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ABSTRACT

Previous task-related imaging studies in adults have demonstrated that there is a frontoparietal mirror
neuron system (MNS) that preferentially engages in self-recognition. However, the development of the
MNS during preschool (age 3-5 years) has not been thoroughly examined. In this study, we investigated
the development of the MNS by examining the correlations in spontaneous fluctuations of the functional
magnetic resonance imaging (fMRI) blood oxygen level-dependent (BOLD) signal in healthy, 3-5-year-old
preschool children (n =30, 15 in each group). Using a ROI-based (inferior frontal gyrus) functional con-
nectivity analysis, we identified a right lateralized MNS during rest in both groups with a positive corre-
lation between the inferior frontal gyrus and inferior parietal lobule. A significant increase in the
functional connectivity of the MNS was observed in the older group. Our results suggest that the spon-
taneous functional connectivity of the MNS is shaped at as early as 3 years of age and undergoes age-

related development within the preschool period.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

The mirror neuron system (MNS), which underlies self-
recognition, is present only in higher-order primates [1,2] and
plays a quintessential role in the development of social strategies
in children, such as empathy, sympathy, intentional deception,
mental state attribution, action observation, and synchronic imita-
tion with playmates [3,4]. A growing body of neuroimaging studies
on self-recognition in adults has generally investigated the neural
basis of self-recognition, namely, how the brain gives rise to self.
Strong evidence indicates that the right lateralized MNS, including
a set of frontal and parietal regions, plays a key role in self-
recognition [5-7]. The most striking finding involving the MNS
was in a region of the right inferior frontal gyrus (IFG), which
exhibited a greater activation during the processing of multimodal
self-related stimuli, such as self-face [5,6,8-11], -body [12] and -
voice [5]. This finding reflects the process of mapping the observed
stimuli onto the self [13,14], the distinction between others and
self [6], and sustained attention for processing of the self [11] or
self-relevant stimuli [10]. These neural findings from the IFG are
in strong agreement with clinical evidence from patients exhibit-
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ing delusional misidentification syndrome (DMS, a condition in
which the patient thinks that the person in the mirror is an impos-
ter or stranger), who also display lesions in the right frontal lobe
[15]. Another brain region that comprises the mirror neuron sys-
tem is the right inferior parietal lobule (IPL). Repetitive transcranial
magnetic stimulation (rTMS) to the right IPL has been demon-
strated to disrupt performance of a task involving the recognition
of the subject’s own face among morphed images of themselves
and a familiar person [16]. This region has often been associated
with self-awareness when self-related stimuli are presented [17],
and clinical evidence indicates that lesions in this area often lead
to the disruption of corporeal awareness, such as that observed
in patients with anosognosia [18].

The functional anatomy of this frontoparietal MNS, which is
vitally important for human self-recognition, has been inferred
from the results of conventional task-based studies motivated by
the idea that the brain is a system that primarily responds to task
variables. An alternative approach to understanding the functional
organization of the brain is the use of resting state functional mag-
netic resonance imaging (rs-fMRI), which assumes that the brain is
active even in the absence of a task and driven by internal dynam-
ics. During the resting state, a high temporal coherence of low fre-
quency (<0.08 Hz) fluctuations (LFFs) in an fMRI time series can be
observed between spatially distinct, functionally related brain
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regions [19]. Recent brain function studies using rs-fMRI in both
animals and humans have provided great support for this
approach. For example, using rs-fMRI, functional connectivity has
been observed between disparate brain regions that modulate
common task paradigms, such as motor [19], visual [19], ligual
[20], auditory [21], attention [22], and facial processing [23].

The assumptions and findings from rs-fMRI studies raise a new
question regarding the neural basis of self-recognition in humans.
Specifically, is the MNS underlying a human’s self-recognition
restricted to task-response patterns, or does it represent a more
fundamental functional architecture in the internal dynamics of
brain spontaneous activity? Furthermore, as the requirements for
fMRI scanning are too strict for many young children (e.g., no head
movement and the necessity for maintaining attention during
scanning time-series), little is known about the development of
MNS within preschool aged children. The advantage of rs-fMRI is
that tasks or the presentation of stimuli are not needed, making
it possible to address these questions even in very young children.

