation of the present study was that the
number of research participants was small. Also, the children
with ASD who participated in the present study consisted of
relatively high functioning children with ASD whose IQs are
above 80 (115.13 on average), and as such it will be difficult to
apply the results of the present study to lower functioning children. In addition, several findings that are inconsistent with
each other or with the previous study results need to be examined. In the present study, the difference in the activation of
the FFA region, which is one of the most commonly replicated
results in the facial emotion recognition task for ASD, was not
observed; and inconsistent results were obtained, where the
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activation of Rt. IFG was reduced in the ASD group in response to the fearful face stimulus, while the activation of Lt.
IFG was rather enhanced in the ASD group, although it was
attempted to explain this based on the characteristics of the left
and right hemispheres regarding emotion (“right-hemisphere
hypothesis”). Furthermore, the results of the happy and neutral face stimuli could not be explained based only on the
characteristics of the left and right hemispheres. The results of
the present study could explain the qualitative impairment of
social interaction in ASD. However, the symptoms of ASD
such as the restricted repetitive patterns of behavior, interests,
or activities, and the disgust and hypersensitivity related to
specific interoceptive cues cannot be explained only by the abnormality of the social brain area. Lastly, the limitation of the
present study related with the analysis of the fMRI data was
that the false discovery rate (FDR) correction was not applied
to the images obtained from the fMRI. No statistically significant difference was noted between ASD group and TDC
group in BOLD activations after applying a FDR correction.
Small sample size could have caused our result to lose its significance after the FDR correction. It is also possible that the
fMRI task used in the present study was not able to provoke
significant difference in brain activity involving emotion processing. In addition to those possibilities, our result of activated clusters still could have significance. Previous study reported that the threshold of p<0.005 with contiguous 10 voxels
showed similar statistical power compared to an FDR of 0.05.40
The purpose of our threshold of activated clusters was to reduce Type II errors which could increase the possibility of
finding meaningful brain regions.
In conclusion, it was found that when emotional face stimuli
were given to children with ASD during the experiment, the
various areas of the social brain relevant to social cognition
showed reduced activation. In other words, the deficit of social
cognition in ASD could be explained by the deterioration of
the capacity for visual analysis of emotional faces, the subsequent inner imitation through MNS, and the ability to transmit it to the limbic system and to process the transmitted emotion. In the future, the fMRI study using more various types of
emotional task and much larger ASD sample will be needed
for identifying neurobiological correlates of social deficit in
ASD subjects.
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