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Introduction
　Empathy is an emotional response to the 
emotional state of another person (Blair, 2005). In 
this regard, the response that one experiences in 
the same manner as and warm and other-
oriented feelings about negative emotional 
experiences of others is called empathic concern 
(Tobari, 2003). Elucidating the developmental 
process and mechanism of empathic concern is 
important not only for parents but also for 
educators, because the Japanese children of 
today are expected to live with people from 

various backgrounds in an increas ingly 
globalized and diverse society. Regarding the 
developmental process in Japanese samples, 
empathic concern declines in the second grade 
of junior high school (Oyama, 2018) and increases 
from high school to college only for male 
students (Tobari, 2003).
　Alternatively, regarding the developmental 
mechanism, scholars have examined the 
biological and environmental factors that lead to 
individual differences in empathic concern. 
Examples of environmental factors are parental 
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Abstract: This research explores the relationship between understanding the emotions of others and 
feeling one’s own bodily states or interoceptive awareness. In Study 1, we developed the Japanese 
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interoceptive awareness in Japanese youth and administered it to 374 junior and 812 high school 
students, respectively. Factor analysis identified seven factors, namely, regulation of attention to 
bodily sensations, control through attention to bodily sensations, somatic awareness of emotions, trust 
in the self-body, control of attention to physical discomfort, awareness of physical sensations, and 
tolerance to physical discomfort, with only the seventh factor exhibiting a slightly lower reliability. In 
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warmth, sensitivity, and emotional socialization, 
which increase the capacity of children for 
empathy (Spinrad & Gal, 2018). For adolescents, 
however, the contribution of the quality of 
parent-child and peer relationships to empathy 
remains ambiguous due to the use of different 
indicators of quality of relationships and 
empathy (Boele et al., 2019). In recent years, 
scholars have discussed that the quality of 
attachment fostered with adults may contribute 
to the development of the capacity for empathy 
as a basis for or a moderator of the development 
of empathy, although various environmental and 
contextual factors operate from childhood to 
adolescence.
　How then should individual differences in 
empathic concern be considered in terms of the 
mechanism that generates it? Yamamoto (2017) 
presented a combination model of empathy to 
demonstrate the evolution of empathy and 
various empathy-related phenomena. The model 
is composed of three organizing factors, namely, 
matching with others (experiencing emotions 
that match the emotions of another person), 
understanding others (understanding what 
another person is thinking or feeling), and 
prosociality (motivation to care for and help 
another person). Empathic concern, which refers 
to other-oriented feelings elicited by and 
congruent with the perceived negative emotional 
experiences of another person, include the three 
abovementioned factors. How does the ability to 
perceive the emotional states of another person 
and reference them to oneself contribute to the 
factors of empathic concern, especially matching 
with, and understanding another person? In 
detail, is referencing the emotional states of 
another person to onesel f  needed when 
experiencing emotions that match their emotions 
and understanding what they are thinking or 
feeling? In terms of the vicarious experience of 
the pain of another person, one theory proposed 
that vicarious pain involves a shared experience 

(e.g., Iacoboni, 2009; Singer et al., 2004), which is 
generated by activating neuronal areas that 
represent somatic pain in oneself. Another 
theory posited that vicarious pain is a reflective, 
cognitive experience that we cannot mimic or 
directly simulate (e.g., Hooker et al., 2008; Zaki, 
2014), which suggests that the pain of others 
may not activate neuronal areas that represent 
somatic pain in perceivers. Krishnan et al. (2016) 
measured and analyzed neural activity in 
somatic and vicarious pain using functional 
magnetic resonance imaging (fMRI) and found 
that perceiving the pain of another person did 
not activate the same neural circuits induced 
when one experiences personal pain. Instead, the 
brain system involved in representing the 
mental state (mentalizing) of another person was 
found to be recruited to understand the pain. 
The lack of the same neural activation as the 
experience of pain of another person may be the 
reason why vicarious pain is substantially less 
painful than the pain of another person. These 
studies suggest that empathic concern requires 
mentalizing, which involves inferring, or 
imagining a state of mind on the basis of the 
actions and expressions of others. However, does 
it require any bodily sensation? Does inferring 
the mental and emotional states of others 
require interoceptive sense, which perceive the 
internal states of the body such as the heart, 
lungs, and gastrointestinal tract?
　It is widely accepted that the brain refers to 
its internal states to understand the mental and 
emotional states of others and that the 
interoceptive sense plays a major role in 
experiencing emotions (Fukushima et al., 2011). 
Therefore, individuals with high levels of 
interoceptive awareness may be more aware of 
their own mental and emotional states, then use 
them as a frame of reference for understanding 
those of others.
　Individuals with high levels of interoceptive 
awareness may be better able to understand the 
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underlying mechanism of the movements and 
activities and to accurately infer the intentions 
and beliefs of others as well as their feelings 
(Ondobaka et al., 2017). For example, when a 
person is walking quickly and shivering from 
cold, one may understand that they intend to go 
to a warmer place. One’s prediction of one’s 
interoceptive state that leads to a feeling of 
being cold plays a principal role in understanding 
this feeling when seeing another person shivers. 
It also induces one’s inference about their 
desires and intentions of getting to a warmer 
place.
　The integrat ion o f  interocept ive and 
exteroceptive information forms coherent bodily 
self-awareness (Palmer & Tsakiris, 2018). A 
strong rubber hand illusion was induced in 
individuals with low compared with high levels 
of interoceptive accuracy, which suggests that 
those with high levels of interoceptive accuracy 
exhibit more coherent bodily self-awareness 
(Tsakiris et al, 2011). Understanding the mental 
and emotional states of others, which may never 
perfectly match one’s states, requires the 
simultaneous yet distinct co-representation of 
the self and others. According to Palmer and 
Tsakiris (2018), self-awareness is derived from a 
sense of interaction with the environment from 
the first-person perspective, which is generated 
through interoceptive processing. This process 
appears to stabilize the model of the self, such 
that individuals can readily and clearly attribute 
mental and emotional states to the self or others. 
In predictive coding theory, representations of 
the self are generated by the integration of 
predictions about the bodily state and prediction 
errors  as  the resu l tant  percept  across 
interoceptive and exteroceptive modalities. 
When integrat ing precise interocept ive 
prediction errors into relatively less precise 
exteroceptive prediction errors, the interoceptive 
input dominates the resultant percept and 
generates the stability of the model of the self, 

