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Abstract Recent studies of cognitive science have convincingly demonstrated that
human behavior, decision making and emotion depend heavily on “implicit mind,”
that is, automatic, involuntarymental processes even the person herself/himself is not
aware of. Such implicit processes may interact between partners, producing a kind
of “resonance,” in which two or more bodies and brains, coupled via sensorimotor
systems, act nearly as a single system. The basic concept of this project is that
such “implicit interpersonal information (IIPI)” provides the basis for smooth and
effective communication.We have been developing newmethods to decode IIPI from
brain activities, physiological responses, and bodymovements, and to control IIPI by
sensorimotor stimulation and non-invasive brain stimulation. Here, we detail on two
topics from the project, namely, interpersonal synchronization of involuntary body
movements as IIPI, and autism as an impairment of IIPI. The findings of the project
would provide guidelines for developing human-harmonized information systems.
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10.1 Introduction

Various kinds of telecommunication systems, such as smart phones, chat, and video
conference systems, are widely used in themodernworld. These systems enable us to
communicate with others conveniently beyond the restriction of the physical space.
Compared to face-to-face communication, however, it is often difficult to transmit
subtle nuances and “atmosphere” with those systems. As a consequence, it typically
leads to inefficient discussions, misunderstandings, and conflicts, which would be
largely avoided in face-to-face communication.

The conventional approach to solve such problems is to improve the physical
performance of the system (by increasing the size and resolution of a visual display,
the number of channels of the audio signal, and the frequency band, and so on). Such
technical improvements bring about certain improvements, but not sufficient. As far
as the user is a human, any technological improvements can not be effective unless
it is expedient to human characteristics and mechanisms. Moreover, communication
may be rather disturbed by adding unnecessary information. Thus, conversation over
the conventional telephone can be less stressful than that by using video conference
system with high-definition screen.

We approach the problem from the other side, namely, a human-centered view-
point. In the first place, what are the critical factors that determine the quality of
human communication?Once such factors are identified, it is possible to establish the
design principles for securing face-to-face communication quality even via remote
communication systems. In addition, by controlling the critical information appro-
priately, it may be possible to implement communication systems with enhanced
nuances and reduced disturbance comparing to face-to-face interaction. Also, the
systematic knowledge of factors that determine the quality of communication will
be applicable not only to the interaction of human-to-human, but also to the inter-
action of the human-to-computer systems, which will become quite common in the
near future. Having these things in mind, we started this project in 2010 to identify
factors that determine the quality of communication, and their neural basis.

The fundamental assumption of our project is that consciousness (or explicitmind)
is only a fraction of the whole “mind” [1]. Recent findings of cognitive science con-
vincingly demonstrated that human behavior, decision making and emotion depend
not only on conscious deliberation, but heavily on “implicit mind,” that is, automatic,
fast, involuntary mental processes even the person herself/himself is not aware of
[2, 3]. Then, it would be natural that such implicit processes also play critical roles in
human-to-human communication. In daily communication, needless to say, explicit
information such as language and symbolic gestures is indispensable. At the same
time, the internal state of a person can be represented by implicit information, such
as subtle, unintended body movements and various physiological changes reflecting
the activities of the autonomic and endocrine systems. Such implicit information can
be thought of as rather “honest” information because it cannot be controlled volun-
tarily as in telling a lie using language. Even though the recipients are not aware of
such implicit information, their feelings and decisions may be affected faithfully by
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Fig. 10.1 Concept of IIPI [1]. Human behavior, decision making and emotion depend not only on
conscious deliberation, but heavily on “implicit mind,” that is, automatic, fast, involuntary mental
processes even the person herself/himself is not aware of. In interpersonal communication, uncon-
scious body movements of partners interact with one another, creating a kind of resonance. The
resonance, or “implicit interpersonal information (IIPI),” may provide basis for understanding and
sharing emotions, in addition to explicit language and gesture

the stimulus and the context. Such implicit processes may interact between partners,
producing a kind of “resonance,” inwhich two ormore bodies and brains, coupled via
sensorimotor systems, act nearly as a single system. The general aim of this project
is to test the general hypothesis that such “implicit interpersonal information (IIPI)”
provides the basis for smooth communication (Fig. 10.1).