We hypothesized that the MNS of humans is not restricted to
the evaluation of external stimuli, but rather represents a synchro-
nized spontaneous network in the brain as previous rs-fMRI find-
ings. Furthermore, as a previous study has shown that the
concept of the self, which we know to be driven by the MNS,
may be actively developing during the preschool stage [24-27],
we hypothesized that an increased spontaneous neural activity
across the MNS in older preschool-aged children compared to
younger ones would be observed.

In the current study, we examined the spontaneous BOLD signal
fluctuations of preschool-aged children (a 3- and 5-year-old group
with 15 participants each) in the IFG, which is a region determined
by previous studies to play a specific role in abstract self-
representation. We first determined whether ongoing spontaneous
activity can be observed in the MNS, and we subsequently focused
in particular upon the development of the MSN between the ages
of 3 and 5 years.

2. Methods
2.1. Participants

The final sample of 30 Chinese preschool children between 3
and 5 years of age (see Table 1) were recruited from several kinder-
gartens in Nanshan District, Shenzhen City of Guangdong Province
and compensated for their participation. MRI scanning was
obtained from 6 additional participants, but these data were
excluded from the final analyses because these participants woke
up during scanning and were unwilling to continue. All the partic-
ipants were right-handed with normal vision and were free of psy-
chiatric disorders or medications. The Chinnes-Binet scale was used
to test the participants’ intelligence; no significant intellectual dif-
ference between the two groups was found (94.00 £2.62 vs.
97.40 + 6.48, trg = 1.93, p > .05, see also Table 1). The consent pro-
cedure was approved by the Academic Ethics Committee of
Guangzhou University, and written informed consent was obtained
from each participant’s legal guardian.

Table 1
Participant characteristics.

3 years group 5 years group

(n=15) (n=15)
Sex (female/male) 8/7 7/8
Age (months, means + SD) 36+2 60 +2
Chinese Binet (scores, means + SD) 94.00 £+ 2.62 97.40 + 6.48

2.2. Data acquisition

All MRI scanning was performed in afternoons or evenings. The
day before scanning, the participants complied with our require-
ment to sleep later in the evening and woke up earlier in the morn-
ing than usual, under the assistance of their guardians. All
participants were scanned at different times. The participants
scanned on the same day were divided into pairs and asked to
sleep successively for an interval of one hour. After falling asleep,
the children were cuddled softly and moved to the MRI scanner
by their kindergarten teacher. During the entire scan, the children
were accompanied by their guardians and daycare teacher to
increase the sense of security for the children. Finally, 6 partici-
pants were eliminated from the study because they woke up dur-
ing scanning; thus, MRI data of 30 participants, 15 from each age
group, composed the final sample. The experimental method was
similar to that in previous resting-state studies associated with
infants or preschool children [28,29].

All MRI scanning was performed with a 3T MRI scanner (Sie-
mens Magnetom Trio A Tim System) using a 12-channel head coil,
at Shenzhen Institutes of Advanced Technology, Chinese Academy
of Sciences. Anatomical images were scanned using a fast spin echo
(FSE) sequence and T1-weighted imaging with the following scan
parameters: TR=564 ms, TE=9.1 ms, slice thickness=2.5 mm,
gap = 0.5 mm, slice number =36, flipangle=70° field of view
(FOV) =200 mm x 200 mm, and matrix = 250 x 250. For functional
images, T2*-weighted single-shot echo planar imaging (single-shot
EPI) was used, and the parameters were as follows: TR = 2500 ms,
TE = 30 ms, flip angle = 90°, slice thickness = 2.5 mm, gap = 0.5 mm,
FOV =200 mm x 200 mm, and matrix = 64 x 64. The entire brain
was scanned in 36 slices, and the scan lasted 8 min. High-
resolution three-dimensional structural images were acquired
with a T1-weighted magnetization prepared rapid gradient echo
(MPRAGE) sequence (TR/TE=1900 ms/2.53 ms, flip angle =9°;
slice thickness = 1.0 mm, gap = 0 mm; FOV =250 mm x 250 mm;
matrix = 250 x 250). The whole scan for each child participant
lasted 15 min.

