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Neuroimaging Approach to the Functional Neuroanatomy : From Human
Brain Mapping of the Single Brain towards Network-Network Analysis
of Real-time Social Interaction as “Two-in-One” System using Hyper-
scanning fMRI

Norihiro Sadato, M.D., Ph.D.

National Institute for Physiological Sciences

Functional neuroimaging techniques such as PET and functional MRI have been enhanced with a sub-
traction method allowing us to examine changes in brain activity associated with task performance. An
implicit assumption of this method was that the brain is regarded as an input-output system driven by
interaction with the external world. However, based on observations of spontaneous brain activity, or activ-
ity present even in the absence of task performance or stimuli, brain function can also be conceptualized as
an operating-on-its-own system driven intrinsically, with external factors modulating rather than deter-
mining the operation of the system. Resting state network analysis with functional MRI is based on this
conceptualization. Now this approach is being extended to across-brain network analysis to depict the neu-
ral representation of online social interaction. During a dyadic social interaction, two individuals can share
visual attention through gaze, directed either to each other (eye contact) or to a third person or an object
(joint attention). Eye contact and joint attention are tightly coupled to generate a state of shared attention
across individuals. Hyperscanning fMRI in pairs of adults conducting joint attention tasks revealed the
existence of an inter-individual neural synchronization in the right inferior frontal gyrus, after all the task-
related effects were modeled out. We further conducted a two-day hyperscanning functional magnetic
resonance imaging study in which pairs of participants performed a real-time mutual gaze task followed
by a joint attention task on the first day, and mutual gaze tasks several days later. The joint attention task
enhanced eye-blink synchronization, which is a behavioral index of shared attention. When the same par-
ticipant pairs underwent mutual gaze without joint attention on the second day, enhanced eye-blink syn-
chronization persisted, and this was positively correlated with inter-individual neural synchronization of
the right inferior frontal gyrus. Thus, hyperscanning fMRI showed that the shared attention, a critical ele-
ment of social interaction, is represented and retained by pair-specific neural synchronization that cannot
be reduced to the individual level. The future perspective of this “we-mode” in neuroscience is discussed.
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Schematic representation of the real-time interaction during
shared attention tasks such as mutual gaze and joint attention. Based
on the past events (blue) different roles for the interacting individu-
als emerge as commitment and feedback, which are critical for shar-
ing intention, attention, and emotional states.
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Interaction(p < .01)

p<.001
N.S.
oL I -
Pair Nonpair Pair Nonpair
ASD - Normal Normal - Normal

Fig.2 A : Schematic diagram of the “hyper-scanning” fMRL
B : Significant positive correlations of the innovation between the paired subjects who had been “face-to-

face” during fMRI compared with the non-paired subjects. Images are superimposed on three orthog-
onal sagittal, transaxial, and coronal sections of T1-weighted high-resolution MR images. The blue
lines in each section cross in the right IFG (44, 26, —6). The color scale indicates the f values.

C : Between-subject correlations in the right IFG (x=44, y=26, z= —6) are calculated with the innova-
tion. An Experiment (ASD-Normal vs. Normal-Normal) X Pairing (Pair vs. Non-pair) interaction
was observed ($<0.01). A more prominent positive correlation was observed between the pair com-
pared with the non-pair combinations in the Normal-Normal experiment (right side, p<<0.001), but
not in the ASD-Normal experiment (left side, p=0.502, N. S.). Error bars indicate the SEM [Modi-
fied from Saito et al. (2010), and Tanabe et al. (2012) ].
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