To this end, we have been conducting several lines of research in parallel. The first
is to identify and to decode IIPI. As the saying goes, “the eyes are more eloquent than
the mouth.” In the context of decoding mental states from the eyes, gaze direction
has been used extensively as an index of visual attention or interest. However, what
is reflected on the eyes is not limited to mental states directed to or evoked by
visual objects. We have been studying how to decode mental states such as saliency,
familiarity, and preference not only for visual objects but also for sounds based on
the information obtained from the eyes. Such information includes a kind of eye
movement called microsaccade (small, rapid, involuntary eye movements, which
typically occur once in a second or two during visual fixation) [4] and changes
in pupil diameter (controlled by the balance of sympathetic and parasympathetic
nervous systems, and reflects, to some extent, the level of neurotransmitters that
control cognitive processing in the brain) [5, 6].

We have also been studying the responses of the brain and autonomic nervous
systems, hormone secretion, and body movements. In one of such studies, we have
developed amethod tomeasure the concentration of oxytocin (a hormone considered
to promote trust and attachment to others) in human salivawith the highest accuracy at
present. This enabled us to identify a physiological mechanism underlying relaxation
induced by music listening. Listening to music with a slow tempo promotes the
secretion of oxytocin, which activates the parasympathetic nervous system, resulting
in relaxation [7].
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While above mentioned methods are for decoding the information about the
implicit mental states of an individual, we have further proceeded to study the inter-
personal interaction of such information. As an example, in Sect. 10.2, we will intro-
duce in some detail the study on the interpersonal synchronization of implicit body
actions.

The second line of research focuses on patientswith communication disorders.We
have been trying to identify the cause of impaired communication in high-functioning
(i.e., without intellectual disorder) autism spectrum disorder (ASD). We found that
the basic sensory functions of ASD individuals often show specific patterns distinct
from those of neurotypical (NT) individuals. The findings provide a fresh view that
impaired communication in high-functioning ASD may, at least partly, due to the
inability to detect IIPI, rather than higher-order problems such as the inference of
other’s intention (“theory of mind” [8, 9]). We will cover this topic in some detail in
Sect. 10.3.

The third line of research is the development of the methods to improve the qual-
ity of communication by controlling IIPI and/or neural processes involved in the
processing of IIPI. We have identified factors that could occur in communication
systems and hamper IIPI, such as transmission delay, asynchrony between sensory
modalities, transmission loss of information about subtle facial expressions and body
movements. Then we examined their impact on the quality of communication, tol-
erance and adaptability of users. These studies provide guidelines for achieving
the same communication quality as face-to-face. Moreover, we have developed tech-
niques to overcome the physical limitations of communication systems such as delay
or asynchrony by controlling sensory information [10]. We have also been studying
the method of non-invasive brain stimulation on neural sites involved in the process-
ing of IIPI, such as the reward system deep inside the brain [11–13].

The fourth is the elucidation of neural mechanisms involved in the processing
of IIPI. We conducted simultaneous measurement of brain activities of two parties
performing a coordination task to identify relevant brain sites and to analyze the
interaction of those sites across brains [14] (Sect. 10.2). Further, we established ani-
mal models (rats) of communication to study neural mechanisms underlying social
facilitation and mirroring using invasive brain measurements and stimulation [15].

In the following sections, we will pick up a few among those research results.

10.2 Interpersonal Synchronization as IIPI

Social communication has been considered one of the most complex cognitive func-
tions, partly due to its close relationship to language, and other explicit mental
processes such as top-down executive control, inference and decision making. On
the other hand, the recent discovery of the mirror neuron and the mirror system [16]
point to somewhat different direction, i.e. a more automatic and spontaneous nature
of social communication. So after all, is social communication at a higher cognitive,
or a lower biological level of mental processing? – Both, obviously, but what is rela-
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tively neglected is the latter. Bodily synchrony in various species may be interpreted
as a primitive biological basis of social behavior. Synchronization phenomena in
croaking of frogs, glimmer of firefly, alarming call of birds, are just to name a few
examples.

This line of consideration immediately raises a question as to whether synchrony
provides a somatic basis of sociality in the human, and what underlying neural
mechanisms makes it possible. In the following, we will provide one of the earliest
evidence for such, and the tight link between behavioral and social synchrony.