which leads to the simultaneous yet distinct co-
representation of the self and others. Therefore, 
high levels of interoceptive awareness can 
maintain a self-other distinction and lead to the 
understanding of the mental and emotional 
states of others, which are not perfectly 
congruent with one’s own. However, individuals 
with low levels of interoceptive awareness are 
likely to integrate relatively less precise 
interoceptive prediction errors into precise 
exteroceptive prediction errors and readily 
update their model of their own mental and 
emotional states, such that they automatically 
match their mental and emotional states to those 
of another person.
　In summary, the first hypothesis of this study 
i s  that  ind iv idua l s  wi th  h igh  l eve l s  o f 
interoceptive awareness or, specifically, with a 
certain degree of dominance of interoceptive 
over exteroceptive awareness are more likely to 
understand the mind and emotion of another 
person, which are distinct from their own 
(cognitive empathy). The reason is that they 
readily use their interoceptive experiences as a 
frame of reference, obtain a view of the 
backgrounds of others, and maintain a distinct 
co-representation of oneself and others to 
understand the mind and emotion of others 
accurately. The second hypothesis is that 
individuals with low levels of interoceptive 
awareness are more likely to be sensitive to 
exteroceptive information and mimic the mind 
and emotion (emotional empathy) of another 
person, because they do not seemingly clearly 
distinguish between themselves and others.
　This research uses the questionnaire to 
examine the effect of interoceptive awareness on 
empathy. No scale in Japan exists for measuring 
interoceptive awareness among students during 
their early adolescence; thus, developing the 
Japanese version of such a scale is necessary. In 
this regard, this research will be conducted in 
two parts. In Study 1, we formulate the Japanese 
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version of the Multi-dimensional Assessment of 
Interoceptive Awareness for Youth (MAIA-Y; 
Jones et al., 2020). In Study 2, we conduct a 
questionnaire survey to examine the relationship 
between interoceptive and exteroceptive 
awareness or sensitivity and empathy among 
high school students.

Study 1
　Jones et al. (2020) introduced the MAIA-Y as 
a measure of the interoceptive awareness of 
young people aged 7-17 years. The current study 
developed the Japanese version of the MAIA-Y 
and used factor analysis to examine whether the 
factor structure of the Japanese version is the 
same as the original version.

Methods
　Participants. We recruited a total of 374 first-, 
second-, and third-year students attending junior 
high school (response rate = 92.1%, average age 
= 13.1 years), 103 first- and second-year students 
at High School A (response rate = 66.9%, 
average age = 15.8 years), and 709 first- and 
second-year students at High School B (response 
rate = 91.5%, average age = 16.0 years) for 
Study 1. 
　Questionnaire. The original version of the 
MAIA-Y was forward-translated into Japanese 
and back-translated by a translator familiar with 
English. The authors of the original version were 
asked about the differences between the original 
and back-translated items after which the 
necessary corrections were made. After two 
rounds of revision, the Japanese version, which 
was easy to understand and retained all nuances 
of the original version, was developed. Similarly 
to the original version, the participants rated 
each item in terms of the extent to which they 
agree that it applies to their lives using a six-
point scale ranging from 0 = never to 5 = always 
(worded differently for certain items).
　Procedures. We informed the classroom 

teachers and parents of the participants about 
the following: (a) the participation of the students 
in the survey would be voluntary, (b) no personal 
information would be collected, and (c) the data 
would not be used for any purpose apart from 
those of the study. They were also assured that 
the researchers would not conduct the survey in 
class with any student whose parents indicated 
refusal. No parents specifically indicated refusal.
　The survey was conducted per classroom. 
The teachers distributed the questionnaire and 
informed the participants of the abovementioned 
conditions presented to the teachers and parents. 
Moreover, the teachers read the instructions of 
how to respond to the questionnaire. The survey 
was administered only to participants who 
expressed understanding of these conditions and 
instructions. After completion, the teacher 
collected the answered questtionares. The 
Research Ethics Review Committee of Kyushu 
Lutheran College approved the content of the 
questionnaire and the procedure of the survey.

