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The default mode network and social understanding

Abstract
The Default Mode Network (DMN) has been found to be involved in

various domains of cognitive and social processing. The present article will review
brain connectivity results related to the DMN in the fields of social understanding
of others: emotion perception, empathy, theory of mind, and morality. Most of the
reviewed studies focused on healthy subjects with no neurological and psychiatric
disease, but some studies on patients with autism will also be discussed. Common
results show that the medial prefrontal cortex (MPFC) plays a key role in the
social understanding of others, and the subregions of the MPFC contribute
differently to this function according to their roles in different subsystems of the
DMN. At the bottom, the ventral MPFC in the medial temporal lobe (MTL)
subsystem and its connections with emotion regions are mainly associated with
emotion engagement during social interactions. Above, the anterior MPFC
(aMPFC) in the cortical midline structures (CMS) and its connections with
posterior and anterior cingulated cortex contribute mostly to making self-other
distinctions. At the top, the dorsal MPFC (dMPFC) in the dMPFC subsystem
and its connection with the temporo-parietal junction (TPJ) are primarily
related to the understanding of other’s mental states. As behaviors become more
complex, the related regions in frontal cortex are located higher. This reflects the
transfer of information processing from automatic to cognitive processes with
the increase of the complexity of social interaction. Besides the MPFC and TP],
the connectivities of posterior cingulated cortex (PCC) also show some changes
during tasks from the three social fields. These results indicate that the DMN is

indispensable in the social understanding of others.



The default mode network and social understanding

Introduction
The default mode network and social understanding of others

Human beings are social animals that have a tendency to interpret
stimuli according to their possible social relevance, and spend a huge amount
of time assessing one’s own and other’s social relationships and positions by
engaging in activities such as thinking about oneself and others and exchanging
those thoughts during the whole of life (Schilbach et al, 2008) . Dunbar and
coleagues suggested a “social brain hypothesis,” which deemed that the large
brains observed in primates reflected the computational demands of the complex
social systems that characterized the order of their members (Dunbar, 1993) .

In the past two decades, the social brain of human has been intensively
studied in several different domains: (1) understanding others, (2) understanding
oneself, (3) controlling oneself, and (4) the processes that occur at the interface
of self and others (Lieberman, 2007) . However, in the strictest sense, social
cognition is about understanding of other people, including their emotional,
mental, psychological status, and behaviors (Lieberman, 2007) . Increasing studies
have shown that regions of the default mode network (DMN) largely activate
in tasks requiring participants to understand and interact with others, such as
perceiving and interpreting other’s emotion status, showing empathy to other
people, inferring other’s belief and intention, and performing moral judgments on
other’s behavior (Schilbach et al, 2008; Laird et al, 2011) . Besides overlaps with
the DMN, the large scale brain networks for social domains also contain several
regions outside the DMN, since these social behaviors usually comprise extensive
cognitive processes such as obtaining, retrieving, and processing information
about the lives, relationships, and mental states of others (Mars et al, 2012) .

In the present article we will review results related to the DMN in the
field of social understanding of others using brain connectivity methods. Several
important fields of social behavior, emotion perception, empathy, theory of mind

(ToM, or mentalizing), and morality, will be summarized for both healthy and
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patients with autism (see Table 1). The existing results were organized through

two aspects. The first one is how the regions within the DMN interact with

each other when people perform those social tasks, and the second one is how

the DMN interacts with other distributed brain systems that contribute to the

process of social cognition of others. Possible future directions will be discussed at

the end.

Table 1. Brain connectivity studies on the social understanding of others

Study Paradigm Method Connectivity Connectivity Number Results
within the between DMN and of
DMN other regions subjects
EMOTION PERCEPTION
Etkin et al, Emotional EC, PPI, rostral 19 1 EC from rACC to
2006 stroop voxel-wise ACC-amygdala amygdala during high
task DCM conflict, the strength
predicted successful
conflict resolution
Passamonti et Emotional EC, PPI, vACC-amygdala 21 EC from vACC to
al,, 2008 faces voxel-wise amygdala negatively
gender deci- DCM correlated to re-
sion ward-drive score
Das et al, 2005 Fear percep- FC, PPI, vACC, and dACC 28 Positive modulation
tion seed-based with thalamus-sen- from dACC and
sory cortex negative relation-
pathway, and ship from vACC on
thalamus-amygdala thalamus-sensory
pathway cortex pathway; both
dorsal and vACC had
inverse interation
with thalamus-amyg-
dala pathway
Cremers Emotional FC, PPI, dMPFC-amygdala; 60 Neuroticism scores
et al, 2010 faces voxel-wise ACC-amygdala positively correlated
gender deci- with FC of dMP-
sion FC-right amygdala
for angry and fearful
faces, and negatively
correlated with FC
of ACC-left amygdala
for angry, fearful, and
sad faces
Satterthwaite ~ Emotion FC, PPIL, Medial OFC-amyg- 39 Positive FC of medial
et al, 2011 identification voxel-wise dala, MPFC-amyg- OFC-amygdala, and
dala negative FC of MP-
FC-amygdala during
task
Kleinhans Face FC, seed-based PCC-FFA 47 } FCin ASD group
et al, 2008 identification 24
autistic)
Rudie et al., View emotional FC, seed-based vMPFC-rlFGpo 47 } negative FC in
2012 face expres- 23 ASD group
sions autistic)
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EMPATHY
Decety et al,  View pain EC, PP, Medial OFC- Medial OFC-anteri- 17 t EC during condi-
2008 scenarios voxel-wise right TPJ, or IPS, precentral ton of pain which was
ParaCC-right  sulcus, and anterior caused intentionally
TPJ MCC; Para CC-an- compared to pain
terior IPS, and which occurred
precentral sulcus accidentally
Otti et al, 2010 View pain FC, ICA Within anterior 19 } FC from "No Pain"
scenarios DMN to "Pain," and the
strength positively
correlated with the
subjective post-scan
pain
Zaki et al, 2007 Experience self FC, PPI, MPFC, PCC-AT, 19 t FC from self pain
pain, and view voxel-wise dACC task to other pain
other pain task
Cheng et al, View pain FC, PPL, MPFC-insula 28 t negative FC in the
2007 scenarios seed-based (14 experts compared to
experts) control
Meyer et al,  View social FC, PPL, MPFC-AIL 16 t FC for the friend's
2013 pain voxel-wise MPFC-dACC exclusion
scenarios
Gu et al, 2010  View pain FC, PPI Superior MP- 18 } FC under the cor-
scenarios seed-based FC-Arontoinsula tex of painful stimuli
Cox et al, 2012 Self-report of  FC, seed-based Perigenual ACC- 38 Dominance of affec-

empathy

left amygdala

tive empathy was
related to stronger
positive FC, domi-
nance of cognitive
empathy was related
to stronger negative
FC

Akitsuki and
Decety, 2009

FC, PPI,
voxel-wise

View pain
scenarios

THEORY OF MIND

Medial OFC-amyg- 26
dala, precune-
us-amygdala

t FC of medial
OFC-left amygdala,
precuneus-left amyg-
dala during painful
situations caused
intentionally

Atique et al,  Emotion, FC, seed-based vMPFC-anteri- 24 t FC of vMPFC-an-
2011 intention ToM or terior TP] during
TPJ emotion mentalizing
Burnett and Imagine basic FC, PPI, Anterior 28 t FC during social
Blakemore, and social seed-based, rostral (10 emotion both in ado-
2009 emotional voxel-wise MPFC-pSTS/ adults) lescents and adults,
experience TP]J and t FC in adoles-
cents compared to
adults during social
emotion
Masion et al,  Read passages FC, seed-based MPFC-TP] Left hemisphere 36 } FC between left
2008 language (10 MPFC and right
network-ToM autistic) TP]J, as well as left
network hemisphere language
network and ToM
network, during
intentional inference
condition in the autis-
tic group
Baumgartner  Punish people FC, PPI, dMPFC-left 16 Negative correlation
et al, 2012 for violating Seed-based TP]J between FC of

social norms

dMPFC-left TPJ and
third-party punish-
ment of defecting in
group members
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Das et al, 2012 Infer states of FC, ICA Posterior 45 } FC in schizophren-
two moving DMN:-lateral 23 ic
triangles fronto-temporal schizo-
networks and phrenic)
insula
Herve et al, Comprehend  FC, seed-based MPFC-TP] "Medial" network- 51  Interaction between
2012 affective "Language” net- language (inferior
speech work, amygdala frontal, and temporal

areas), ToM (MPFC,
TP]), and emotion
processing network
observed during
emotional speech
comprehension

Lombardo et  ToM judg- FC, seed-based 33 vMPFC, PCC/precu-
al,, 2010 ments about neus, and TP]J exhibit-
self or a famil- ed same FC patterns
iar non-close during mentalizing of
other both self and other
MORALITY
Pujol et al, Resting state, FC, seed-based MPFC-PCC 44 } FC during resting
2012 moral dilemma, 22 state in psychopatic
stroop task psycho- group
paths)
Craig et al., DTI OFC-amygdala 27 | FA of the uncinate
2009 (18 fasciculus in psycho-
psycho- paths
paths)
Marsh et al,, Moral judg- FC, seed-based fACC/OFC- amyg- 28 } FC during task
2011 ment dala (14 performance in psy-
implicit psycho- chopaths
association paths)
Decety et al,  View moral FC, PPI, vMPFC-TP] vMPFC- amygdala 126 t FC of vMP-
2012a scenarios seed-based FC-amygdala with

age when viewing in-
tentional harm, t FC
of vYMPFC-pSTS/TP]J
while viewing moral
actions in adults com-
pared to adolescents

Verdejo-Garcia Resting state, FC, seed-based ACC-thalami 24 } FC during resting
et al, 2012 moral dilemma cross-correla- (cocaine state in cocaine-de-
tion analysis users) pendent subjects
Shannon et al., FC, IDEA DMN-PMdr 202  FC positively cor-
2011 (107 of- relaten with impulsiv-

fenders) ity score in juvenile
offenders, while
negatively correlated
with age in typical
developing individuals

PPI, psychophysiologic interaction analyses; DCM, dynamic causal modeling; ICA, independent component analysis;
IDEA, interactive data-driven evolutionary algo-rithm; FC, functional connectivity; EC, effective connectivity; ASD,
autism spectrum disorder; DTI, diffusion tensor imaging; MPFC, medial prefrontal cortex; vMPFC, ventral medial
prefrontal cortex; dAMPFC, dorsal medial prefrontal cortex; PCC, posterior cingulate cortex; ACC, anterior cingulate
cortex; rACC, rostral anterior cingulate cortex; vACC, ventral anterior cingulate cortex; dACC, dorsal anterior cingu-
late cortex; OFC, orbital frontal cortex; TPJ, temporo-parietal junction area; IPS, intraparietal sulcus; MCC, midcingu-
late cortex; ParaCC, para cingulate cortex; Al, anterior insula; pSTS, posterior superior temporal sulcus; IFG, inferior
frontal gyrus; MTG, middle temporal gyrus; PMdr, dorsolateral premotor cortex; AG, angular gyrus; SFG, superior
frontal gyrus; FFA, fusiform face area; rIFGpo, the right pars opercularis of the inferior frontal gyrus; PFC, parahip-
pocampal cortex.
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The default mode network
The DMN is an anatomically defined brain system that preferentially

activates when individuals are not focused on the external environment (Buckner
et al, 2008). Core areas of the DMN include the medial posterior cortex
[specifically the posterior cingulate cortex (PCC) and parts of the precuneus],
medial prefrontal cortex (MPFC), as well as bilateral inferior parietal lobule (IPL)
expanding to posterior temporal areas around the temporo-parietal junction (TPJ)
. Apart from these core areas, hippocampus and adjacent regions in the medial
temporal lobe (MTL) and lateral temporal cortex (LTC) extending toward the
temporal pole (TP) are also often reported as part of the DMN (Shulman et al,
1997; Buckner et al, 2008; Andrews-Hanna et al, 2010b) (see Figure 1).