Synchronization is, in a broad physical sense, coordination of rhythmic oscilla-
tors due to their interaction. Interpersonal body movement synchronization has been
widely observed. A person’s footsteps unconsciously synchronize with those of a
partner when two people are walking together, even though their foot lengths, and
thus their intrinsic cycles, are different [17–19]. The phenomenon has been thought
of as social self-organizing process [20]. Previous studies found that the degree of
interpersonal body movement synchrony, such as finger tapping and drumming, pre-
dicted subsequent social ratings [21, 22]. The findings indicate a close relationship
between social interface and body movement synchronization [23]. However, the
mechanism of body movement synchrony and its relationship to implicit interper-
sonal interaction remain vague.

We thus aimed to evaluate unconscious body movement synchrony and implicit
interpersonal interactions between two participants [14]. We also aimed to assess the
underlying neural correlates and functional connectivity within and among the brain
regions of two participants.

We measured unconscious fingertip movements between the two participants
while simultaneously recording electroencephalogram (EEG) in a face-to-face set-
ting (Fig. 10.2a, b). Participants were asked to straighten their arms, point and hold
their index fingers toward each other, and look at the other participant’s fingertip.
Face-to-face interactions simplify yet closely approximate real-life situations and
reinforce the social nature of interpersonal interactions [24].

We believe that our implicit fingertip synchrony task, as well as unconscious foot-
step synchrony, interpersonal finger tapping and drumming synchrony, are all forms
of social synchronization and our task is the simplest form of such. Thus, we hypoth-
esized that interpersonal interaction between two participants would increase body
movement synchronization and the interaction would be correlated with social traits
of personality. The traits in turn would possibly be reflected in within- and among-
brain synchronizations. More specifically, we expected experience-based changes of
synchrony in sensorimotor as well as in theory-of-mind related networks, including
the precuneus, inferior parietal and posterior temporal cortex [25, 26]. The parietal
cortex is especially expected to be involved, given that implicit processing of emo-
tional stimuli, as compared to explicit emotional processing, is associated with theta
synchronization in the right parietal cortex [27]. Previous EEG simultaneous record-
ing studies (i.e., hyperscanning EEG) also showed that the right parietal area played
a key role in non-verbal social coordination and movement synchrony [28, 29].
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� Fig. 10.2 Experimental setup and behavioral results [14]. a Session 1 Participants were asked to

straighten their arms, point and hold their index fingers toward each other, and look at the other

participant’s fingertip. They were instructed to look at the other participant’s finger while holding

their own finger as stationary as possible. One participant was instructed to use left arm and the

other was instructed to use right arm. Session 2 Same as the session 1, except participants changed

the arm from left to right and from right to left respectively. Session 3 One participant (leader,

who was randomly selected from the naïve participant pair) was instructed to randomly move his

finger (in the approximate area of 20 × 20 cm square) and the other (follower) was instructed to

follow. Session 4 Same as the session 3, except participants changed the arm from left to right

and from right to left respectively. Session 5 and 6 Same as the session 3 and 4, Session 7 and

8 Same as the session 1 and 2. We call sessions 1–2 the pre-training sessions, the sessions 3–6

the training sessions, and the 7–8 the post-training sessions. b Hyperscanning-EEG setup. The

EEG data was passed through a client to a EEG server and database, which was regulated by an

experiment controller. Client computers received fingertip movement information from the two

participants. Two EEG recording systems were synchronized using a pulse signal from the control

server computer delivered to bothEEG recording systems. cAverage cross correlation coefficients of
fingertip movements in each condition (pre-training, post-training, and crosscheck validation) with

its standard errors (gray). The training significantly increased finger movement correlation between

the two participants (p < 0.03). No significant correlation was found in crosscheck condition (i.e.

cross correlation results after random shuffling of participants, p = 0.62). Results are shown as

means s.e.m. Statistical analyses performed using a two-tailed student’s t-test

Simultaneous functional magnetic resonance imaging (fMRI) of two participants,
called hyperscanning, has been used to assess brain activity while participants can
interact with each other [30, 31]. However, due to some technical limitations in fMRI,
we believe that “hyperscanning EEG” of two participants may open new vistas on
the neural mechanisms underlying social relationships and decision making [28, 29,
32, 33] by providing a tool for quantifying neural synchronization in face-to-face
interactions with high temporal resolution [28, 34, 35].