2.3. Data preprocessing

Data preprocessing was carried out in AFNI (analysis of func-
tional neuroimaging; http://afni.nimh.nih.gov) software [30]. The
first 5 image acquisitions of the resting state were discarded
because of spin saturation effects and adaptation of subjects to
their immediate environment. The remaining 185 images were
preprocessed, including:

a) Despiking (removal of extreme time series outliers using a
hyperbolic tangent function, using 3dDespike in AFNI);

b) Spatial alignment (3D volume registration using least-
squares alignment of 3 translational and 3 rotational param-
eters; 6 head movement parameters for each subject were
saved into a 1D text, using 3dvolreg in AFNI);

c) Spatial normalization to Talairach coordinate space [31]
referring to the methodology mentioned in previous
resting-state studies in children [32,33]. Initially, the 3-
year-old and 5-year-old children’s templates (http://jerlab.
psych.sc.edu/neurodevelopmentalmridatabase) were con-
verted to AFNI native dataset format (3dcopy in AFNI), then
MNI space was aligned to the Talairach space subjected to
the intercommissural line (AC-PC) of Talairach. Children’s
templates were aligned to atlas’s template (i.e., TT_N27,
using align_epi_anat.py of AFNI's program) and subse-
quently spatially transformed to the Talairach space
(@auto_tlrc in AFNI);
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d) Subsequent resampling to 3 mm isotropic voxels was fol-
lowed by spatial smoothing with 4 mm full-width at half
maximum (FWHM; 3dmerge in AFNI);

e) Detrend linear and quadratic drift from the time series of
each run (3dDetrend in AFNI);

f) A standard band pass filter (0.01-0.08 Hz) was then applied
to the time series of each voxel to reduce the effect of low-
frequency drifts and high-frequency noise [34-36], using
1dBandpass in AFNI;

g) Lastly, every voxel was normalized to its mean over the run
(3dcalc in AFNI).

2.4. Definition of region of interest

Region of interest (ROI) was defined based on previous task-
based studies of self-recognition (see Table 2). In all of these stud-
ies, participants were presented with a self-related stimulus such
as self-face, -body or -voice and asked to perform a self-other dis-
crimination task, with a consistent activation in the region of the
right inferior gyrus (IFG). Thus, given its specific role in self-
recognition found broadly in previous studies, the right IFG was
used as the seed region in the examination of spontaneous BOLD
correlation. Given that this study is the first one focusing on the
resting-state and the IFG activated in previous studies was located
in different Talairach coordinates, if the seed region were only
based on one specific Talairach coordinate system, it would not
be reliable or valid. Considering this, the Talairach coordinates of
the IFG for functional connectivity analyses were determined by
the following rules: first, the median coordinates of the IFG were
calculated based on previous studies of IFG activation (for example,
the x coordinates in previous studies were: 42, 48, 48, 44, 44, 42,
43, 50, and 46, thus midpoint x coordinates were located at 46);
second, before the analyses of functional connectivity, the coordi-

nates were transformed into high resolution 3D images (see
Fig. 1) to check whether they were located in the IFG regions.
The radii of the spheres used for functional connectivity analyses,
were determined by this calculation: half of the longest distance
in each dimensional coordinate (for example, the longest distance
in x coordinate was 8 mm, thus the radius used was 4 mm). Lastly,
right lateralized IFG regions (Talairach coordinate: x =46, y =25,
z=12.5) with different three-dimensional radii (4, 17, and
14.5 mm in x y and z axis respectively) generated the seed region
in the current study. This calculation covered the activated extent
of IFG in all previous studies associated with self-recognition, and,
more importantly, excluded the Talairach coordinates of the seed
region from the error that may be induced by different self-
related stimuli, task requirements or contrast analyses.

2.5. Simple correlation analysis

a) The mean time series of the seed region was calculated by
averaging across all voxels within the seed for each subject
(3dmaskave in AFNI).

b) To reduce noise and correct for the effects of neuromodula-
tory strategies that might have influenced the signal at the
whole-brain level, such as changes in respiration rate
[37,38], we detrended the ROI data against the whole-
brain (except for the seed region) time series data [38].
The voxel-wise detrending uses a linear least squares algo-
rithm to remove components from the voxel time series
(3dDetrend in AFNI).