Figure 1. The medial prefrontal cortex (MPFC) plays a key role in the socialunderstanding of others.The subregions
of MPFC belong to different subsystems of DMN. At the bottom,the ventral MPFC is in the medial temporal lobe
subsystem and itsconnections with emotion regions are mainly associated with emotionengagement during social inter-
actions. Above, the anterior MPFC is in thecortical midline structures and its connections with posterior andanterior
cingulate cortex contribute mostly to making self-other distinctions. Atthe top, the dorsal MPFC (dMPFC) is in the
dMPFC subsystem and itsconnection with the temporo-parietal junction (TPJ) are primarily related tounderstand-
ing other's mental states (Andrew-Hanna et al, 2010b) . The orangeclusters show the anterior insula and amygdala,
which contribute greatly in thesocial understanding of others.

The DMN was originally identified in a meta-analysis mapping brain
areas that showed increased activity during passive tasks compared to active

tasks in block-design positron emission tomography (PET) studies (Shulman
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et al, 1997) . Three kinds of activity patterns within the DMN have been found

since then. The first one is consistently decreased activity when subjects engage
in goal-directed tasks as compared to control states (Gusnard and Raichle, 2001;
Greicius et al, 2003) ; the second one is the high intrinsic activity during resting
states with the eyes closed or visually fixating without engagement in any
specific task (Raichle et al, 2001; Greicius et al, 2003; Beckmann et al, 2005) ; and
the last one is the striking overlap between the DMN and regions activated in
social cognitive tasks (Schilbach et al, 2008; Eickhoff et al, 2009) .

So far, evidence have been found that brain regions within the DMN
contribute to specialized functions organized into subsystems that converge on
hubs. Buckner et al. (2008) pointed out that the DMN consisted of at least two
interacting subsystems: the MTL subsystem containing both the hippocampal
formation (HF) and parahippocampal cortex (PHC); and the core MPFC
subsystem including the posterior cingulate/retrosplenial cortex (PCC/Rsp),
ventral MPFC (vMPFC), and IPL. They proposed that the MTL subsystem was
associated with mnemonic processes and activated during successful retrieval
of old information, and the MPFC subsystem was activated in tasks requiring
participants to engage in self-relevant mental simulations. Using memories and
associations from past experiences as its building blocks, the DMN participated in
constructing self-relevant mental simulations that were exploited by a wide range
of cognitive functions including remembering the past, thinking about the future,
and conceiving the current viewpoint of others. Andrews-Hanna and colleagues
further suggested that the DMN consisted of two subsystems that interacted
with a common core system (see Figure 1): one was the dorsal MPFC (dMPFC)
subsystem comprising the dMPFC, TP], LTC, and TP; and the other was the
MTL subsystem comprising the HF, PHC, Rsp, vVMPFC, and posterior IPL. The
dMPFC subsystem was selectively activated when participants considered one’
s own and others’ present mental states, whereas the MTL subsystem showed

preferential activity when participants simulated the future using mnemonic
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imagery-based processes. Both of these two subsystems were strongly correlated
with a midline common core system consisting of the anterior MPFC (aMPFC)
and PCC, which is usually activated when people make self-relevant affective
decisions. The midline core system interacted with the MTL subsystem and the
dMPFC subsystem to facilitate the construction of mental models of personally
significant events (Andrews-Hanna et al, 2010b) .
Measuring brain connectivity in the DMN

An increasing number of researchers are interested in the brain
connectivity among the DMN regions and have applied several newly
developed approaches and methodologies to DMN studies. In the functional
connectivity (FC) approach, researchers compute the statistical interrelation of
neurophysiological time series representing temporal changes in different brain
regions, and examine the stimulus-dependent and -independent synchronizations
and interactions between these regions (Friston, 2005 Menon, 2011). In the
effective connectivity (EC) approach, data can be obtained by dynamic causal
modeling (DCM), which estimates and judges the negative or positive impacts of
one region on another and how such impacts are affected by experimental context
(Aertsen et al, 1989; Friston, 2002) . Granger causality and other similar methods,
unlike the bidirectional functional connectivity, which is a model-free concept,
computes the unidirectional EC and emphasizes asymmetric causal interactions
between neural systems. Granger causality estimates forward (bottom-up) vs.
backward (top-down) connectivity between diverse regions. Nevertheless, it has
been criticized for the lack of a biologically-based generative model and likelihood
of obtaining pseudo estimated “causality” that is in fact induced by systematic
differences across brain areas in hemodynamic lag (Friston, 2009; Smith et al.,
2011) . Functional and effective connectivity can be studied through both linear
techniques (correlation coefficient, coherence) and non-linear techniques (phase
synchronization, generalized synchronization) (Stam and van Straaten, 2012)

. It is worth noting that, negative correlations in brain connectivity analysis,
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sometimes referred to as anti-correlations, must be cautiously interpreted since
they are usually present only after regressing whole-brain signals. This raises a
point of controversy: whole-brain normalization leads to a bell-shaped correlation
value distribution centered on zero, thereby guaranteeing negative correlations
even if such correlations were not initially present in the data (Murphy et al,
2009; van Dijk et al, 2010). A brain network can also be defined on the basis of
structural connectivity through Magnetic Resonance Imaging (MRI) morphology
and Diffusion Tensor Imaging (DTI) tractography in vivo or tracer studies on
postmortem tissue. Structural connectivity denotes a network of anatomical links
and places constraints on which functional and effective interactions occur in the
network (Bullmore and Sporns, 2009; Bressler and Menon, 2010; Menon, 2011) .
Brain connectivity studies on the DMN and social understanding of others
Emotion perception

Emotion plays a crucial role in human social cognition. Perceiving and
interpreting other people’s emotion status is one of the most important steps
during social interaction. Traditional studies on the neural mechanism of emotion
adopted a locationist approach, which asserted that each basic emotion faculty
has its own specialized neural circuitry that is architecturally distinct, inborn, and
shared with other animals (Panksepp, 2004) . Early neuroimaging results were
indeed congruent with this assumption, for example amygdala for fear (Adolphs
et al, 1995), insula for disgust (Wicker et al, 2003), orbitofrontal cortex (OFC)
for anger (Murphy et al, 2003), and subgenual anterior cingulate cortex (ACC)
for sadness (Murphy et al, 2003) . However, several recent meta-analyses and
reviews favored the psychological constructionist approach, which suggested that
a set of interacting brain regions involved in the basic psychological operations
of both emotional and non-emotional processing were activated during emotion
experience and perception (Lindquist and Barrett, 2012; Lindquist et al, 2012) .
Yet co-activation of different brain regions does not necessarily mean connectivity

between them, so the evidence for the constructionist approach is inconclusive
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and brain connectivity results would be critical for examining this approach.
Most emotion perception studies using brain connectivity methods
revealed changes between the DMN and other brain systems, especially between
the prefrontal cortex and amygdala. In a gender discrimination task of angry and
neutral faces, Passamonti et al. (2008) confirmed that the interaction between
the ventral ACC and amygdala was influenced by the drive to obtain reward,
with reduced negative connectivity in high reward-drive participants. The
direction of this effect was limited to connection from the ventral ACC to the
amygdala but not vice versa. Moreover, in another study, the rostral ACC was
negatively coupled with the amygdala in high vs. low conflict resolution trials of a
classic emotion Stroop task with fearful and happy faces, and the strength of the
connectivity predicted successful conflict resolution (Etkin et al, 2006) . Studies
also found that the connectivity between different subregions of the MPFC and
amygdala may make diverse effects on emotion function. For example, when
people did a fear perception task, there was a dorsal-ventral division in ACC
modulation of the thalamus-sensory cortex pathway, with a positive modulation of
this pathway from dorsal ACC and a negative one from the ventral ACC (Das et
al, 2005) . In addition, Satterthwaite et al. (2011) demonstrated that the amygdala
responded preferentially to threatening (fearful or angry) faces and had
increased connectivity during threat trials with the OFC. Moreover, a study also
showed that the neuroticism scores of subjects were negatively related to the left
amygdala-ACC connectivity, but positively associated with the right amygdala-
dorsomedial prefrontal connectivity, when processing negative emotional facial
expressions (angry and fearful compared to neutral faces) (Cremers et al, 2010) .
Besides the prefrontal cortex and amygdala, functional connectivity
changes between other regions were also found in autism patients. For
example, in a facial expression identification task, the healthy control group had
significantly increased connectivity between the fusiform face area and PCC

compared to autism patients (Kleinhans et al, 2008) . In another study requiring
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subjects to passively view emotional facial expressions, typically developing
children showed an anticorrelation between the right pars opercularis of the
inferior frontal gyrus (rIFGpo) and the DMN, whereas autistic children showed a
similar anticorrelated relationship between the rIFGpo and the posterior portion
of the DMN, but not the anterior portion of the DMN (vMPFC) (Rudie et al,
2012).

General speaking, the FC in emotion perception studies concentrated on
the relation between the vMPFC (including parts of ACC), and other emotion-
related areas, mainly the amygdala and insula. The DMN has been theorized
to make sensory inputs meaningful as “situated conceptualizations” for distinct
emotions, since it reconstitutes past experiences for use in the present (Lindquist
and Barrett, 2012; Lindquist et al, 2012) . The vMPFC, as part of the DMN, is
believed to receive reinforcement expectancy information from emotion learning
systems that process the reinforcement provided by specific reinforcers of
emotional expressions (Blair, 2007) . Thus, the above results from functional
connectivity in emotion perception may demonstrate that the vMPFC is indeed
associated with successful regulation of human’s emotional perception and
responses.