Local neural synchronization can be detected by measuring frequency-specific
power changes of each electrode component of the EEG. However, local power
changes alone cannot provide evidence of large-scale network formation because
it depends on oscillatory interactions between spatially distant cortical regions
[36, 37], which may be critical for understanding neural mechanisms during inter-
personal interaction. To address this issue, we used phase synchrony to quantify
long-range functional connectivity; this would allow us to detect not only intra-brain,
but also inter-brain connectivity.

Thus in short, we devised the novel combination of hyperscanning EEG and
motion tracking with the implicit body movement synchronization paradigm [38].
The advantage of this experimental paradigm is twofold. First, we were able to detect
an implicit-level interaction that is interpersonal and real time in nature (due to the
instruction to the participant to keep its finger as stable as possible, neglecting the
partner’s). Unlike previous studies mainly concentrated on explicit social interac-
tions, we specifically aimed to identify an implicit process by minimizing explicit
interaction. “Social yet implicit” is the key word. Despite the instruction, the part-
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ner’s finger movement turned out not to be entirely neglected at the implicit level,
thus the participants tended to unconsciously synchronize each other.

The second advantage of the paradigm rests on the fact that since the instructions
in our experimental paradigm were to stay stationary, movement artifacts were min-
imized in the EEG data. Robustness to noise during face-to-face interaction makes
our experimental paradigm optimally sensitive to the underlying EEG dynamics and
the functional connectivity of implicit interpersonal interaction.

We used such finger-to-finger task as an implicit synchrony measure in the pre-
and the post-tests. Between them, was a training session where the two participants
(the “leader” and the “follower”) need to move their fingers cooperatively. There was
a control training session where the follower was asked to move his/her finger not
cooperatively (as different as possible) with the leader’s movements.

We hypothesize that the cooperative training will increase both bodily and neural
synchrony between the participants. We also hypothesize that such synchrony would
be correlated with social trait of personality (measured by Leary’s scales for social
anxiety [39].

Summary of the results are as follows:
First, finger movement correlation between two participants was significantly

higher in the post-training, in comparison to the pre-training sessions (Fig. 10.2c).
The maximum correlation coefficients occurred at the zero time lag. However, the
non-social or the non-responsive training did not increase synchrony.

Second, we found significant negative correlations of the fingertip synchrony
increase with each pair’s averaged scores of ‘Fear of Negative Evaluation’ and
‘Blushing Propensity’, indicating that the more the person has social anxiety, the
less the fingertip synchrony increases.

Third, performing EEG-based source localization, we observed that theta (4–
7.5 Hz) frequency activity in the precuneus (PrC) and beta (12–30 Hz) frequency
activity in the right posterior middle temporal gyrus (MTG) increased significantly
(Fig. 10.3a, b). The right inferior parietal and posterior temporal cortices have been
suggested to play a critical role in various aspects of social cognition, such as theory
of mind and empathy [25].

We also found a significant positive correlation between the fingertip synchrony
changes from post- to pre-training sessions and the ventromedial prefrontal cortex
(VMPFC) theta frequency activity (Fig. 10.3c). The VMPFC has been indicated as
a shared circuit for reflective representations of both self (i.e., introspection) and
others (i.e., theory of mind) [9].

Finally and most critically, the functional connectivity analysis found that the
overall number of significant phase synchrony in inter-brain connections increased
after training, but not in intra-brain connections (Fig. 10.4a). Thus, the coopera-
tive training increased synchrony not only between fingertip movements of the two
participants but also between cortical regions across the two brains. Inter-brain con-
nections were found mainly in the inferior frontal gyrus (IFG), anterior cingulate
(AC), parahippocampal gyrus (PHG), and postcentral gyrus (PoCG) (phase random-
ization surrogate statistics, p < 0.000001) (Fig. 10.4b, c), overall consistent with our
hypotheses above.
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Fig. 10.3 sLORETA source localization [14]. Source localization contrasting between the post- and
pre-training in a theta (4–7.5 Hz) and b beta (12–30 Hz) frequency range. The training significantly
increased the theta (4–7.5 Hz) activity in the precuneus (PrC) (BA7, X = −15, Y = −75, Z = 50;
MNI coordinates; corrected for multiple comparisons using nonparametric permutation test, red
p < 0.01, yellow p < 0.001) and the beta (12–30Hz) activity in the posteriormiddle temporal gyrus
(MTG) (BA39, X = 50, Y = −74, Z = 24; MNI coordinates; corrected for multiple comparisons
using nonparametric permutation test, red p < 0.05, yellow p < 0.01). c Regression analysis.
Significant positive correlation between the fingertip synchrony change and ventromedial prefrontal
cortex beta frequency power change between post- and pre-training sessions (BA11, X = 15, Y =
65, Z = −15;MNI coordinates; regressionwith nonparametric permutation test, p < 0.05, n = 20)