Results and Discussion
　Data with three or more consecutive missing 
values in a scale were excluded from analysis. 
We used the multiple imputation method to 
complement missing values, and conducted 
exploratory factor analysis (i.e. , maximum 
likelihood method and Promax rotation) on the 
data set without missing values using statistics 
software R.4.2.1. We determined the number of 
factors at the point where the cumulative 
contribution rate exceeded 50%. For the 
Japanese version of the 32 items, this study 
identified seven factors. Items 4, 23, and 25 
produced low factor loadings on any factor, and 
the commonality of each item is low; thus, they 
were omitted, and the same method of factor 
ana lys is  was conducted aga in with the 
assumption of the seven factors. This study 
examined the internal consistency of the factors 
by calculating the α coefficient for each factor. 
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Except for Factor VII, all factors exhibited large 
α values, which confirms internal consistency 
(Table 1).
　The original version of the MAIA-Y has eight 
factors ,  namely ,  Not ic ing (captures the 
awareness of the participants about body 
sensation), Not-Distracting (measures the 
tendency to ignore bodily feelings of discomfort 
or pain), Not-Worrying (captures the ability of 
the participants to not become emotionally 
reactive to negative sensation), Attention 
Regulation (captures the capacity to regulate 
attention when multiple sensory stimuli 
compete), Emotional Awareness (explores the 
ability of the participants to be aware of the 
relationship between bodily and affective states), 
Self-Regulation (captures the ability of the 
participants to use attention to bodily states to 
regulate psychological distress), Body Listening 
(presents an index of the abi l i ty of the 
participants to attend to bodily sensations for 
psychological insight), and Trusting (measures 
the degree to which the participants experience 
their body as safe and trustworthy; Table 1). 
The factor structure of the Japanese version 
slightly differed from that of the original version, 
and a few items in the Japanese version were 
omitted from the factors or placed in other 
factors of the original version.
    Each factor was interpreted and named with 
reference to the content of items with factor 
loadings of 0.40 or higher, which keeps the factor 
structure different from the original version 
(Table 1). Factor I in the Japanese version was 
the same as Attention Regulation in the original 
version and was renamed “regulation of 
attention to bodily sensations.” Factor Ⅱ was 
composed of the three items of Body Listening 
and the two items of Self-Regulation in the 
original version and was named “control through 
attention to bodily sensations” after considering 
the two factors in an integrated manner. Factor 
Ⅲ was the same as Emotional Awareness in the 

original version and was renamed “somatic 
awareness of emotions.” Factor Ⅳ was the same 
as Trusting in the original version and was 
renamed “trust in the self-body.” Factor Ⅴ was 
composed of the two and one reversed items for 
Not-Distracting and Not-Worrying, respectively, 
in the original version, and was renamed “control 
of attention to physical discomfort” after 
considering the two factors. Factor Ⅵ included 
three items and excluded one item in Noticing in 
the  or ig ina l  vers ion  and was  renamed 
“awareness of physical sensations.” Finally, 
Factor Ⅶ positively contributed to one reversed 
item of Not-Distracting and one item of Not-
Worrying and negatively contributed to one 
reversed item of Not-Worrying in the original 
version. This factor was renamed “tolerance to 
physical discomfort” based on the totality of the 
three items.
　Lastly, this study did not examine the 
construct, convergent, and discriminant validity 
of the Japanese version of the MAIA-Y.

Study 2
　This study administered a questionnaire 
survey to Japanese high school students to 
examine the contribution of interoceptive and 
exteroceptive awareness to empathy among 
high school students. The questionnaire survey 
in Study 1 partially included the survey in this 
study.

Methods
　Participants. Also participated in this study 
total of 812 high school students participated in 
Study 1 (response rate = 87.2%, average age = 
16.0 years old).
　Questionnaire. We used the Japanese version 
of the MAIA-Y as a scale for measuring 
interoceptive awareness, the Adolescent/Adult 
Sensory Profile (AASP, Hagiwara et al., 2015) as 
a scale for exploring exteroceptive awareness, 
and the Multi-dimensional Empathy Scale 
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(Tobari, 2003) for measuring empathy in high 
school students.
　1. MAIA-Y Japanese version: This study used 
the data obtained from Study 1. The scores for 
each factor were estimated using regression 
methods based on the factor structure obtained 
from the results of the factor analysis in Study 1.
　2. AASP: This is a self-rated questionnaire in 
the Japanese language (translated from the 
original AASP of Brown and Dunn (2002)) and is 
intended for individuals aged 11-82 years. It is 
designed to assess the characteristics of sensory 
processing, in which respondents indicate their 
typical responses to sensory stimuli using a five-
point scale: 1 = almost never, 2 = rarely, 3 = 
sometimes, 4 = often, and 5 = nearly always. Based 
on the AASP responses, the quadrant scores for 
low registration, sensation seeking, sensory 
sensitivity, and sensation avoiding can be 
obtained to reveal the sensory processing 
patterns of the respondents. This questionnaire 
consisted of 15 items for each quadrant score (a 
total of 60 items). In the conceptual model of 
Dunn (1997), low registration corresponds to a 
neurological high threshold and passive response, 
and individuals with low registration tend not to 
respond or take longer to respond to stimuli of 
which others are aware. Sensation seeking 
corresponds to a neurological high-threshold and 
active response, and individuals with high levels 
of sensation seeking tend to create sensory 
stimuli or seek out environments that provide 
stimuli to meet their neurological threshold. 
Sensory sensitivity corresponds to a neurological 
low-threshold and passive response, and sensory-
sensitive individuals tend to respond to stimuli 
readily due to their low neurological threshold. 
Sensation avoiding corresponds to a neurological 
low threshold and act ive response ,  and 
individuals with high levels of sensation avoiding 
tend to avoid sensory stimuli because they feel 
overwhelmed, or have trouble with sensory 
stimuli.