Empathy

Empathy can be defined as the process to generate an isomorphic
affective state in the self to understand another individual's emotional state or
condition while realizing that it is the other who causes this affective state (Decety
and Svetlova, 2012; Engen and Singer, 2012) . Neuroimaging of empathy is usually
acquired by scanning people’s brain when they fall into empathic states with
various emotions such as disgust, reward, joy, and, particularly, pain (Jabbi et
al, 2008; Singer et al, 2009; Bernhardt and Singer, 2012) . Researchers proposed
that at least three neural systems play vital roles in empathy: the mirror neuron
system, the affective empathy system located in the anterior insula (AI) and

midcingulate cortex (MCC), and the cognitive empathy system of theory of mind
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that almost overlaps with the DMN network. The affective empathy system and
the cognitive empathy system are linked through the vMPFC (Walter, 2012) .

Only a few empathy studies adopted brain connectivity methods to
investigate the FC within the DMN, most of which were studying pain. For
instance, although temporal correlation analysis demonstrated that the anterior
DMN (aDMN) was deactivated in both the “Pain” and “No Pain” conditions
compared to the resting-state, the decrease of connectivity was significantly
stronger in the “No Pain” than “Pain” condition. In addition, independent
component analysis (ICA) demonstrated that higher integration of the left medial
OFC into the aDMN was associated with higher post-scan pain ratings (Otti et
al, 2010) .

Most of empathy studies focused on the connection between the DMN
(e.g, MPFC) and other regions, especially the insula. When participants watched
short videos of other people suffering painful injuries, the brain area of dAMPFC
and PCC showed greater connectivity with the dorsal ACC and AI than when
participants received noxious thermal stimulation (Zaki et al, 2007) . In another
study, subjects were asked to view color photographs describing human body
parts in painful or non-painful situations and then judge whether the person was
suffering from pain or not. Results revealed that the frontoinsular cortex showed
decreased FC with the superior MPFC in response to the painful compared to
non-painful stimuli (Gu et al, 2010) . Moreover, observing a friend experiencing
social exclusion would trigger greater intensity of FC between the MPFC and
both the dorsal ACC and bilateral insula than observing a stranger doing so
(Meyer et al, 2013). Furthermore, Cheng et al. (2007) proposed that medical
experts who applied painful procedures in their practice could regulate the
unpleasant feelings generated by perceiving others in pain through modulating
attentional demands. In accord with this hypothesis, experts showed negative
FC between the MPFC and Al whereas the controls showed no significant
correlation with the MPFC.
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As to the relationship between the amygdala and MPFC in empathy,
studies found that the FC pattern between the amygdala and other brain areas
was modulated by social context. For instance, the medial OFC and precuneus
showed stronger covariation with the left amygdala when the visual stimulus
was one person in a painful situation caused by another individual than when
the situation was caused by accident (Akitsuki and Decety, 2009). Cox et al.
(2012) argued that relative empathic ability (REA), the difference between
affective empathy and cognitive empathy, is a useful index for empathy ability.
Their results showed that the dominance of affective empathy was associated
with stronger FC among social-emotional regions (ventral anterior insula, OFC,
amygdala, perigenual ACC), whereas the dominance of cognitive empathy
was related to stronger FC among areas implicated in social-cognitive regions
(brainstem, STS, ventral anterior insula) .

The FC differences found in empathy studies may reflect similar
mechanisms as emotion perception, which involve the vMPFC’s connection with
the amygdala and insula (Akitsuki and Decety, 2009; Otti et al, 2010) . Empathy
has a deep evolutionary foundation stemming from the phylogenetically ancient
practice of parental care, which assists the propagation of genetic legacy to
future generations. The motivational systems originally developed to care for one’
s offspring have gradually been used to facilitate positive relationships between
unrelated group members. Ultimately, empathy became a useful means of forming
and maintaining strong social bonds between unrelated individuals (Decety et
al, 2012b) . By enabling human beings to feel the suffering of others, empathy
can promote affective interactions and contribute to prosocial behaviors toward
other conspecifics, depending on relevant social contexts and social relationships
(Decety and Porges, 2011). Thus, it is very important for humans to identify
the real protagonist of emotion?the one who causes this affective state. It follows
that empathy, to a great extent, is based on emotion perception. Consistent with

this line of thought, the region in the frontal cortex that is strongly implicated in
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both empathy and emotion perception is the aMPFC (Cheng et al, 2007; Otti et
al, 2010; Cox et al, 2012; Meyer et al, 2013), which takes charge of the self-other
distinction. There are also some other areas connected with the dMPFC (Zaki
et al, 2007; Gu et al, 2010), which contribute to the recognition of other humans’
mental states.
Theory of mind

Theory of mind refers to the ability to explain, predict, and interpret
another person’s behavior by attributing affective and cognitive mental states
such as desires, beliefs, intentions and emotions to other people (Amodio and
Frith, 2006; Abu-Akel and Shamay-Tsoory, 2011; Krause et al, 2012). The
machinery of ToM involves at least three basic processes: representing cognitive
and affective mental states, attributing these mental states to others, and
finally applying (or deploying) these mental states to correctly comprehend
and forecast behavior (Abu-Akel and Shamay-Tsoory, 2011). A number of
neuroimaging studies have demonstrated the crucial role of the MPFC in ToM
tasks (Northoff and Bermpohl, 2004; Uddin et al, 2007; Qin and Northoff, 2011) .
Some researchers also declared that ToM was subserved by the posterior DMN
(pDMN) regions. For instance, Saxe argued that the right TP] was vital for
representing mental states, particularly false beliefs (Saxe, 2006), and Samson
and colleagues proposed that the left TPJ (coupled with the frontal lobes) was
crucial for the representation of mental states (Samson et al, 2004) . In general,
neuroimaging studies have identified a common pattern of brain activation
underlying autobiographical memory, ToM, and the DMN (Fair et al, 2008;
Spreng et al, 2009; Spreng and Grady, 2010) .

Past ToM studies investigating the brain connectivity within the
DMN revealed strong connections between the parietal and frontal cortex. For
instance, Atique and colleagues compared the different patterns of functional
connectivity between inferring another person’s emotion (emotion mentalizing)

and intention (intention mentalizing) in the DMN. The results revealed a double
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dissociation, such that a more anterior region of the right and left TP] was more
strongly activated during emotion mentalizing and showed stronger FC with the
vMPFC, whereas a more posterior region was more strongly activated during
intention mentalizing (Atique et al, 2011). Burnett and Blakemore found that
an anterior rostral region of the MPFC (arMPFC) showed greater connectivity
with the posterior superior temporal sulcus (pSTS) bordering on the TPJ and
anterior temporal cortex during social emotion (such as embarrassment and
guilt) than basic emotion, which was in line with the assumption that social
emotions require the representation of another’s mental states. They also found
that the adolescent group possessed stronger connectivity between arMPFC and
pSTS/TP] during social vs. basic emotion than did the adult group (Burnett and
Blakemore, 2009) . Moreover, Mason et al. (2008) detected that the autism group
had lower functional connectivity within the DMN network (between the left
medial frontal gyrus and right TPJ) in the intentional inference condition than
the control group. In addition, researchers found that when subjects made the
decision to punish in-group members and out-group members for violating social
norms (third-party punishment), the less in-group members were punished, the
stronger was the FC between the dMPFC and left TP] (Baumgartner et al,
2012).

One study explored the connectivity between the DMN network and
other regions during ToM processing. This study detected that autistic patients
had lower FC between the DMN (the left MPFC and the right TP]) and a
left hemisphere language network (the inferior frontal gyrus and posterior left
middle temporal gyrus) in the intentional inference condition than the control
group (Mason et al, 2008) . Additionally, in a study using an affective speech
comprehension task, researchers identified three functional modules with FC
analysis, including a “medial” ToM network (the MPFC and TPJ] regions), a
bilateral “language” network (the inferior frontal and temporal areas), and the

bilateral amygdala. The cooperation of these modules was observed during



The default mode network and social understanding

people’s emotional speech comprehension, with the left angular gyrus playing
a critical role when the medial network and the language network interacted
(Herve et al, 2012) . Furthermore, Lombardo et al. (2010) found that the vMPFC,
PCC/precuneus, and TP]J all exhibited the same FC patterns during mentalizing
of both self and others, which indicated that identical neural circuits were
implementing processes involved in the mentalizing of both self and others.

To sum up, the main findings of ToM studies focused on the connection
between the dMPFC and TP] (Mason et al, 2008; Burnett and Blakemore, 2009;
Baumgartner et al, 2012; Herve et al, 2012) , with few studies on the FC between
vMPFC (Lombardo et al, 2010; Atique et al, 2011) and aMPFC (Burnett and
Blakemore, 2009), as well as some other regions, such as the insula and language
network (Herve et al, 2012) . Relative to emotion perception and empathy, ToM
is considered as a relatively high-level cognitive process (Gallagher and Frith,
2003; Amodio and Frith, 2006) . Many species can predict the goals of others,
while only humans and perhaps some non-human primates can separate one’s
own mental perspective from that of others (Van Overwalle, 2009; Van Overwalle
and Baetens, 2009) . The process of ToM critically involves self-projection, since
we must imagine ourselves in the same situation as another person and use our
own experiences to simulate and understand the mind of that person (Blakemore
and Decety, 2001; Spreng et al, 2009; Spreng and Grady, 2010; Spreng and Mar,
2012) . Hence, the ToM processes require not only representing current and
mnemonic event materials, which mainly depends on the posterior hemisphere
of the human brain, but also distinguishing self from others, which is the critical
function of the frontal cortex. The involvement of dMPFC in ToM is perhaps
due to its responsibility for evaluation and decision-making processes in self- and
other-referential processing (van der Meer et al, 2010) .
Morality

Psychologists’ interest in the moral dimensions of life and thoughts

could date back to the dialogs of Plato and Aristotle’s ethical treatises. In the
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recent 20 years, neuroscience has started a new era for moral psychology.
Neuroimaging studies have found several brain regions related to morality, such
as the ACC (Greene et al, 2004), TP] (Young et al, 2007, 2011; Young and Saxe,
2008, 2009) , vYMPFC (Tangney et al, 2007; Zahn et al, 2009; Moll et al, 2011), and
dorsolateral prefrontal cortex (Greene et al, 2004, 2008) . The distributed nature
of the moral network led researchers to shift their focus from seeking domain-
specific brain regions dedicated to morality to determining the contributions of
domain-general processes to morality (Shenhav and Greene, 2010; Young and
Dungan, 2011) . The existing results show that the moral brain network is closely
associated with the DMN (Buckner et al, 2008; Bzdok et al, 2012; Reniers et al.,
2012) .

Connectivities within the DMN have been found in some morality
studies. Decety found that the adult group showed the strongest connectivity
between the vMPFC and pSTS/TP] during viewing of moral actions relative to
non-moral actions when compared to other, younger groups (Decety et al., 2012a)
. Harrison et al. (2008a) compared the FC within the DMN when subjects were
resting, judging moral dilemmas, or performing the Stroop task. They found that
regions within the DMN, particularly the posterior and anterior cingulated cortex,
showed greater correlated activity during the moral dilemma task compared to
the resting state. Due to the complexity of morality, researchers are also very
interested in the relation between the DMN and other networks, particularly
the amygdala. Decety et al. (2012a) found a positive age-related increase of FC
between the vMPFC and amygdala in response to intentional harm.