The increase of fingertip synchrony after the training session indicates that the
large, voluntary, and intentional mimicry affects the small, involuntary, and uninten-
tional body movement synchronization afterwards. Two participants seem to build
their own rhythmic structure during the intentional mimicry training, resulting in
increased unintentional synchronization. It is consistent with, and extending the
previous studies showing that motor mimicry increased implicit social interaction
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Fig. 10.4 Inter- and intra-brain phase synchrony [14]. a The total number of functional connections
that showed significant phase synchrony (phase randomization surrogate statistics, p < 0.000001)
of inter- and intra-brain in theta (4–7.5 Hz) and beta (12–30 Hz) frequency range (chi-square
test, ∗ p < 0.005, ∗∗ p < 0.0001). The overall number of significant phase synchrony increased
after training in inter-brain connections, but not in intra. b Topography of the phase synchrony
connections between all 168 cortical ROIs of the two participants (Left brain leader, right brain
follower) when contrasting post- against pre-training (phase randomization surrogate statistics,
p < 0.000001) in theta (4–7.5 Hz) and c beta (12–30 Hz). Inter-brain connections were found
mainly in the inferior frontal gyrus (IFG), anterior cingulate (AC), parahippocampal gyrus (PHG),
and postcentral gyrus (PoCG)
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between two interacting participants [40], and that the spontaneous bi-directional
improvisation (i.e. implicit synchronization) increased motor synchrony compared
with the uni-directional imitation (i.e. explicit following) [41]. Correlations between
the fingertip synchrony increase and the social anxiety scales further support that the
increased fingertip synchrony could be a marker of implicit social interaction.

The significant increase of phase synchrony in inter-brain connections after the
cooperative interaction (training) is theoretically informative, especially since the
increase did not occur in several control conditions, including (1) mere repetition
of the test session (thus not mere learning), (2) single subject interacting with a dot
moving on the screen which was based on the recorded finger movement and (3)
with a recorded video of another subject. Also, it should be noted that the phase
synchrony increased only inter-brain, not intra-brain (Fig. 10.4).

In a big picture, the current findings argue against the commonsense modern view
of the brain and the society—i.e., a very tight unity of a single brain, and very sparse
and remote, interpersonal communication among them. Instead, the brain regions are
connected inter-brain via bodily interactions, thus to form a loose dynamic coupling
possibly in the daily natural interactions.

10.3 Autism as an Impairment of IIPI

Autism spectrum disorder (ASD) is a kind of developmental disorder (the course of
development is non-typical due to the functional impairment of certain parts of the
brain). The core syndromes of ASD are (1) disorder in mutual interpersonal relation-
ship, (2) communication disorder, and (3) restricted interests and repetitive behavior,
which usually become apparent around the ages of 1–3. Not a few individuals with
high-functioning ASD notice their disorder when they grow up, facing with troubles
in interpersonal relationship and inadaptability to school or work. In the scientific
and clinical fields of ASD, the focus is usually on the disorders of interpersonal
relationship and communication. For example, an influential theory of ASD claims
that the core disorder of ASD is the lack of “theory of mind” (the ability to infer
other’s intention, knowledge, and belief) [8, 9], and has been examined both from
behavioral and neural viewpoints. We have a different view, putting more emphasis
on the reception and production of IIPI, which are assumed to support smooth com-
munication. Based on this view, we have been studying basic functions in vision and
hearing, which play essential roles in the reception of IIPI.