¢) To compute functional connectivity maps corresponding to a
predefined seed ROI, the regional time course was correlated
against all other voxels within the whole brain (3dDecon-
volve in AFNI). To remove the confounding effects due to
motion artifacts, the time-points with excessive head

Table 2
List of studies that reported activation in the right IFG during self-recognition.
Researchers Task involved Contrast Talairach Coordinates
b4 y z
Devue et al. [8] Self-face recognition self vs. scrambled 42 34 6
self vs. colleague 48 32 14
Uddin et al. [6] Self-face recognition self vs. familiar 48 42 -2
Kaplan et al. [5] Self-face recognition self vs. familiar 44 36 12
Self-voice recognition self vs. familiar 44 38 2
Platek et al. [43] Self-face recognition self vs. famous 42 8 27
Sugiura et al. [11] Self-face recognition A-Cvs. A-P 43 12 6
A-P 50 16 2
Oikawa et al. (2011) Self-face recognition self vs. stranger 46 32 6

Notes: In the studies of Sugiura et al. [11], A corresponds to active self-recognition, P corresponds to passive self-recognition and C corresponds to control tasks. Additionally,
we excluded two coordinates reported in the studies of Morita et al. [10] and Hodzic et al. (2009) because these coordinates were located in regions other than IFG.

Fig. 1. Region of interest in inferior frontal gyrus of children in resting-state.
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motion (>0.3 mm) were censored from each subject’s time
course; detailed information of the TRs censored is shown
in Table 3. Furthermore, 6 head movement parameters
obtained from realignment were taken as covariates.

d) Fisher’s r-to-z transform was applied to these correlation
coefficients [19] (3dcalc in AFNI).

2.6. Group analysis

Subsequently, the z scores were put into voxel-wise one-sample
t-test to determine significant connectivity to the IFG in each group
(3dttest++ in AFNI). Additionally, voxel-wise two-sample t-test
was performed to detect the regions showing significant differ-
ences in connectivity between the two groups (3dttest++ in AFNI).
A minimum cluster size of 23 voxels (621 mm?) was determined
through Monte Carlo simulations to correct for family-wise errors
with a voxel-wise threshold at ti4>4.14 (p<.001) and at
trg >2.145 (p<.05) for the within- and between-groups test
respectively. The significance maps were overlaid on an average
of the Talairach-normalized high resolution 3D images from all
subjects in this study. The locations of regions with significant con-
nectivity to the IFG were identified by known neuroanatomical
landmarks.

2.7. Laterality

For each participant, a laterality index (LI) was obtained from
statistical maps. The calculation of LI was determined by the fol-
lowing expression: LI=(Lyo — Ryo)/(Lvor + Ryo1) [39,40]. In this
expression, L represents the volume of the voxel activated above

Table 3
The information of TRs censored from time series.

Group Subject No. TRs censored Percentage censored (%)
3-year-old 1 17 9.18%
2 4 2.16%
3 19 10.27%
4 0 0%
5 8 4.32%
6 4 2.16%
7 6 3.24%
8 0 0%
9 0 0%
10 6 3.24%
11 57 30.81%
12 6 3.24%
13 56 30.27%
14 6 3.24%
15 4 2.14%
5-year-old 1 2 1.08%
2 56 30.27%
3 50 27.02%
4 31 16.75%
5 2 1.08%
6 37 20%
7 0 0%
8 2 1.08%
9 28 15.13%
10 2 1.08%
11 0 0%
12 13 7.02%
13 11 5.94%
14 18 9.72%
15 30 16.21%

Notes: The time-points with excessive head motion (i.e., >0.3 mm) were censored
from data analysis. On average, 6.96% of TRs were excluded from 3-year-old sub-
jects’ data while 10.16% of TRs were excluded from 5-year-old subjects’ data. No
significant difference in the percentages of TRs censored between groups was found
in the independent t-test (6.96 + 2.59% vs. 10.16 + 2.63%, mean with S.E; t,g = —0.87,
p > .05, 2-tailed).

a certain threshold in the left hemisphere, while R represents the
volume of the voxel activated above a certain threshold in the right
hemisphere. The left hemispheric lateralization was defined as an
LI > 0.10, while the right hemispheric lateralization was defined
as an LI < —0.10. When the laterality indexes of 30 participants
were obtained, a between-group comparison was performed using
a two-sample t-test.