Moral judgment is one of the most complex social behaviors. It involves
a variety of lower level cognitive processes, such as distinguishing between self
and others, integrating social norms, computing goal-directed actions, showing
empathy to others and inferring the intentions of others (Moll et al, 2008; Bzdok
et al, 2012; Feldmanhall et al, 2013) . Corresponding complexity has been shown

in the above FC results. Moral judgment studies reported FC results that not
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only involved areas subserving emotion perception, empathy, ToM, but also other
regions, such as the FC between the medial OFC and precentral sulcus (Decety
et al, 2008) . However, neuroimaging studies using brain connectivity methods
are still scarce in the field of morality. Given the importance of moral judgment
to society, high priority should be given to conducting more studies using the FC
approach to further explore the neural mechanisms of morality.
Discussion

One of the consistent trends revealed in the above studies is that
tasks from all the related fields of social understanding of others, from emotion
perception to morality, elicit brain connectivity changes from the MPFC
(extending to the ACC), a core region of the DMN, to other regions either
inside (e.g., TPJ or PCC) or outside (e.g. insula or amygdala) of the DMN.
Furthermore, more complex behaviors are subserved by brain regions which are
situated higher in the frontal cortex. These results indicate that the MPFC plays
a critical role in the social understanding of others, and different parts of MPFC
take charge in distinct cognitive processes. According to Andrews-Hanna et al.
(2010b) , the MPFC can be divided into three subregions that belong to different
subsystems of the DMN: the dMPFC in the dMPFC subsystem, the vMPFC in
the MTL subsystem and the aMPFC in the midline common core system. The
FC results reviewed in the current article provide support for the statements
above.
Connectivity from the vMPFC of the MTL subsystem

The vMPFC in the MTL subsystem is crucial in processing emotional
features during social cognition. Connectivity changes between the vMPFC and
other DMN regions (TPJ) have been found in ToM studies and morality studies.
Atique and colleagues found that a more anterior region of the right and left
TP] showed strong FC with the vMPFC during emotion mentalizing (Atique
et al, 2011). In contrast, Decety et al. (2012a) found an increase of FC between

the vVMPFC and pSTS/TP] while viewing moral actions in adults compared to
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adolescents. The connection between the vMPFC and TPJ in these two fields
can be attributed to the affective aspects of ToM that enables humans to infer
emotions.

The dense connections between the vVMPFC and emotional regions
(e.g, amygdala, insula) means this frontal region can represent and regulate
socioemotional states and synthesize a diverse range of information to represent
affective mental states (Abu-Akel and Shamay-Tsoory, 2011). In all four
fields, particularly emotion perception and empathy, the connectivity changes
between the amygdala and vMPFC were repeatedly attested. The detection of
connectivity between these two regions, to a certain extent, is consistent with
discoveries in animal studies using fear conditioning paradigms which affirm that
these regions play a critical role in the process of animal fear conditioning (Maren
and Quirk, 2004; Jovanovic and Ressler, 2010; Fiorenza et al, 2012) . Researchers
have put forward a fear conditioning neuromechanism model, in which learning
the conditioned responses in the central nucleus of the amygdala is modulated
by two separate processes. One signals a positive prediction error from the
basolateral amygdala, and another signals a negative prediction error from the
vMPEC (Moustafa et al, 2013) . This model is, in part, similar to the Integrated
Emotion Systems (IES) model proposed by Blair (2007), which states that
relatively independent emotion learning systems (e.g., the processing of fearful,
sad and happy expressions in the amygdala, disgust expressions in the insula,
as well as angry expressions in the inferior frontal cortex) input reinforcement
expectancy information to the vMPFC while processing reinforcement provided
by specific reinforcers of emotional expressions. The vMPFC represents the
information and thus allows decision making, including moral decision making.
The reduced connectivity between the MPFC and amygdala (Marsh et al,
2008; Glenn, 2011; Motzkin et al, 2011) instead of the insula and inferior frontal
cortex in psychopaths relative to controls offers strong confirmation, as their

impairments when processing care-based transgressions is thought to depend
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on the amygdala’'s role in the association of the transgression with the fear/
sadness of the victim. Compared with the IES model, the amygdala-hippocampal-
prefrontal interaction model includes the hippocampus, which is also frequently
found in emotion related studies using functional connectivity methods (Kensinger
and Corkin, 2004; Smith et al, 2006), and takes the effects of environment into
account. However, there are still many open questions. For example, what is the
actual role of the vMPFC? Does this region only signal a negative prediction
error to the central nucleus of the amygdala, as Moustafa states, or does it play
a part in successful decision making, as Blair asserts? How do other’s emotions
influence one’s own moral decision?
Connectivity from the aMPFC of the cortical midline structures

The aMPFC and PCC are part of the core cortical midline structures
(CMS) of the DMN, which mostly contributes to the elaboration of the
experiential feelings of self (Northoff et al, 2006, 2011; Leech et al, 2011; Pearson
et al, 2011; Qin and Northoff, 2011; Denny et al, 2012; Leech and Sharp, 2013)
. The aMPFC has been proposed to be critical in making self-other distinctions.
For example, the aMPFC activates when participants make judgments or
remember trait adjectives about themselves compared to other people (e.g,
Kelley et al, 2002; D’Argembeau et al, 2005; Heatherton et al, 2006; Mitchell et
al, 2006) . The above results show the crucial role the aMPFC plays in processes
of social behavior, especially empathy. For instance, medical experts who applied
painful procedures in their practice showed negative FC between the MPFC
and AL while controls showed no significant correlation with the MPFC (Cheng
et al, 2007). It could be interpreted that long-term practice allows the medical
experts to regulate the unpleasant feelings through self-other discrimination to
identify the real protagonist of pain. In addition, observing a friend experience
social exclusion triggers greater intensity of FC between the MPFC and both the
dorsal ACC and bilateral insula than observing a stranger doing so (Meyer et

al, 2013) . This result can be explained by the logic that the concept of friend, as
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compared to stranger, is closer to the self, thus social exclusion of a friend brings
about greater FC.
Connectivity from the dMPFC of the AMPFC subsystem

The main results of the reviewed studies with regards to the DMN
are the associations between the dMPFC and TPJ in the dMPFC subsystem,
which were present not only in ToM (mentalizing) but also in morality studies.
Understanding complex social interactions among people who are presumed
to be social, interactive, and emotive always involves the processing of self-
reflective thoughts and judgments (Buckner et al., 2008). Thus it is not
surprising that connections between the TP] and dMPFC are commonly found
in these studies, since these two areas are key regions known to be involved in
inferring temporary goals, intentions, desires, and more enduring dispositions
of others owing to previous localization results using the mentalizing paradigm
(Gallagher and Frith, 2003; Mitchell et al, 2005 Hampton et al, 2008; Steinbeis
and Koelsch, 2009; Van Overwalle and Baetens, 2009) . For example, studies have
shown that functional connectivity between the dMPFC and TP]J increased when
healthy participants performed ToM tasks on social properties but decreased
when autistic participants did (Mason et al, 2008; Burnett and Blakemore, 2009;
Baumgartner et al, 2012) .

Several different theories have been proposed to interpret the
relationship between the dMPFC and TPJ (as well as other LTC regions such
as pSTS) . For example, it is suggested that the dMPFC is associated with the
internally-focused process of considering the contents of another person’s mind,
whereas those temporal regions are related to externally-focused processes that
do not require consideration of a target’s internal states (Lieberman, 2007).
Some researchers have argued that the TPJ is responsible for a domain-general
computational mechanism for reorienting attention to the agency (e.g. other
individual) and the MPFC is more domain specific for understanding human

mental states (Decety and Lamm, 2007) . Others have proposed that the TPJ is
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more specific for the, possibly uniquely, human ability to reason about others’
affective and cognitive mental states, and the MPFC is more domain-general
(Saxe, 2006) . Thus the FC between the TPJ] and the MPFC would be an index
of either shifting between internally-focused and externally-focused processes or
communication between domain-general and domain-specific processing during
the understanding of others’ mental states.

Connectivity from other regions of the DMN

Besides the MPFC and TPJ, several studies also revealed connectivity
changes between the PCC/Precuneus in the CMS and other regions within
and outside the DMN (Zaki et al, 2007; Harrison et al, 2008b; Assaf et al, 2010;
Weng et al, 2010). The PCC appears sensitive not only to explicit emotional
engagement, for example, during tasks of emotional word processing and face-
perception, but also implicit emotional engagement during self-directed attention
or evaluation, as well as autobiographical memory (Leech et al, 2011, 2012;
Pearson et al, 2011; Leech and Sharp, 2013). Vogt et al. (2006) thus proposed that
the PCC may respond to the general emotional content of events, particularly
when the nature of processing is self-relevant.

In summary, during tasks from all four social fields, emotion perception,
empathy, ToM, and moral judgments, connectivity changes were found between
the MPFC and other regions within the DMN (e.g, TPJ, PCC) or outside the
DMN (e.g., amygdala, insula). Evidence has shown that the MPFC is closely
related to self-referential processing (Northoff et al, 2011; Wagner et al,
2012; Moran et al, 2013). The connectivity changes between the MPFC and
other regions further confirm the viewpoint that humans use memories and
associations from past experiences as the building blocks for understanding
other’s emotional and cognitive states. Furthermore, these studies suggest that
different parts of the MPFC undertake distinct responsibilities. Specifically,
connectivity changes between the emotion regions and vMPFC were repeatedly

found in all four fields, particularly emotion perception and empathy; the aMPFC



The default mode network and social understanding

was found to be crucial, especially for empathy; and the associations between
the dMPFC and TPJ] were usually present in ToM (mentalizing) and morality
studies. As social behaviors become more and more complex, the involvement
of related regions in the medial frontal cortex gradually increased as well, which
may reflect the transition of information processing from automatic to effortful
cognitive processes. In consideration of all these findings, we propose that the
vMPFC is engaged in identifying self-relevant information and assessing the
salience of stimuli (Gusnard et al, 2001; Northoff and Bermpohl, 2004; Northoff
et al, 2006); the aMPFC takes charge in making clear self-other distinctions
(Andrews-Hanna et al, 2010b) , and the dMPFC is involved in the evaluation and
decision of whether a certain stimulus is applicable to the self or to another (van
der Meer et al, 2010) .

In addition to the MPFC regions, social understanding of others also
includes cognitive processing for extracting existing storage and perceiving
immediate material to represent current events, as well as for identifying and
expressing the emotion itself. The former is closely related to the TPJ, which is
believed to help in the establishment of a social context for a decision (Carter
and Huettel, 2013) , whereas the latter is managed by the amygdala, insula and
other emotion regions. These three basic processes interact with each other and
eventually lead to the formation of complex social behavior.