10.3.1 Basic Auditory Processing in ASD

Individuals with ASD often have difficulty listening to a partner’s voice in the envi-
ronment where multiple sounds coexist, such as a cafeteria, despite the fact that they
are not diagnosed as hearing-impaired with a standard audiometric test. To figure out



282 M. Kashino et al.

the cause of this difficulty, we performed a series of experiments evaluating basic
auditory functions [42]. No ASD (N = 26) and NT (N = 28) participants were
diagnosed as hearing impaired in pure-tone audiometry. Additionally, no significant
differencewas found between the two groups in an auditorymono-syllable identifica-
tion test. However, when background noisewas superimposed on themono-syllables,
ASDs required significantly lower noise level to obtain the same performance level
as NTs. Their complaint was thus supported by objective measurements.

To further explore the cause of the difficulty in selective listening in ASD, we
examined various auditory functions including frequency resolution, temporal res-
olution, sensitivities to interaural time and level differences (ITD and ILD, respec-
tively), pitch discrimination, and so on, and found a characteristic pattern of results
for ASD. First, ASDs showed significantly lower sensitivity to ITD and ILD, which
are major cues for sound direction in the horizontal plane. Second, a population of
ASDs showed significantly lower sensitivity to the temporal fine structure (TFS) of
sound waveforms. TFS is one of the cues for pitch [43]. Sound direction and pitch
play essential roles in separating sound sources and directing attention to a specific
sound source amongmultiple sound sources presented concurrently. It is quite natural
that the impairment in the detection of those cues would cause difficulty in selective
listening.

The finding also provides insights about the biological basis of ASD. The sounds
received by the ears are first undergone frequency analysis in the cochlea, then trans-
mitted via the brainstem nuclei and thalamus to the auditory cortex in the brain,
where auditory perception takes place. ITD, ILD and TFS are detected at the brain-
stem nuclei [43, 44], suggesting that a population of ASD may have impairment in
the brainstem. This is consistent with anatomical findings obtained from postmortal
brains [45]. One should note that not all ASD individuals have the brainstem impair-
ment, and those who have the brainstem impairment do not have impairment in other
sites of the brain. What is important here is that a significant proportion of ASD
individuals has subcortical impairment distinct from cortical ones usually related to
interpersonal relationship and communication.

This finding also provides the possibility of objective diagnosis of ASD based on
auditory experiments. If we select three critical items (mono-syllable identification
under noise, detection of ITD, and detection of TFS) as axes and plot individual
data of ASD and NT participants, a certain area in the three-dimensional space
exclusively contained ASDs (Fig. 10.5). However, there is also a population of ASDs
that cannot be distinguished from NTs with the three items. ASD may consist of
separate subgroups, each of which has different biological bases.

We further compared the ability of grouping frequency components between
ASD and NT [46]. This is a critical auditory function in multi-source environments,
because when acoustic signals from different sound sources are mixed upon arrival
at the ears, the auditory system has to organize (or, group) their frequency com-
ponents by their features [47]. We showed that individuals with ASD performed,
counterintuitively, better in terms of hearing a target sequence among distractors that
had similar spectral uncertainties (Fig. 10.6). Their superior performance in this task
indicates an enhanced discrimination between auditory streams with the same spec-
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Fig. 10.5 Objective
screening of ASD based on
auditory sensitivities [42].
Three critical items of basic
auditory functions
(mono-syllable identification
under noise, detection of
interaural time difference,
and detection of TFS) are
selected as axes and
individual data of ASD and
NT participants are plotted.
The pink-colored area in the
three-dimensional space
contained ASDs exclusively

tral uncertainties but different spectro-temporal details. The enhanced discrimination
of acoustic components may be related to the absence of the automatic grouping of
acoustic components with the same features, which results in difficulties in speech
perception in a noisy environment.

An essential question here is whether such specificity of auditory functions in
ASD is among the causes of the core syndromes of ASD, namely, disorders in
interpersonal relationship and communication, or, simply coexists without causal
relationship. It is premature to conclude, but the former possibility seems promising.
If an infant cannot turn his/her head towards the direction of a calling voice in dairy
situations where multiple sounds often coexist, and the specific auditory impairment
is unnoticed by the surrounding people, interpersonal interactions would be severely
limited, which may result in problems in the development of social abilities. Further
studies are awaited to clarify this point.