　3. Multi-dimensional Empathy Scale (MES): 
This scale has four subscales, namely, empathic 
concern, personal distress, fantasy, and cognitive 
empathy. The scores for each subscale were 
averaged by summing related item scores and 
dividing by the number of items. Empathic 
concern refers to the feeling that one feels about 
the unfortunate emotional experiences of others 
in the same manner and expresses warm and 
other-oriented feelings in response to the 
situation of others. The fact that I feel in the 
same manner refers to emotional empathy, the 
fact that I respond to the situation of others 
refers to cognitive empathy from the perspective 
of others, and the fact that I have warm and 
other-oriented feelings seems to refer to 
prosociality. In other words, empathic concern 
represents a response pattern that combines 
emotional empathy, cognitive empathy, and 
prosociality according to the combination model 
of Yamamoto (2017). Alternatively, personal 
distress is a self-centered emotional response 
that is not directed toward others such as 
anxiety and distress toward the distress of 
others. It is based on emotional empathy in that 
it is a direct experience of the distress of others, 
but cognitive empathy, which perceives and 
recognizes distress from the perspective of 
others, and prosocial motivation, which intends 
to eliminate the distress of others, are not at 
work .  In  add i t i on ,  f an tasy  per ta ins  to 
empathizing with fictional others who appear in 
novels, movies, and so on. Fantasy seemingly 
involves an understanding of the situation of 
fictional others and identifying with the feelings 
of the others; thus, emotional and cognitive 
empathy are likely involved in fantasy. Finally, 
cognitive empathy denotes imagining the 
feelings and situations of others, which is the 
construct described in the model of Yamamoto 
(2017).
　Procedures. The procedure is the same as 
that in Study 1. The Research Ethics Review 
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Committee of Kyushu Lutheran Col lege 
approved the content of the abovementioned 
questionnaire and the procedure of the survey.

Results and Discussion
　Table 2 presents the basic statistics for the 
MAIA-Y, AASP, and MES.
　Correlations Between the Interoceptive and 
Exteroceptive Awareness Scale and the 
Empathy Scale. This study analyzed the 
correlation between the subscales of the 
MAIA-Y and AASP and the subscales of the 
MES to examine the relationship of each type of 
empathy to feeling one's body state and 
perceiving outside of the body (Table 3).
　Focusing only on the relationships that 
displayed correlation coefficients with absolute 
values of 0.20 or higher, we found a significant 
positive correlation for empathic concern to 
control through attention to bodily sensations, 
somatic awareness of emotions, and control of 
attention to physical discomfort. This finding 
suggests that students who easily note and 
adjust their attention to bodily changes due to 
the generation of emotions and control them are 
more likely to exhibit empathic reactions from 
the perspectives of others and to be prosocial. 
However, personal distress was not correlated 
with any of the factors of the MAIA-Y by more 
than 0.20, which implied that interoceptive 
awareness has little to do with a self-centered 
emotional response to the distress of others. 
Fantasy and cognitive empathy were positively 
correlated with control of attention to physical 
discomfort and awareness of physical sensations. 
In addition, cognitive empathy was positively 
correlated with regulation of attention to bodily 
sensations, control through attention to bodily 
sensations, and somatic awareness of emotions. 
These results indicated that understanding the 
feelings of others, whether real or imaginary, 
may be related to interoceptive awareness, 
especially in easily identifying bodily sensations 
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and adjusting one's attention to one's physical 
discomfort. Furthermore, cognitive empathy was 
also related to the factors of the MAIA-Y 
relevant to attention to and awareness of bodily 
sensations, which implied that sharpened 
attention to and awareness of one's bodily state 
is necessary for accurately understanding the 
feelings of others.
　In terms of the relationship between empathy 
and exteroceptive awareness, empathic concern 
and fantasy were positively correlated with 
sensation seeking (cognitive empathy was also 
positively correlated, although at <0.20). This 
finding indicated that the tendency to seek 
specific external stimuli may be necessary in 
understanding the feelings of others. However, 
personal distress was positively correlated with 
low registration and sensory sensitivity, which 
differ in terms of neurological thresholds, 
although they are the same passive behavioral 
patterns. Sensitivity to certain external stimuli 
and insensitivity to other stimuli in the same 
environment may make people less attentive to 
others and their situation and more likely to 
engage in self-centered empathic responses.
　Multiple Regression Analysis with Empathic 
Concern as the Dependent Variable. This study 
aimed to verify whether or not control through 
attention to bodily sensations, somatic awareness 
of emotions, and control of attention to physical 
discomfort, and sensation seeking, which were 
correlated with empathic concern, exert a 

predictive influence on empathic concern. Thus, 
this study constructed a first-order interaction 
model with these factors as the independent 
variables and conducted regression analysis 
using the forward-backward stepwise selection 
method. The reason for using the first-order 
interaction model is that the study assumed that 
the understanding of the mind and emotion of 
others, which differ from those of the self, is 
established when interoceptive awareness is 
relatively more sensitive than exteroceptive 
awareness (Palmer & Tsakiris, 2018). The 
current research believed that the interaction 
between interoceptive and exteroceptive 
awareness is particularly important for cognitive 
empathy.  To be precise ,  the f irst -order 
interaction term between the MAIA-Y and 
AASP subscales was introduced into the 
regression model, because this research assumed 
that when a certain subscale score of the 
MAIA-Y is higher than a certain subscale score 
of the AASP, the subscale scores associated 
with cognitive empathy on the MES are higher, 
whereas the scale scores associated with 
emotional empathy on the MES are lower. Model 
selection was conducted using the Bayesian 
information criterion (BIC). Table 4 presents the 
selected models.
　The coefficient of model determination (R2 = 
0.118) was significant (F(4,698) = 23.248, p < .001, 
f2 = 0.133, 1 －β = 1.000, adjusted R2 = 0.113). 
Table 4 d isplays the part ia l  regress ion 