Reproducibility is a lingering issue with previous studies. For example,
Andrews-Hanna and colleagues divided the MPFC into dMPFC, vMPFC, and
aMPFC and proposed that they respectively belong to the dMPFC subsystem,
MTL subsystem, and common core system (Andrews-Hanna et al, 2010a,b) . van
der Meer and colleagues further suggested that “the vVMPFC is responsible for
tagging information relevant for “self” whereas the dMPFC is responsible for
evaluation and decision-making processes in self- and other-referential processing”
(van der Meer et al, 2010). However, other studies did not emphasize the role

of aMPFC, but instead showed that the vMPFC responds more to self, whereas
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the dMPFC responds more to others (Denny et al, 2012; Wagner et al, 2012)
. Compared with these studies, the present article specifically highlights the
function of self-other distinction in the aMPFC for two main reasons: theoretically,
there must be some transition from self to others and the aMPFC anatomically
connects the vMPFC and dMPFC; in practice, as we have presented, this area
has been repeatedly found to participate in the differentiating of self and others.
However, to address the divergence and inconsistencies between studies, more
brain connectivity methods such as those from graph theory, statistical physics,
and non-linear dynamics should be put to use to confirm the relations and
differences between the subregions of the MPFC and the DMN. Transcranial
magnetic stimulation and transcranial direct-current stimulation should also
be considered because they can provide causal evidence to evaluate the above
theories.
Conclusion and future directions

In this article, we reviewed recent studies on the social understanding
of others using brain connectivity methods. We focused on the brain connectivity
within and outside the DMN in four different research fields: emotion perception,
empathy, ToM, and morality. The reviewed studies suggest that the MPFC
plays a key role in the social understanding of others, the subregions of the
MPEFEC contribute differently to this function according to their roles in the
different subsystems of the DMN, and more complex behaviors are related to
anatomically higher regions in the frontal cortex. Starting from the bottom, the
vMPFC in the MTL subsystem and its connection with emotion regions are
mainly associated with emotion engagement during social interactions. Above
the vMPFC, the aMPFC in the CMS and its connections with the PCC and ACC
contribute mostly to making self-other distinctions. At the top, the dMPFC in
the dMPFC subsystem and its connection with the TPJ are primarily associated
with understanding others’ mental states. Besides the MPFC and TP], the

connectivities of the PCC also show some changes during tasks from the four
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social fields. These results indicate that the DMN is indispensable in the social
understanding of others.

Several points require attention during future development of large-
scale brain connectivity studies of social cognition. First of all, interest in
brain connectivity arose from the study of brain lesions and neuropsychiatric
disorders ranging from epilepsy to autism (Menon, 2011; Shafi et al, 2012). A
rich body of literature on neuropsychiatric disorders suggest that abnormalities
in the interactions of network components play a vital role in these disorders
(Lytton, 2008; Vissers et al, 2012) , and damage to specific functional connectivity
networks can result in corresponding neuropsychopathy (Seeley et al, 2009) .
However, compared with lesions and patient studies, there are far fewer studies
on healthy human participants applying the methods and theories of brain
connectivity, let alone in the field of social cognition. This is a very promising
approach for future work.

Secondly, most previous studies exploring the social brain in healthy
participants only computed the functional or effective connectivity among regions
of interest determined by prior experience or localization tasks, whereas a wide
range of brain connectivity methods such as those from graph theory, statistical
physics, and non-linear dynamics have been adopted in neuropsychiatric
disorders studies (van den Heuvel and Hulshoff Pol, 2010; Menon, 2011; Xia
and He, 2011; Stam and van Straaten, 2012; Yu et al, 2012; Griffa et al, 2013).
Undoubtedly, these methods should be put to use to confirm the relations and
differences between subregions in the MPFC or the DMN and deeply explore the
complex social brain network in healthy participants.

Thirdly, so far most brain connectivity studies are conducted
with fMRI, a technique based mainly on correlational evidence. However,
investigating causality is the main goal of scientific studies, so building causal
models accounting for the entire loop of social information processing within

and between brains would be a promising future direction (Singer, 2012) .
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Consequently, the methods for studying brain networks could be combined with
many other methodologies, such as multi-voxel pattern analyses (Carter et al,
2012), transcranial magnetic stimulation/transcranial direct-current stimulation
(Young et al, 2010; Carter et al, 2012) , genetic-imaging approaches (Glenn, 2011)
, and pharmacological interventions (Sripada et al, 2012) to explore the neural
substrates of various human physiological and psychological states during social

interaction.
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Study of work-life balance values and children and child-rearing consciousness
as viewed from the work style
— From quantity survey results in the Tokyo metropolitan area

peripheral portion B town —

A
HASHIMOTO Junichi

1. WIROHM LR

AWFFEIE, EEBERBRICH D ARBI (AOH1T5T) 27 4 — IV N2, &
BRZGEH L2 - FHECHEEAY VT —20H ) FIZoWT, 81 -
BRMNAEZERT S & THEBERO=—-ZIZABLLZTED - TETOV A
FARAY T =2 ZBEL L) T LY O—ETH Y. FEICHTE L (R
%L WIHOBREE, HAEHEOMb ) ORTFECEIT)BITOREREDT — 2
AFANBEF)DBENNCEDLT =27 - FA4T - NFUVABRTED - THETE
WROFERE - FEiiE, AR L2 BERAEO/RILOSMOENITHI L2 ELRH
MELTwab,

—fZ, T=2 - 54T - NF LG, THELAFORM] #EKL. O
ARTIE19974E B LIRS B SF R oYK, Lottt fie FROm., £k
GEHEHORELZD CHBEE LTSN TELBEERD L, FTH, TR
REDT—=2 - 547 - NG Y AERNORY) HADMEMEIRMLZD . HL
WHERHRZRE L7120 T2 2 EOMEOERIE. HECB327—2 - 54
T NG Y ADBAE FOEBU TG LT &Iz, AR TIEZ) LT —2-
FA4 7 - NT Y ACHT MR TO@EmE SQHEICANEAES L, Ll Z

— 109 —



T—=TAZANZEDBT =2 - 547 - NG UYABLETED - THTEROMZE

I LHEOBMHRRETIE LR, FTEBEIVDW S [3FEMET] 2 [/
DEE] RN RO FHETEZ L. £ LTEET 5 A4 OSSN, EiEr
WO MR EMOHEE - HEROMEZF IS L 2w, ThrbolifRof 2
b FHTIEVATLEAY NI =7 OWEIZETHHAZ RV EER D,

2. WIRDI%
1)7—%
AFRTHAT L2 7=, ARBIICBWCTHEBLZ [T&b - THTHIE
Fy M =2 YT, CORMEMEIDTOMY TH b,
O ARG - BT TRET 2 FLAIE & /ANEREAEAE 2 S 64E L £ TORESR
@ AT FEXOZMMKE, BEE UL, WY, EERARL EE
ZEEOHBDZHT, PR ENZEICOWTIZHT A OIHERE - R, NF
KO %58 U Ty, RRERIZOWTIZ, 2XVWolRl, FETXEY
VE—, REZELSSICCERE, XEILE L,
® AR - PR264E1H200 ~2H41
@ ZhWmIEE - 5075
® WAEEH  FEEEOMEIIH 2o T, BITHIRE ORI D SFIT, X4
v R HEREWETRLNEN, BREEFORELRFICIBZ L L, T4l
FHHIZUTOM®EY Th 5,
S HEORF R
s o 73R R L VIR
C = - FAT NG UR
CTELRTHCHE
- BIML TR [FF CIRGE
-G L 72 W HUB O BB 2

2) &b
T—=2 + 547 - NFYRZDWTUE, MEBELREZRDD LI TlER V. LA
L. —ADE DR PORHEEEBR 2O &, RESPHBAGZ L2

— 110 —



T—PAIANICEDT =2 - 54T - NG VABETLED - THTEROME
WTHEMHRAEETVEIR - EHTE L. TAL MEFLAFOMA] 285D
DTHAHILITHGHILVESL S, 72 FONT yRE, BMAIKL->THRES
bOTHHL, MUEMATH>THTEHETY,. PEENLREIA TAT—VOE
LI TNT Y RIIEILL ) 2B DTH %,

L7z o Ty RFRETH DT =2 - 547 - NF Y AZDWTIE, HHIRE
i, IR, T =2 A AV, RAREL I Lo TRED 2 EHEHICEE
ENb, 2IT, HIICHo Tk, WEHREEFLLOR#EHL LIEHEOK
PP CTHLRMET— 5 OREEEE LT, HCT—2 25 4 V(& F) D&
WIZEHL T Oz DI E L7

ZOHHIIH Tz o T, AWFFEAFERE - EHOEBICEMEZE LTV E I LH
b, F&LTRbkKirzarhke LT, D=2 25 AV (BE )T —
74T NG YAPRT LD - THETERIIOWT, EESMiPr 0 AEE
WCEko THEZEL, ZOREPERNEZLRT S L IIBD, £/ FE-
TECE#HEOPTDH, FHETCTHEANTVRHH K L TIRFH5 2 v,
F b - FETCEROBIENILEER EROBEOFE R TR AT, B, 7T
DOIEHLBELIZ 372 > Tid. IBM SPSS Statistics ver.21 % i L 7z,

3) fi B L
RAEFEEE L3 N COMIEERICB VT, B RO ZEEAEOMA
TEMRE T 8 2y L, PR ECIE IS 0 720

3. MRLEE
1) %% L 20 LRI - R
FEHOBYED S B, FLb L OMBRETERIZOVTETROMEY T, FL

bEOBBRTIE [R8] 2%935% & &R0E 22, F7-, 4End [35~457% ]
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HEE- 7)-5 2 2 (5.1%) 18 (46.2%) 13 (33.3%) 6 (154%)
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6%  16%  00%  29%  00%
FTINS UIEON 2 6 1 4 0 13
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Y5 EICR BN A SNz,

7ok ziE WH L THSOAEEHEE»FETESED,] Ll Thoz
ATA THECOREES HAHOAEETTORYNI L] (524%) 13 L C.[B
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ReEBoiz, MBEHTHNIUNETHOHNEZTEFETLIHICL-TH, TN
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AT APBNEIZIER7-D DK TH S,

— 122 —



D=0 ATANCEDT =2 - T4 T - NG YRAPETFED - THTREROME

H#E9. FETTARUIILTAZE(MA)

n=503

TME~DBNRLY ZFFoOZ &
102D~ F =N — A EHIMT D&
9HANTTEAILIFANTTS L
6IEARRAEIEB IR I HT 22 &
SHADKFLRBE X Z NBZDHZ L
5.EEEIRICTLHZ L