10.3.2 Gaze of ASD

In the visual domain, as well as in the auditory (as indicated in the previous section),
individuals with ASD may have some abnormality even at the sensory sampling
level. For example, a general tendency among them to avoid gazing at the eyes has
been reported. However, psychophysical tests conducted in lab settings often fail to
show expected differences between ASD and neurotypical (NT) participants.

One reason is that general intelligence is not impaired in high-functioning ASD.
ASD participants often employ cognitive strategies to mimic normal behavior. To
assess spontaneous tendencies ofASD free from such cognitive strategies,we applied
“Don’t look” paradigm to participants with varying Autism Quotient (AQ) scores
[48, 49].We presented face images to participants andmeasured their eyemovements
under the instruction not to look at the mouth.We predicted that high AQ participants
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(A)

(B)

Fig. 10.6 Segregation of concurrent sounds with similar spectral uncertainties [46].AThe auditory
stimuli contained one target sequence (red lines) and eight masker sequences (blue lines). The target
sequence always had jittered frequencies within a fixed protected region. a The masker sequences
had fixed frequencies outside the protected region for the non-jittered conditions. b The masker
sequences had jittered frequencies outside the protected region for the jittered conditions. B Target
detection thresholds in the ASD and control groups for the four conditions, indicated as mean
standard error. The maskers were sent to the right ear for the monotonic conditions or to both ears
for the diotic conditions. Both the ASD group and the control group were capable of segregating the
target and the masker that carried different spatial information. On the other hand, for the monotic
conditions, the significant difference between the jittered and non-jittered thresholds was observed
in the control group, but this difference was not observed in the ASD group

may reveal their intrinsic eye-avoidance tendency in this condition, because their
cognitive control would be “misdirected” and compensation strategies would not
work. Consistentwith the prediction, theAQscorewas correlatedwith eye-avoidance
tendency (Fig. 10.7).

We further extend this paradigm to a situation where participants viewed paired
face and flower images and have to avoid looking at either one [50]. It was found that
ASDs had less difficulty suppressing orienting to faces. ASDs (or high AQ) and NTs
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Fig. 10.7 Examples of gaze patterns in “Don’t look at the mouth” paradigm [49]. Thirty college
students (undiagnosed, AQ average 24.4 (N = 30); Male AQ average 25.5 (N = 20), Female AQ
average 22.4 (N = 10)) viewed face images, while their gaze was monitored. The participants were
asked to avoid looking at the eyes (not shown here) or the mouth. Gaze patterns were compared
across High AQ (N = 11, AQ score 27–40, average 32.3) and Low AQ (N = 13, AQ score 10–
21, average 18.2) groups. The green (red) blobs represent the gaze distribution of low (high) AQ
participants, respectively. Low AQ participants tend to look at eyes, whereas high AQ participants
tend to avoid the eyes

Fig. 10.8 Gaze patterns in “Don’t look” paradigm [50]. NT participants (N = 12, Male 7, Female
5; AQ 11–39) and diagnosedASD participants (N = 9,Male 5, Female 4; AQ 25–46) viewed paired
face and flower images, while their gaze was monitored. The image pairs were arranged diagonally
upper-right to lower-left, to minimize generic spatial biases. The participants were asked to avoid
looking at the face or the flower in a 2-alternative forced-choice task. The red (blue) points represent
the gaze distribution of ASD (NT) participants, respectively. ASDs looked less at face (p < 0.04;
less at eyes) and more at blank, in “Don’t look at the flower” condition (right) (p < 0.03)

(or low AQ) showed different gaze patterns across social (e.g., eyes) and non-social
regions in a face (Fig. 10.8). The ”Don’t Look” paradigmwould provide an objective
and effective method for screening ASDs from NTs.

10.4 Future Directions of IIPI Research

In order to achieve human-harmonized information systems, scientific knowledge
and technologies of measuring, decoding, and controlling human behaviors are vital.
As to this goal, our findings on implicit interpersonal information are of impor-
tance, and our project has been based on, and points toward, the research agenda that
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smooth and effective interpersonal communication depends strongly on implicit,
non-symbolic information that emerges from dynamic interactions among agents.
The examples shown in this chapter clearly illustrate this and provide the scientific
ground for future research and technological development, including the delay com-
pensation by using implicit visual-motor responses [10], diagnosis procedures for
autistic spectrum disorders based on auditory [42, 46] and gaze processing [48–50].
We have also developed a marketing method based on leaky attractiveness [51] and
objectivemeasurements of immersiveness by using autonomic nervous and hormonal
responses [52].