Table 3 Correlations between the MES and the MAIA-Yand AASP

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

low
registration

sensation
seeking

sensory
sensitivity

sensation
avoiding

regulation
of attention
to bodily
sensations

control
through
attention to
bodily
sensations

somatic
awareness
of
emotions

trust in the
self-body

control of
attention to
physical
discomfort

awareness
of physical
sensations

tolerance
to physical
discomfort

empathic
concern  .076*  .206**  .082*  .019  .122 **  .203**  .218**  .154**  .249**  .192** -.124**
personal
distress  .280** -.179**  .257**  .189** -.177** -.050 -.075* -.192**  .174**  .033 -.077*

fantasy  .078*  .206**  .095*  .065+  .150**  .087*  .181**  .075*  .274**  .233** -.166**
cognitive
empathy  .000 ns  .180**  .069+  .109**  .222**  .213**  .260**  .153**  .268**  .266** -.121**

 +p <.1, *p <.05, **p <.01

Table 3  Correlations between the MES and the MAIA-Yand AASP
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coefficients of the independent variables in the 
selection model and the results of their tests. 
The interaction between somatic awareness of 
emotions and control of attention to physical 
discomfort was significant (b = 0.055, t(698) = 
3.203, p = 0.001, β = 0.089). In simple slope 
analysis (Figure 1), the results of the significance 
test of the partial regression coefficients (α = 
0.15; two-tailed test) demonstrated that the 
partial regression coefficient for control of 
attention to physical discomfort was significant 
at a high level (+1SD) of somatic awareness of 

emotions (b = 0.108, t(698) = 4.383, adjusted p = 
0.000) but not at the low level (－1SD; b = 0.018, 
t(698) = 0.736, adjusted p = 0.462). Moreover, the 
estimate of empathic concern at a high level 
(+1SD ) of control of attention to physical 
discomfort (3.925) was significantly larger than 
that at the low level (－1SD; 3.730). This study 
employed the method of  Benjamini  and 
Hochberg (1995) to adjust the p-values in the 
abovementioned and subsequent analyses. 
Alternatively, the partial regression coefficient of 
somatic awareness of emotions was significant 

Table 4 Multiple regression models to explain empathic concern

Figure 1 Simple slope analysis for the interaction effect of somatic awareness of emotions and 
control of attention to physical discomfort on empathic concern

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

partial
regression
coefficient

standard
error t-value p-value β				

sensation seeking .126 0.032 3.993 <.001 .148

somatic awareness of emotions .063 0.020 3.194 .002 .123

control of attention to physical discomfort .120 0.021 5.709 <.001 .216
somatic awareness of emotions ×
　control of attention to physical discomfort

.055 0.017 3.203 .001 .089

Table 4  Multiple regression models to explain empathic concern

Figure 1  Simple slope analysis for the interaction effect of somatic awareness of emotions and 
control of attention to physical discomfort on empathic concern 
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at a low level (＋1SD) of control of attention to 
physical discomfort (b = 0.071, t(698) = 2.969, 
adjusted p = 0.004). In addition, the estimate of 
empathic concern (3.730) at a high level (+1SD) 
o f  somat ic  awareness  o f  emot ions  was 
significantly larger than that (3.613) at a low 
level (－1SD). In contrast, the partial regression 
coefficient for somatic awareness of emotions at 
a high level (+1SD) of control of attention to 
physical discomfort was significant (b = 0.17, 
t(698) = 6.016, adjusted p < .001). The estimate of 
empathic concern at a high level (+1SD) of 
somatic awareness of emotions (3.925) was 
significantly larger than that at a low level (－
1SD ; 3.645). The result of this interaction 
suggests that students who are more likely to 
physically feel discomfort or pain and to 
successfully defuse it are more likely to exhibit 
empathetic concern.
　For the main effect, the partial regression 
coefficient for sensation seeking was significant (b 
= 0.126, t(698) = 3.993, p < 0.001, β = 0.148). This 
main effect suggests that students who are more 
inclined to search for stimuli for the stability of 
their selves tend to express more empathetic 
concern. For example, students who are more 
inclined to actively search for and pursue 
external stimuli are more likely to try to help 
another person to remove their emotional 
suffering from their perspective, while directly 
sharing their emotions.
　Multiple Regression Analysis with Personal 
Distress as the Dependent Variable. We  
formulated the first-order interaction model with 
personal distress of the MES as the dependent 