4BTF TS SASNH D

I ———— 1 96.6
S ——— 963
S 95.9
—————— 95,9
S—S——— 941
—— 921
S 89.7

Ze&
15 FRCR LA A 5 2 & s s e 81.3
BHARLIZ SASNDH Z L e — 78,3
120 FAFAI L s 61.7
QREL L —HEICESZ L e — 57.6
LIS TS T & ——— 57,2
LB b2 KEIC T 2 2 L s 48,7
14. 2007 FREA(IEX 92 & mm—— 43.0
134 EREA 52 L e 33.3

0 200 40 60 80 100 (%)

BRI 7% /L L, THIEANOBCRL) 2RO L] (966%). [H&0
TF—RNV—VEHIIOTLHIE] (963%). [HHTHRLZEIZHSTT 3]
(95.9%). THEARWETEHEZHICOTLZ L] (959%). THHFOERELREZ
ENUEZ 5] (941%). [HEELEICTS] (921%), [HTFTHrhdHbI L]
(89.7% ). TEBRRPBLLEILEIFSZ L] (813%). [HR L SASNDH I 2 L]
(783%) B XFaFAI L] 6L7%), [K7ZHL—HMICESRZ L] (576%).
BN CESRZ L] (572%) & IBEEFI2EE I LT, FH LoRi#EE D
%R LTW

ZHLTRLE, FHETTRYCLTVWAZ L 3EEL. SIKIcb 5300,
B TXFRE AEFEZAEZE LD S, AR ) RIERNAGEE -
BEOERICHE ANTW AT S,

%B., BNoMEBHTEZ% 2, ATV (NAEK) EZNS15HE &0
s AR EIT o720 BRAEETIRON D72,

— 123 —



T—=TAZANZEDBT =2 - 547 - NG UYABLETED - THTEROMZE

e. &b - TH CEBROBIERILEIE

RKNT, FETTRPIZL T2 b 0oDOEI5HE O a2 7 — & 33
HINCERE T 5 O F 0 217 o 720 W ERE Ko R Y
< v 7 AET, BEAMHELEL L, F5E50% EOBiR, 530 0RFAh S h
720 HIFRIOICHM S N7z OEFH HEINCHFERTE), BRI EEZ O

WFATF 2R L7z
R#10. FHPIS hiz/rBoast
kS FI > A i il % > S P Wit o B 5 A
&EF | D % | B % | AR | GO % | B % | AEE | 5O % | B %
1 6.359 42.393 42393 | 5885 39.231 39231 | 3190 21270 21270
2 1.408 9.388 51781 | 917 6112 45343 | 2441 16273 37543
3 1.336 8908 60.689 | 853 5688 51030 | 2.023 13487 51.030
4 926 6.172 66.861
5 689 4592 71453
6 657 4.382 75.835
7 559 3727 79.561
8 485 3235 82797
9 459 3.059 85.855
10 446 2971 88.826
11 400 2.666 91.492
12 355 2.367 93.859
13 .340 2.269 96.128
14 324 2162 98.290
15 257 1710 100.000

R WL BRAT5

Rk R

AT 1 2 3
1 677 560 A79
2 732 436 524
3 084 -705 705

-l ER T3 PR Kaiser OIEBLE B D N )Rosalk

— 124 —



T=2AFZANCEDT =2 - 547 - NS YRABETED - THTEROWZE

X212, WO K175

HH W
1 2 3
WhcilERZ & 142 679 142
Kb e —fEiiERZ & 241 569 224
Bk SASNDH) 2 L 186 751 209
R QARG- BN (% Rulp 354 534 154
SRELRICTH L 496 513 212
HEARMEGFBRZ T2 L 623 299 194
FA~DENR) 2RO & 752 .300 124
HAOSHLREZZ NIER B2 L 675 194 321
H/PCTCT&AZLIIHSTT AL 673 128 208
HEDTF—RN— Ve HFIfHTFHT L 733 210 216
fEfR AL KRNI T 52 & 271 271 545
PG eSS N 231 250 597
HEFEZERZ L 090 078 669
BV i R Uil oo B 186 142 577
PR L ZINT A 2 & 368 324 400

R ERFE Wik Kaiser OIEFLZHED N U2k 5 WO KA CTHERIZPUR

COWFHHRERSPSIE, FHETCTHEZLRTWEZE (REICLTwE L)
153 H it bl 5 S FA RV S b,

BINFIR<HSBERT >, MEANDOBRWR) 2RO L], [HaovF—%
V=& HIZOFLHI L) THFOSRRERERE NEZ 5] TAS TSRS
CLIHESTT S [HRANEFEEEHICOF S L] TRYWIRTAMNREZR
L. fta~oliiiil, HoEHASLHEERDED- 0L b S,

F2RTI<7 7 b FTRT-> THRE L SASND ) 2 L] B TlER
Zl] THICHEVHRTANRZRL, 2ofl [KEb L —fHickEsz &, THT
THENDHBHI L] [HEE2LRICTE] THRVWRTARKREZRL. T4 - AR
EHLELAMELANEDAND WV, BEZEDZLDEEDN,

EIN TR <HENT >, [FHEFEZZEAZ & [HRXFEeEsI b ), [0
M7 F e LS o & (FRRRm) | Mae bd RicT 52 L] TRV

— 125 —



T—=TAZANZEDBT =2 - 547 - NG UYABLETED - THTEROMZE

TAMRERL, HELHH. bR EAZb DL BbN D,
FZHIDBZOEETETTHEARTVSZE, KWL TWAEI DV —
TEERT LD T, [#atk] & 7Y 7] & T#HRE] ovwdhn
N1D. HBEVIE2D, 3IDHEERICTHoTONHERZEVTTECEZERLT
WBRLIEZ b TLT, ZOHIC [TYMRT] EELTnB2LiE, 2D
HAREALBIITOTETCTHEANTVS I, KEIZLTWD I & ICHMmM
R ThAbo

LFEBDIFRICHEFETLL

FTEDPRREDL ) BRANIHZ > TIELVOR3IDFETHEIFL FNTHRADL L,
1467 THGOREEZRWIZT L A] (789%). 247 [KAZKWIZT 5 A] (653
%)\ 3HL [B NI E T v N (596) 25 Efi & 7o 726

HRACIE THECRED AT 2 A (189%) . [T h ) oM sn b A) (128
%) [REFHNZE2HAN] (116%). [HED720IcRET AL (107%). FHIC
L THAOEZZHEETALD (719%) [V—=5—=2 v T70H2AN] (711%). [
ATY EAREDN] B7%) DA TZ,

DF D, HRWETIED S, ALorrbh, ARBREEHLVWDIE [RKIE
RENEZRIIIL, BAZEKREZPTEVWAL TALRTELOIFRZHRL T
WBZERATERS,

Ihk, BEZOERINCAZL DD, HEIZTH L, ZORD O ILERHED
R BBIEE THEDOLDIIRLTAL AL iz TKAZREIZT 5 A
PRAT WD A SND. F72, (26K 2R L. R0 ERE AT <
513 MEANCREENT BAL EHCRAERETLIAN] 3542500 &
BIINT BMEAARALND, LA L agdEENSr o7 [RiEERKENTT S A
TIREHBICE 2EVWIERONE V. T/ T—=2 A5 A VB E ) HITIZHL
S7ZMEDEMEIA SN, BHOT =7 X5 4 ML) b, TEHDRRIC
WS 5 Licid—EokmtErd s L Bbhs,

— 126 —



T=2AFZANCEDT =2 - 547 - NS YRABETED - THTEROWZE

H#13. BEZOEMRMOLALNCE>TIILWA (7 0 A& - MA)

[ D4
MR 25~345% 35~44i% 45iKLLE AR
V== ThRHIN 0 9 22 5 36
00% 94% 6.7% 72%
e KT B A 4 80 259 54 397
1000%  833%  792%  783%
2 EEEZETA 0 9 26 5 40
00% 94% 80% 7.2%
r KAERENZT DA 3 75 216 37 331
f»; 750%  781%  661%  536%
{;‘ AICEEZE TRV 3 43 208 46 300
% 750%  448%  636%  66.7%
fi HHCHROEFET LA 1 12 67 15 9%
L 250%  125%  205%  217%
» HEDTZDIZRLTA 0 7 35 10 52
00% 7.3% 107%  145%
DAY LEX DA 0 2 11 6 19
0.0% 21% 34% 87%
R 7 A 0 16 33 9 58
00% 167%  101%  130%
FhOPLUMShEA 1 16 42 6 65
250%  167%  128%  87%
it A 4 9% 327 69 496

* 8=k V7= VL RN OIS EH R E HICEHE

4. FRTPZT

M2 THGOEEF RIS L2 ] [TFEB3EL LWV FE TEFBIEZE
FIZWTHhIFzn], 2F ), FETCHHAGTOAEZH BRI R L7zwESL
DOIBIIHE Z TV b,

Lo L. TETEHNT AMEBRICASL LIS TA: THETHKREZH B
DEEFHHBRYIIL72w] (515%) 1K LT [B: FEHDODITIE, BN
FATHDIEI LD ] A71%). TA D FELD3EL VT TIERE D
b—Hcwz s kv ] (5L7%) 1SR LT [B : B82S —~#T% < Th,

— 127 —



T—=TAZANZEDBT =2 - 547 - NG UYABLETED - THTEROMZE

FEE L > THETRIEV ] (465%) L. ZNENWFHAITITHIL TV 28T
BHZ. 29 LAMEBIAZ T 2 54 LTREOT =2 - 547 - X5 2 %%
LhrZ L3 LWE L5,

—F. BHADFFETORTHLEBIIMIN 2N THED0EARDL E RAICIE
MBE~DBNR ) 2O L] [HEDYF -V — Va2 HIfHT2I L] & E
HABHLHEN ZEHE 2SS BTN H5<TY FFT7 (bAXORT>IH
RETEASND ) LRI TCERZ L L [KEZbE -SRI e | T8
TTahdsrI ] [HhELRICTE] 2 THVRTARREZRL, B -
HARZPLELERESLANEDSEND W, L GDHFARL SN2 &id,
HIBOEE L HRBBE LB b0 -2 - 547 - NF U ABEZZ LI, &
EhFEd - FETCEMIIR SN R EVZ LI,

BEIC, TEL - THETET29) AT, WOBRESLERIENLSNTVE LE
I EWVI VIS, TIE] 254.0%. [V 2] 2340.0% T Tidv] 25 Twnz
EHETEEYD @KL D

B T3, HURIC X > THARARELHAERL TVRARL S, 22Tl
B fEATOEHIBHINCRZ D ONRIATH 5, HIEET /N ERK)ICE -
Tl WO BEMFTICIANSE =2 —F 7 VX TH D [ A/NERK] L
RERDIHEA S OHLES [ BRI ] Tl [EFESNTWE] LT 2EMNZR
ZN588%. 630% &P AEMZ BA%, WMHHOESD IR E TS [C/Ah
ZRK] TIEI333%ICE LFEF 5TV T5HEND S,