Among possible fields of applications, most prospective fields are learning, teach-
ing [53], collaborations in working, physical, art, and cultural activities. Most of col-
laborative (or collective) behaviors occur in dynamic, reciprocal interactions. This is
particularly true when such activities involve many pieces of implicit agreement or
tacit knowledge [54]. Recent advancements of neuroscience and cognitive sciences
have examined the multifaceted and dynamic processes in explicit and implicit inter-
personal interactions [14, 18, 29, 31, 41, 55–58]. However, how such interactions
are manifested and regulated in everyday life is largely unknown. Furthermore, tech-
nological developments based on implicit interpersonal communications have yet to
be seen.

We have hypothesized that there might be two potential barriers to further
advance our knowledge and technologies of implicit interpersonal information. First,
many researches have been focused on “reading the mind from the brain.” This is
mainly because recent advances in brain imaging have been capturing interests of
researchers. However, over the decade of our research projects on implicit interper-
sonal information, it has gradually become clear that there exists unnoticed (and
therefore implicit) information among agents on surfaces of the agents’ bodies and
even in the space between the body surfaces. Moreover, reading the body surfaces
would lead to more knowledge and technological advances in implicit interpersonal
information.

For example, think about in-person interactions between an athlete and a coach.
There are many potential channels though which information are conveyed: direct
conversations, explicit and implicit feedback from the coach by observing the ath-
lete’smovement, explicit and implicit bodily feedback from the athlete’s own actions,
explicit and implicit feedback from observations of his/her own performance, social
encouragement and discouragement, life patterns of the athlete, etc. Patterns appear-
ing on the “surfaces” of the athlete’s body (skin, perspiration, breathing pattern,
movement patterns, etc.) would tell a lot of states of the athlete. In addition, we
would know that there are atmospheres that lead to either good or bad performance,
often consequential and sometimes independent of the consequence of interactions
among agents. This may appear to transpire from nowhere yet can be felt by those
involved in the interaction. However, it is rather difficult to describe what they actu-
ally are and even more difficult to implement processes that mediate such contexts.
This is mainly because the agents are unaware of it when they are highly involved
in activities. Therefore, “truly wearable” devices that do not interfere with users
activities are highly desired in the near future.
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Based on these ideas in minds and a recent advance in a performance mate-
rial capable of measuring biometric information [59], we have started up a new
project “Information Processing Systems based on Implicit Ambient Surface Infor-
mation.” In this project, we apply the knowledge and technologies assimilated in
the pas research projects and extend to understand of information that exists on the
surfaces of human body and machines but are largely ignored (“Implicit Ambient
Surface Information”). We utilize it to establish intelligent information processing
systems for creative human-machine collaboration. Especially, we aim at develop-
ing technologies that recode and decode implicit body movements and physiological
responses without disrupting natural behaviors. Additionally, we accumulate sci-
entific knowledge for theoretical advances. In order to achieve this, we plan to set
practical fields (e.g., sports) and to test the developed technologies, propose theories,
and accomplish the higher quality of activities by humans with collaborations with
machines.

As stated in [53], explicit representations of “minds” are consequence of implicit
and reciprocal processes between two agents. Thus, the networks of “minds” (or
societies) are not necessarily based on explicit knowledge and concepts but entan-
gled with complex implicit interactions at myriad levels (“rhizome” [60]) Then, an
important question is how to measure, decode, and even control such implicit inter-
actions.

One way to do this, among others, is to have users (e.g., athletes) be aware of
implicit processes by explicit or implicit feedback and let them think (or even not
think) about how they might impact such implicit interaction. Conversely, to under-
stand their performing context, coaches would also have to have metacognition and
emotion regulations. Knowledge and technologies to be developed by the new project
“Information Processing Systems based on Implicit Ambient Surface Information”
will help explicit and implicit collaborations between humans, between humans and
machines, between humans though machines, and possibly between machines.
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