variable and low registration and sensory 
sensitivity of the AASP (in the previous analysis, 
both variables exhibited a correlation) as the 
independent variables. Regression analysis was 
then conducted using the forward-backward 
stepwise selection method (BIC). The coefficient 
of model determination (R2 = 0.092) was 
significant (F(2,700) = 35.309, p < .001, f2 = 0.101, 
1 －β = 1.000, adjusted R2 = 0.089). Table 5 
presents the partial regression coefficients of the 
independent variables of the selected models and 
the results of their tests. The study found no 
significant first-order interactions. For the main 
effect, each partial regression coefficient for low 
registration and sensory sensitivity was 
significant (low registration: b = 0.27, t(700) = 4.44, 
p < .001, β = 0.197; sensory sensitivity: b = 0.189, 
t(700) = 3.207, p = .001, β = 0.142). These main 
effects suggest that students who are more 
likely to miss and react slowly to external 
stimuli and more likely to express distraction 
and discomfort responses to external stimuli are 
more likely to react egocentrically to the 
emotional distress of others. Two exteroceptive 
sensory characteristics, which differ in terms of 
neurological thresholds, positively predicted 
personal distress.
　Multiple Regression Analysis with Fantasy as 
the Dependent Variable. Regression analysis 
using the forward-backward stepwise selection 
method (BIC) was conducted on the first-order 
interaction model with fantasy of the MES as 
the dependent variable and sensation seeking of 
the AASP and control of attention to physical 
discomfort and awareness of physical sensations 

Table 5 Multiple regression models to explain personal distress

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

partial
regression
coefficient

standard
error t-value p-value β				

low registration .270 .061 4.440 <.001 .197

sensory sensitivity .189 .059 3.207 .001 .142

Table 5  Multiple regression models to explain personal distress
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(significant in the previous correlation analysis) 
as the independent variables. As a result, we 
selected the regression model in Table 6. The 
coefficient of model determination (R2 = 0.117) 
was significant (F(3,699) = 30.82, p < .001, 
adjusted R2 = 0.113). The study observed no 
significant first-order interactions. For the main 
effect, each partial regression coefficient for 
sensation seeking, control of attention to physical 
discomfort, and awareness of bodily sensations 
was significant (sensation seeking: b = 0.284, 
t(699) = 4.202, p < .001, β = 0.153; control of 
attention to physical comfort: b = 0.253, t(699) = 
5.394, p < .001, β = 0.208; awareness of bodily 
sensations: b = 0.143, t(699) = 3.119, p = .001, β 
= 0.122). The main effect of sensation seeking 
suggests that students who tend to look for 
environments to constantly obtain or create 
stimuli are more likely to directly experience the 
minds and emotions of others and worry about 
them as if they were their own. The main effects 
of control of attention to physical discomfort and 

awareness of bodily sensations suggest that 
students who tend to feel discomfort or pain and 
to control their attention to it were more likely 
to transfer the minds and emotions of others and 
to worry about them as if they were their own. 
In other words, students who are able to pay 
and control their attention to their physical 
discomfort may be more likely to replace the 
physical discomfort of others onto their own 
bodies and to vicariously experience feelings of 
discomfort.
　Multiple Regression Analysis with Cognitive 
Empathy as the Dependent Variable. We 
conducted regression analysis using the forward-
backward stepwise selection method (BIC) on a 
first-order interaction model with cognitive 
empathy of the MES as the dependent variable 
and regulation of attention to bodily sensations, 
control through attention to bodily sensations, 
somatic awareness of emotions, control of 
attention to physical discomfort, and awareness 
of physical sensations (significant correlation in 

Table 6 Multiple regression models to explain fantasy

Table 7 Multiple regression models to explain cognitive empathy

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

partial
regression
coefficient

standard
error t-value p-value β				

sensation seeking .284 0.068 4.202 <.001 .153

control of attention to physical discomfort .253 0.047 5.394 <.001 .208

awareness of bodily sensations .143 0.046 3.119 .002 .217

Table 6  Multiple regression models to explain fantasy

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

partial
regression
coefficient

standard
error t-value p-value β				

regulation of attention to bodily sensations .083 0.041 2.017 .044 .101

control through attention to bodily sensations .019 0.042 0.459 .646 .022

somatic awareness of emotions .125 0.046 2.712 .007 .146

control of attention to physical discomfort .208 0.034 6.095 <.001 .224
regulation of attention to bodily sensations
　 × somatic awareness of emotions

.062 0.023 2.687 .007 .067

control through attention to bodily sensations
　 × control of attention to physical discomfort

.128 0.030 4.327 <.001 .123

Table 7  Multiple regression models to explain cognitive empathy
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the previous correlation analysis) as the 
independent variables. The regression model in 
Table 7 was selected. The coefficient of model 
determination (R2 = 0.154) was significant 
(F(6,696) = 21.084, p < .001, adjusted R2 = 0.147). 
For the first-order interaction, the interaction 
between regulation of attention to bodily 
sensations and somatic awareness of emotions 
was significant (b = 0.062, t(696) = 2.687, p = 0.007, 
β = 0.067). In the simple slope analysis (Figure 
2), the results of the significance test of the 
partial regression coefficient (α = 0.15; two-
tailed test) indicated that the partial regression 
coefficient for somatic awareness of emotions 
was significant at a high level (+1SD) but not at 
a low level (－1SD) of regulation of attention to 
physical sensations (high: b = 0.139, t(696) = 2.923, 
adjusted p = 0.007; low: b = 0.028, t(696) = 0.621, 
adjusted p = 0.534). Moreover, the estimate of 
cognitive empathy at a high level (+1SD) of 
somatic awareness of emotions (3.68) was 
significantly larger than that at a low level 