K14, HEATORZHIBRENOFHFTICERE - BEFOHP STV E 0
BWI T8 CISBH - RRAAES SR TVR S0

EHpIhT0d EpShTnivy B Exil
A/NERSBIX 133 91 2 226
58.8% 40.3% 0.9% 100.0%
B/ANERSIX 109 62 2 173
Jai f: b3 63.0% 35.8% 1.2% 100.0%
C/MABHX 25 49 1 75
33.3% 65.3% 1.3% 100.0%
Dz oAt 6 1 0 7
85.7% 14.3% 0.0% 100.0%
it 273 203 5 481
56.8% 42.2% 1.0% 100.0%




T=2AFZANCEDT =2 - 547 - NS YRABETED - THTEROWZE

MOBEERLBEITED - THTIE [ErShTwE] L LSS, To
AEIENTVEONEZRZE A, &ETIE THRULIRH) 29EE] (807
%) [ERAIEE (FERAR) ] (485%). [HHK (BB, R L) (471%) LH
RDIIALE o 7225, MBI TAL EZNEFMLETIE RV =2 —F 7 YHIXT
b5 [ANERIIX ] Tid TR > 7 — R RS MET] 25 Ihdifo [B
NERIX ] Tix THA (BB, Bz L) ] THR (IIRH) 2585 A5 10
Wik e 55 [C/AFERMIX] T [HAPEE RERAR) ] 25, ZhZhix &
HARTEHWZ EDHYD, IO BREE: - BIRPZ0F F RSN &2 D B
WRELoT

LT ORKTERRD %5, KBROTETNOEGRLENTFEHETCLRPHHE
EROZ L, THECCHT 2 MiER, BB L7 —27 A5 4 MK 2ENIEHED
ENBL0D, LeEL, TETCRALDT =2 - 547 - NG VADFEJICER
ZNOMIFO ARPREEZRE D AATTIFA VL TWBIENHZ 5 H T, BT
BT HMBOBHEPHKIEZ R LN 50T LY - FHTEXENY AT L
DTN BB V25D TR BWES ) Dy

G
1) ARWEZEIE, P H244E HE H AR AR P S F 78 2 0l B 4 (BEARA 2 (C) - BT 5:24530773) [Hk%&
BIRAGEHLMEF &S - FHECKEAY V7 =205 ) BT 098] (gefks
BARFET AR E A~ AT PEET N ORRO—BTH ).
RN BES 5B T O ) TH 5o
L $ARET - MGARE— - AAHEET - IR (2015) [HSWHEZEHLNEF LS - 7
BCXHAY VT =2 0d ) HITHT B0 - WF7e s Riltid - |
2. WA — - WHBELET - ARG - SARET 2014) [REERHKBRZ NN LT L) -
T TR - EHRIE AR EEBIT T OB R A © — | [ArE PR LA g ik & 4853 Il i
FEREWFFETE w4
3R (2014) [T—2 - 547 - NG Y ABREEFED - FH TBHUCHT S HFE—EH#E A
FERBI T O MMGRAR R 25— [HAF &b RERLFA S BN ERREEEE]
2) KRR BN OO ~/NAROELE LT TOFEL PV LT XTTFE T 2R E T 2BEN
AL LTRENL b O T AMBERIIS07E, AARORAMSFHOWE £, MEE ORI
DL oo, CORMBHPREZFOBEZHRL LI REOEFICHIET 5 0TE RV

— 129 —



T—=TAZANZEDBT =2 - 547 - NG UYABLETED - THTEROMZE

I L7z,

3) T LREBOBREBRO/NY — ALTIE, (RHUGED ARIR) (FEULRL) 2 (HER) (W
VR (FF - BRIR) & EDRBETHES T CHV SR, ARD S 72,

4) WEITAA (1995) Tlid, [ROMEEICE )R E DL B ] 13453% T3, [FLHEHETS
DIFFE L] 1320.8% T5o

[51H - 2 3Cik]

LRIRBEHITF (2006) [T —2 T4 73T » Akb~] GG

2.3 ST (2007) [21HARH A AR

SHEIT T A AT (1995) [Ffit & KRB S 5 [EIBR LA |

4JE A48 (1996) [RS4SR 3]

5.4 v L HEMZEMIEL > 5 — (2006) [EE3MIROANT > r — Ml FEAHA
6.BHT (2014) [T B &% - 1% TIHRSHEE W S E D720 O F-F TS % = — XA 51

— 130 —



REARRICB T 2 BB X 5 PR LR
— b (LS E0) ] OHUEWE L IBBIIHNEHTT —

Outlook and learning outcomes by experiential learning in early childcare
and education training
—Focusing on education content and practice the process of teaching materials

"Tanabata Matsuri™—

B ES
MUROI Yumi

1. IILBHIC

AREE, REEL L COMBOBIN,. B2 EERMIIEE ) 72010 [REBRFY
REEAL THEREANHARA TV D, ZO—BE LT, KETIIOADER
THEO—2TH D [LY ] #%¥FoaL LTIY BF, SA0RBIGE (8 &
W) 2RETH [LIE] #BL TV FR2TEEDNSIZHME & DA
WHEZKIFICEE Lz, Z2OHRE LT 28RS DER~OHEEE e,
REFTOEE, ERTOERLRESREERPEZITVDLIE, —DO DR Z1E
D EIF 3720 1B TR R OZOHBRBICBOTOEBENERHLLEDLYD T
WS B+ REEOLERDH L L. RSB D 1 X bz g,
HHEDIZLHOAMPBWATH S Z L. RIMENCL MWD ST LH I
TERBDPZLVEETH L I LR EOEIBIT O Nz 22T Ly T2 ]
EABEEZ, HNEO [EF] L) ERITHEL E B LT, HEOLE HF
L. 8 SN2 BEHER O F 52 EBRNICER, ORE - IREE - w3
BIND [HEAE] 2BEL, [THROMSHE - FEEIZOWTHRENIZZR, O
BAERSMMOTHEICT 52 LT, MREKEZ NS & & b2, PAMERE SN
b, HOOMAMM L2 HIET, L) 3 MEBIT.

— 131 —



REFRRICE VT 2B EEC X 27 ERR L R

SRIOMETIE, [LFE2D ] LI THOENE X O, EE L mEHE
B roEE, FEORKEB LU . REOKEBRFFH BT 5 HFEEL
FEROWEZWSNICTLHZ ExEDHMET S,

2. B [LAE2) ] OME
A EoN) OMEIR, DTol) TH b,

el fte H I P 2TAET A4 H () 13 A5 17 1K 30 43
WA EEIAR SN A T — ) —Fi RS, BRI

L R e N S ]
| RHBROm L. 75 A CYER (T2 E ERERL)
WIENE | o, ek
| BRI SATEIVEE 24\
migsn | F05 TR

¥ 5| 157N

144 EEEE, A VT v 7RI F—1H/EI8a~
HEA IR [H] 24 RATHE, AFNVT Yy TRIF—TARSav
¥ (9043 x 8 = = 720 K fH])

LA EODEBMET HICH2D . RFOFEE (LT, IEEEEwS) LH
BHBEPSEHELAZ LT EEAHS [EF £V ETRER] & NUARSHEST
FEE] RSN AL ETICBWTOEE L HHIRO LN DL Z LIk o
7oo 720 FEARLNTWE I ERSL, [/NINNLELY EOHiY) 37— ]
AT EEERBEL, {$72F LRER L OMEHREZ R 2 % SHug &
DR EEHRL THEMICH 2572,

3. WFsEh %

FHREFES IOV TRIISAD 2R 21TV, KAB LUz To7. ZL
T ATHICENT 72 a0 A & 84 ], S H oM@ CREME M2 o[98 ]
D2 S FHEAGOFHBEREI LN TEI LI
(1) FAAS

WA 2RI R PR E F R34 183 A

— 132 —



PREATRICH VT 2 HBEBC &L 2 HHCR L RS

(2) AR
R 2TAETHEH k) ~17H (%)
(3) WA #ilh. Bt B MKTA
(4) EIRHIHE & BRI
LtH Eo0) MW o T THLY] T8 [#@H Y ] 2 cahz,
F9, MRS BIT 5 REANOMFE, REOMWE, ERE, BEELE
ML7z0 KIS, BHOREZORG, FHEABHOREK L2 &, RO,
R & BRI ICZ: A7z,
(5) fiBRLRE
BRARAEZ ERT 5 12H720, MAIREESNLZBETOT—F AKE LW
CERIFLD, BEAERRECHTINELR T A CHMEZITI L BAR
BHRAWRMHEIRHCE OV CTRAEZ E L 72,

4. AR

H&E1E 156 A WERE LT LAEAE 75 AL 244 81 ANNIA L7z, HEFRIE
852% TdH o 72,

LA EO) AT HIH), RENTHLUEEBLIOLY o) ETEH
KPR OISR AN EENE L HH L7 0%, FEPSHFE L0 ED 2
FonTairz, (X4-1%M1)

HELuh ot
4,54

BRERCETOHhER
HTIRF+5TH
RTELL
22.4%

n=156

(X 4-1: £4 F2 0 ICBIS % 3B O Bl

— 133 —



REFRRICE VT 2B EEC X 27 ERR L R

MZENOHHA T CTE 2] FHEE3H, [ENREPHYUKBICEMT S
ECHRCE] AR IFMERIN, —FHT [FEN, ETRECHYHK
HOBHTEIATFTHY . B TELho7z] FEF 28, THFL 2h o 72
IR 5 %AEEE N2,

WIS [ 7 T AL TRFEORMEZAIEHCTEE L] EFhk, THLY]
TiE, S5HOZAD [MEROREN FEAIFEHCTEZ] LHEL. 3#D
SN [RPPSEMIGHTEZ] LG L. (K42 )

(%6l ] COMBRIC, SHOZEAD [BERORENE N FEARIIEHTEZL 3
HOFEAED TRPASHEMCTFATE L] LEE L. (K4-35H)

M U] T2 CBLTIE, E553 8HE2BACHRONAMHAFHLZE
WZ L7,

04 HRHE \
2] |

oA |
&R
51.9% il 52.6% |]
) ||I
fll /
,/n= 156 7 n=156

(X 4-2:TH L] EROREROMNTT] (1K 4-3: [ ] Ef ORI O]
SHIT, BENT [HED ] ORI 2 [RBMIZSML T Ler] La

R THAFOFEAED [REIICSMUE) RS HOHEN [
mL. WY b se) LmELZ, (K44 2H)

— 134 —



REFRRICH T 2 BB FEIC L 2 FERA L R

T 0, RN
"

T
.
YR BB

mYRZD

n=125
[ 4-4 : T#H Y | #EfEO R O J7]

WIS, FHEEBPEMS L TEORERR L2202 THLY] & [260]
ZNENT, KIH 100%. w/ME 0% Tz,

ML) Tid, 36 NOFAEDPSHBREHMTE2EER, HVT25 ADE
ABHREEMRTEZEEE L. (H452R)