(－1SD; 3.42). Furthermore, the partial regression 
coefficient of regulation of attention to bodily 
sensations was significant at a high (+1SD) but 
not at a low (－1SD) level of somatic awareness 
of emotions (high: b = 0.182, t(696) = 3.404, 
adjusted p = 0.002; low: b = 0.067, t(696) = 1.407, 
adjusted p = 0.213). The estimate of cognitive 
empathy at the high level (+1SD) of regulation of 
attention to bodily sensations (3 .68) was 
significantly larger than that at the low level 
(－1SD; 3.35). These interaction effects suggest 
that students who can regulate their attention to 
bodily sensations appropriately and perceive 
their emotions physically are likely to feel the 
bodies and situations of others which are 
different from those of their selves; thus, they 
may be able to imagine the feelings of others 
more easily.
　In addition, the interaction effect of control 
through attention to bodily sensations and 
control of attention to physical discomfort was 
significant (b = 0.128, t(696) = 4.327, p < .001, β 

Figure 2 Simple slope analysis for the interaction effect of regulation of attention to bodily sensations 
and somatic awareness of emotions on cognitive empathy

Figure 2  Simple slope analysis for the interaction effect of regulation of attention to bodily 
sensations and somatic awareness of emotions on cognitive empathy 
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= 0.123). The results of the simple slope analysis 
(Figure 3) indicated that the partial regression 
coefficient for control of attention to physical 
discomfort was significant at the low level 
(－1SD) of control through attention to physical 
sensations (b = －0.086, t(696) = 1.735, adjusted p 
= 0.083). Moreover, the estimate of cognitive 
empathy at the high level (+1SD) of control of 
attention to physical discomfort (3.19) was 
significantly smaller than that at the low level 
(－1SD; 3.34). The partial regression coefficient of 
control of attention to physical discomfort was 
significant at the high level (+1SD) of control 
through attention to physical sensations (b = 
0.125, t(696) = 2.640, adjusted p = 0.017), and the 
estimate of cognitive empathy at the high level 
(+1SD ) of control of attention to physical 
discomfort (3.72) was larger than that at the low 
level (－1SD ; 3.50). The partial regression 
coefficient of control through attention to 
physical sensations was significant (b = 0.094, 
t(696) = 2.236, adjusted p = 0.034) at the low level 

(－1SD) of control of attention to physical 
discomfort. The estimate of cognitive empathy 
at the high level (+1SD) of control through 
attention to physical sensations (3.50) was 
significantly larger than that at the low level 
(－1SD; 3.34). Alternatively, the partial regression 
coefficient of control through attention to 
physical sensations was also significant at the 
high level (+1SD) of control of attention to 
physical discomfort (b = 0.323, t(696) = 7.273, 
adjusted p < .001), and the estimate of cognitive 
empathy at the high level (+1SD) of control 
through attention to physical sensations was 
significantly larger than that at the low level 
(－1SD; 3.19). These interaction results imply 
that students who are skilled in both aspects of 
self-control through attention to bodily sensations 
and control of attention to physical discomfort 
may be more likely to imagine the feelings of 
others by replac ing the condit ions and 
environments of others with their own.

Figure 3 Simple slope analysis for the interaction effect of regulation of attention to bodily sensations 
and somatic awareness of emotions on cognitive empathy

Figure 3  Simple slope analysis for the interaction effect of regulation of attention to bodily 
sensations and somatic awareness of emotions on cognitive empathy 
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Integrative Argument
　Multiple regression analyses revealed that 
students with high levels of propensity for 
sensation seeking in exteroceptive awareness 
and high levels of propensity for somatic 
awareness of emotions and control of attention 
to phys ica l  d iscomfort  in interocept ive 
awareness displayed high levels of propensity 
for empathic concern. Although we observed no 
in terac t i on  between in terocept ive  and 
exteroceptive awareness, incorporating external 
information seemingly could lead to a detailed 
understanding of the situation of others. In 
addition, we found the significant interaction 
between somatic awareness of emotions and 
control of attention to physical discomfort, 
suggesting that the physical perception of one’s 
emotions and moderately adjust one’s physical 
discomfort may lead to the establishment of a 
stable self-model and may form a representation 
of others that differs from that of the self, which 
makes it easier to attribute to others the minds 
and emotions perceived and felt from others. 
Hence, students who actively explore external 
information and are aware of and perceive their 
emotions and regulate their discomfort at the 
physical level may be more likely to objectively 
understand the distressing feel ings and 
situations of others and experience the same 
feelings by proxy and may exhibit high levels of 
propensity for empathic concern.
　For personal distress, we found that students 
who were insensitive and slow to respond to 
external stimuli or who were sensitive to 
changes in the external environment and prone 
to be uncomfortable when such changes became 
excessive were more likely to exhibit self-
centered personal distress in response to the 
distressing situations of others. The MAIA-Y 
subscale, which measures the sensitivity of 
interoceptive awareness, exerted no effect on 
personal distress; thus, interoceptive awareness 
may be unrelated to personal distress. The 

hypothesis of this research is that people with 
poor sensitivity of interoceptive awareness tend 
to be unable to form stable self-models, are 
undifferentiated between the self and others, and 
are easily influenced by external stimuli and the 
distressing emotions of others. However, the 
present results did not support this hypothesis, 
because interoceptive awareness did not 
negatively contribute to personal distress. 
Conversely, exteroceptive awareness contributed 
to personal distress; moreover, insensitivity and 
sensit ivity independently and posit ively 
contributed to personal distress, although both 
were equally passive in their reactivity. Thus, 
the need emerged to examine and elucidate the 
implication of the simultaneous effect of 
exteroceptive insensitivity and sensitivity on 
personal distress in the future.
　The results of the regression analysis on 
fantasy demonstrated that students with high 
levels of propensity for sensation seeking in 
exteroceptive awareness and with a tendency 
for control of attention to physical discomfort or 
awareness of physical sensations in interoceptive 
awareness exhibit high levels of fantasy 
tendencies. Thus, understanding and sharing the 
feelings of others through language and images 
involve the active exploration of external stimuli, 
which may lead to a detailed understanding of 
verbal and visual information about the feelings 
and situations of others. In addition, the ability 
to pay attention to one’s physical discomfort or 
to be aware of one’s bodily sensations may form 
a stable self-model and enable one to share the 
feelings of others while understanding others 
who are different from oneself.
　Regarding cognitive empathy, we found a 
significant interaction between regulation of 
attention to bodily sensations and somatic 
awareness of emotions, which suggests that 
students who can regulate their attention to 
bodily sensations appropriately and perceive 
emot ions phys ica l ly  are more l ike ly to 
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understand emotions from the perspective of 
others. In addition, we found a significant 
interaction between control through attention to 
bodily sensations and control of attention to 
physical discomfort, which implies that students 
who are more likely to pay attention to physical 
sensations in regulating their feelings and to 
consciously control physical discomfort are more 
likely to understand their feelings from the 
perspective of others. These abilities to perceive 
and regulate one’s emotions and conditions on 
the basis of interoceptive awareness may lead to 
the formation of a stable self-model and the 
ability to imagine minds and emotions from the 
perspective of others while detaching from the 
self.
　However, several issues need to be addressed 
in the future. First, the study did not examine 
the construct validity of the MAIA-Y. In the 
development of the MAIA (Mehling et al., 2012), 
the authors used various scales required to 
answer the following questions to test the 
convergent and discriminant validity of the scale: 
(a) Do any of the subscales measure the aspects 
of body awareness and mindful attention?; (b) Do 
any of the subscales relate to anxiety or distress 
in response to bodily symptoms or pain?; (c) Are 
any of the subscales negatively correlated with 
d i s soc ia t i on  f rom the  body and bod i ly 
sensations?; and (d) Do any of the subscales 
relate to the ability to regulate emotions 
appropriately? The convergent and discriminant 
validity of the Japanese version of the MAIA-Y 
should be verified.
　Second, this research lacked a substantiation 
of the hypothesis. The results of Study 2 suggest 
that individuals with high levels of interoceptive 
awareness are more likely to understand the 
minds and emotions of another person, which 
are distinct from their own ones (cognitive 
empathy). We can obtain clues that enable us to 
understand the details of the feelings of others 
due to interoceptive awareness and use 

interoceptive senses associated with one’s 
feelings as a framework for inferring the feelings 
of others. However, the results don’t suggest 
that the dominance of interoceptive over 
exteroceptive awareness contributes to cognitive 
empathy, that is, it stabilizes the self-model and 
enables a clear distinction between the self and 
others and to attribute to others the feelings 
perceived and felt from others.
　Finally, the results partially supported the 
hypotheses regarding the relationship of 
interoceptive and exteroceptive awareness to 
empathy. We hypothesized that empathy, 
especially understanding the pain feelings of 
others on the basis of discriminating between 
the self and others (cognitive empathy), requires 
a certain level of dominance of interoceptive 
over exteroceptive awareness, which generates 
a clear self-representation and definite self-other 
differentiation. However, the methodology used 
in this study was inappropriate for testing these 
hypotheses. The present research used a 
questionnaire that measures the trait of 
in terocept ive  awareness ,  but  the  t ra i t 
quest ionnaire could only infer a causal 
relationship between two factors (e.g., a person 
with high levels of tendency toward A also has a 
high tendency toward B) on the basis of 
individual differences in traits. Thus, it was 
impossible for this research to elucidate the 
mechanism of how the state of interoceptive 
awareness leads to cognitive empathy. In the 
future, new paradigms and tasks are required to 
clari fy the function of certain states of 
interoceptive awareness in the brief interval 
between seeing or hearing about the suffering of 
others and reacting on the basis of cognitive 
empathy or empathic concern. Regarding the 
heart, one of the organs related to interoceptive 
sense, which presents stimuli at a specific timing 
of the cardiac cycle, influences autonomic 
contexts with which they are perceived and 
recognized. For example, baroreceptor responses 
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due to stimuli presented in systole, instead of 
the diastole of the heart, lead to stronger 
processing of fearful expressions (Garfinkel et al., 
2014) and stronger racial stereotypic responses 
(Azevedo et al., 2017). Using these methods, it 
may be possible to elucidate the effect of the 
interoceptive state or awareness (including those 
from the gastrointestinal and respiratory 
systems as well as the cardiac system) and 
exteroceptive state or awareness on processing 
related to self- and other-understanding and 
responses with cognitive empathy or empathic 
concern. Substantial evidence using paradigms 
and tasks that manipulate the interoceptive state 
will provide more detailed relationships among 
the interoceptive sense, self-representation, and 
the process of empathy.
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