25

- g NI
(X 4-5: TH L) A B9 2 FHRE]
[$eii] Tid. 30 A 9 RRERMCTE A2 LM% L, Hi»T 26 A%
FEA S FREHMCE A2 L B L e (X 4-6 1)

— 135 —



REHRRICE T 2B FEIC L 2 F R L R

30
30
25 -
20 -
15 -
‘) l '
J ' l .~ n=156
olo olo of® ol® ofo e °\° O'P
) ) ] ALY %
N B I A .f‘

QH .J
\Qr&@@%“@'\“@@

(B4 4-6: [%efii | #EMiIC B9 2 HkEE]

[HEY ] Tl R0 AT DR 2 RKAE 100%. #&/ME 0% THAa72. 36
ANDZFEAD O FARBESER L7z & | Ly HEv T 24 A4S 5 HIARBESE R L 72
EE L7z (47 )

n=156

}qo t,_go rﬁoze @uP @oh ) R P
- - -
R R S R SRR R SRR NG

(44-7 : TEEH Y 1 B9 % 5emk]
ERERIZOWT YHO M LY R THH Y | ORI AG 2R a7z, THLY]

3. FAEO4ED [ROICERZ o721 EEE L. #9505 [R-EWIC X o T
WiZotz] LB L7ze —HT46%DHED [N TIE R o7z] KU

— 136 —



TR HIRIC BT BRBRIOEEC X R & e
VT, T#ED ] Tld, 8EDFEED [RWICENRE 7] L&z, 24
i BN TREDolz] LHE L. (K48 5H)

0 20 40 G0 30 100
| | 4.6

HL 12.0 53.4] |||‘| n=156

T
#hEEY 81.0 19.0 n=156
Il

OXWZER BEMFICL->TER OBRRTHL

(14 4-8 : #AEAHRZ 2 B H O EA]

MACTFEAFPELY 0N OMREEFEAGDE LD, E ) hETRT,
ME L oW TR R 3EIOZAED [RWIZHE LD 7= 1K 5 FloZ4ns [—,
WL D] LB XTI [BLOEDPo72] LI FEDL T1%We, (K49 BR)

[ZED | i3, 3EROFAEDN [RNICE L], 2EERDFAIE [—FB, %
Lozl B Lize —H JEED b 71%E LD hehoiz] EE27. (N
410 1) AE D ICEL Tk, 3FAERIECTH Y AE D ITHED ST, HEST

EWEEENR N,

(M4-9 - ML ZE R L 7H] (X 4-10 : ZRH Y 22 Lo 7=H]

— 137 —



REFRRICE VT 2B EEC X 27 ERR L R

LA IOV DEH. BMENTZRFZZED LD ek FTho72h % JH LY
L [#EY ] cehzhail,
L] ICBML TV B REZOMT 2 R T FEE 112 Ad TR LATW],
1L A2 [BATWL 23 AA° [HEMIY7Z -7 W& Lz, 4D | Bl
TWRREZOMT %R T, R 95 AOFAET [HLATWZ] 48 AiX [
ATWz] 16 N R 2Z-72] Mg L7z, (K411 &)

0 20 40 60 80 100 120 OO
N * 111
=3 [

A _ﬁ 12
moLo B8
ES _ﬂ 9
HiiE R _M 23

ot ==y 9 mHLY CREY  n-156
[ 4-11 : BHBM L 72RFFHORT T 2 2 E0 R 2 K]
BB, B EO 0 SRS HORNIIOWTHRAL, S5EDFEN [AL—

Aot EME L [ —3MED D o 7255 0B TE 721 & 3SHOFAENREE LT,
TN EP S 72 L BB LR, 58%Thole (M412FH)

— 138 —



PREATRICH VT 2 HBEBC &L 2 HHCR L RS

n=156

[K4-12: £ o) JHOLERDOFTENOHKT]

B RS A 5 EEER E COMBICBW T, ZEPLY EO)OEFRAM
WHEZBL72hE ) e BHEROBHOBNORTIZOWT, 71 24EE
iTo72. (F41ZH)

ThHE, [RENTHHZIML72] BIO [ETRE - HAREICHEMT S
CLETHMBTE] FEE MHIE [RA—=X7Zo7] &6l APHE Lz, —
JiT [HEN, FITRBRHLEBEOFYTEIA T TH Y BETE hd o]
ERELLFETH Y B0, BHIE [RA—XKo7z] L 12 APELETHED,
[—ERREIE D o 72 ASIET & 72 A3 16 AHSHIE L7zo

Aol ST Lo |

SR T AT 2 16 2 s
FATHRH - FNEH

IR L CHE 31 15 3 6
RN ORIl

-5 CHRT X 750 12 16 3 4
YR o7z 2 1 1

e 3 1 0

(#£4-1:TEH OV | ORI LY HORFHEFHICES 2 /K]

— 139 —



REFRRICE VT 2B EEC X 27 ERR L R

5. BE

[E&Eo0 | 3o —5E LT#EMT S, EHOBRRS 4HHEEO
WX Lo TWb, T0720, FHHEEIZBVTH RS MR- TIEH 5 P,
DT EEMICI ) S R DS3RT bNAZ 8Tk b, FRICED, [EELLTE
IICBINT 2] L) IE T, %D 2 720 EICTU) BRI AE NS
Ehanf-LiEgsNG, —HT FEAHO LY [#H8] oI 2
HEE L. THLY] CELT—FZVEER. S5EMRETH > HEICEHE
BICBME LTwze LTH VEHESLT LB ZnERIck. [ty Eo0 |
B HIE, FRESFAABETH > 72720, ZREFEITEE. 77 A0ME, 4—
7 VIEBVELSEE AR EH S T 2 LR, [BFE0D] LIdRE 5
B CHHEIC) MU RAEDS— R L 72 THEEER D, LIADNE
fi] CHLTWwIE, —FLVHEIOEBETH 7. [HLW] Li3#EHL2
WHED R 2720, [— NBEME, BEWEES] b, e TH) LTS
DAMBGHY T TNEFT LA TEAN] 278 e @S h, &'
BEDEL otz b £ 2 D,

FEREMTH LU HIE, AR PAENOB T, PEE, K, EBE
RO %%, Brre EROREEND 72, B, EAVE2V0 [HLY] 1Kk
BEKMDOFED &L ZOREEVPBIMBOPLTHolz, FEHRRET LH
DLPT, FLODOEHRES., HLYWOBENZ B ITHY Mg, 52l L2k
RIER LK O M L & FEGBECTHEL, [BLATWS ] [BAT
Wa ] FEHFORLENET LN ERIBRERD. BEBNICHERERR 520
OB olebEZONL, ZI056, FHEEGHAEMPL YD OERKIIBITS
WRESYDZY, 2RORIEZBHL T, HEOBM R4 T 5% Hilik
LTW3LEZ 5,

SO, [ ED0] 2T A1CH72oTEAL L TRMOMBME 2 L,
R HoRh OB T 237z, AEKETH, TYHORANAL—-XT
Hote] LMELEEDSE QL. BARBCTHMZMFECTETBY ., FITER
RHLHBICEM % L CHRCE LI ENHS IR o720 LA L S H—EH
EH o eV TELE W) FAEE, MEOHM IR 2 ME25TIZRET

— 140 —



PREATRICH VT 2 HBEBC &L 2 HHCR L RS

Holze INHOMBIIHLT, [LFFOD ] LI FTHITH L CHiM &SI,
HREICRA TV AR EAEMICHMZEC 2L LT, BAMICHEBL X5
EL. BEERMIATHIL TV 20 TII WAL EZ S5, —)T 73T 2 BhF%
DR THTREVEER, REICEAMETHIHE. EFRT—2OYFITH
DHTGIRINCEDI NS Z EPWFRFEICE > T, HHZHFL YT, #
L TWahoZz LTS [EHIN] ICREZBL TN ML LARDEND,
FDID, RO EDEMBVIRAFEA U, 4 H B TR 2 fERE L CHR % o
O, ATH~KEODIT TV B EER 50 BHIZHMERD > THIETE 5 HH
. FEBSORMHBRE D PR TV 5 2 e RHRISE LRI E T 50 5
EMZDHILLETEDEEZ DS

6. iam

A TIEEED LY OV DL X DI X 2 KA LFHMiA S ATHOMES
RO, EE R EHSOEE, SEAOBMFRLRERMOEH, YHOR
BN 2 ISR RFE O RNE, REOKBRFFICBIT 2 FHBEE WS
MIL7ze 2L T [EFE2D ] L) FHOMMEE S FEIZE 5T, HEY
WKEBITDIREO—HLE L oTVwAI EPHLNII R 572 FRIZ, TENK
WEIER L, BURD S REBZHZEEI LT L] 2 [HO OB LK
B2 RFEIIRT DI E T RFEEPSORISERAIDZEDNTELZ L ]H
SOTEOLTICE o THRONIER G RR TR L] BLERERTLIL
WCTEREEZ D,

LAL&EYMS, SE0OMETIE [t 20 ] #THROFRFM (C) 258
BB (P), EEERE (D) SoJRER L2720, PDCAYA 2 VR,
ZOWE2 BB EZH S 0ICTHICR > TwWh V. BRI FEERE L
B O BRI FEBPEAICS O TRREHSNICL T L RETH %,
MZ T ATFCBT 2T ORI LT ZAEFED &5 IR 2 TITHRICH
Mol haiBT A LN TE LMol T Ty FAHGOTHEIIHT L
i EMETFAORZ T FFHT—2o0 HEIZ T TR MENAENORZ F %
HANCHRT 2 2L T FERBICI BN DLEEZONDL, TNODOHESG

— 141 —



REHRRICE T 2B FEIC L 2 F R L R
LTS LB SROBETDH %,

7. BbYIZ
SEOITHREZRMET 212H72 0, WEERE S TOMEERH & ITRIFLLEE LT
WY MAZZ 0, BHE, FHELL FRVRECRBE L ED TV EITho 7,
ZO5r FEEHEPE UMETHB T IHREDLE Do, HHBSOREE
FHREOITHRERITEODITF T Z LD TELN, FAEBEPLHENRE
RTRIG HRCOKRERRME o720 SHROMWEEMN 2EM L LTHERTS
a7z, FAELO [ OBEEERL TFEERENE B L T S et
HEnb,

F70. AR UITHOMELZ T 5720, £ REBHHEEZ V72720720
NIBTRG T2e, /NI P30 B S BUGER, A0 B3 2 b <72 v,

8. ¥F (L& oY Dl HHORT)
DLy GEE - »&50L) OERTER

— 142 —



PREATRICH VT 2 HBEBC &L 2 HHCR L RS

OM & e, RAHERR

— 143 —



BRI B BRI X 5 YRR &R
OUHOALIEWR (FRek). i shzf (Tait)

©mK Lt s i CEE -

@
3

— 144 —