3. Results

3.1. Right IFG connectivity analyses within the 3- and 5-year-old
groups

Maps of voxels whose time course was significantly correlated
or anti-correlated with the time course of right IFG are shown in
Table 4. In the 3-year-old group, the right IFG showed significant
positive connectivity to a number of brain regions, including the
right IFG (BA 47), left middle frontal gyrus (BA 9, 46), and right
parietal lobule (BA 40). In the 5-year-old group, the right IFG
showed significant positive connectivity to the following brain
regions: bilateral IFG (BA 46, 47), right inferior parietal lobule
(IPL; BA 40), right medial frontal gyrus (BA 8), middle temporal
gyrus (BA 20), and right middle occipital gyrus (BA 19). The key
finding was the positive functional connectivity between the IFG
and IPL in both groups (see in Fig. 2A and B, presenting with SUMA
software, http://afni.nimh.nih.gov/afni/suma), suggesting the fron-
toparietal mirror neuron system is evident in preschool children.

3.2. Difference in IFG connectivity between the 3- and 5-year-old
groups

When comparing right IFG connectivity between the 3-year-old
and 5-year-old groups, several regions, including the right superior
parietal lobule (BA 7), left postcentral gyrus (BA 2), right IPL (BA
40), left postcentral gyrus (BA 40), and left occipital lobule (BA
31), showed significantly increased connectivity to the right IFG
regions in the 5-year-old group; specific cluster locations are listed
in Table 5.

3.3. Laterality within the 3- and 5-year-old groups

The significantly activated voxel of IPL was identified. The IPL
was chosen because this region and the right IFG comprised the
frontoparietal mirror neuron system in previous task-based stud-
ies. The result of between-group analyses for laterality index
showed that there was no significant difference in laterality
between the 3-year-old and 5-year-old groups (tps < 2.048,
p>.05,-0.59 £0.18 vs. —0.56 + 0.16, see Table 6), but the LI scores
imply that the functional connectivity was mostly right lateralized.

4. Discussion

The MNS model derived from previous studies was based upon
patterns of neuron activity during the response to explicit self-
recognition tasks. In these studies, the frontoparietal MNS was
found to be preferentially activated during task processing. In the
current study, we explored whether this functional organization
is present even under resting state conditions; furthermore, we
identified the potential differences in MNS function between two
childhood age groups.

We made several key findings. First, we showed that the MNS
observed in traditional fMRI studies could also be observed at rest,
with the right IPL being positively correlated to the right IFG in
both the 3- and 5-year-old groups. Secondly, we found that the
spontaneous functional connectivity of the MNS was significantly
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Table 4
Regions showing functional connectivity to right IFG in both groups (ifg ROI func...).
Group Hemisphere Brain Regions BA Vol (mm?) Talairach coordinates
X y z
3 years R Inferior Frontal Gyrus 47 20,142 50 17 -1
L Middle Frontal Gyrus 9 3483 -38 23 27
L Middle Frontal Gyrus 46 2268 —47 41 15
R Inferior Parietal Lobule 40 1161 50 —47 51
R Inferior Parietal Lobule 40 1053 56 -35 48
5 years R Inferior Frontal Gyrus 47 27,486 47 17 3
L Inferior Frontal Gyrus 46 12,474 —47 35 12
R Inferior Parietal Lobule 40 9450 32 -50 44
R Medial Frontal Gyrus 8 4509 5 20 45
R Middle Temporal Gyrus 20 2322 56 -32 -13
R Middle Occipital Gyrus 19 675 26 -86 9

Notes: BA, Brodmann's area; Vol, cluster volumn; x, y, z, coordinates of locations in Talairach space (Talairach and Tournoux 1988). Voxels with t;4 > 4.14 (p <.001), and a
minimum cluster size of 23 (621 mm?) were considered to be significantly functionally correlated to the right IFG.

10

7.5

2.5

Fig. 2. The functional connectivity of frontoparietal MNS. (A) and (B) respectively correspond to the 3-year- and 5-year-old groups, voxel threshold was set at t14 > 4.14
(p <.001) with a minimum cluster size of 23 voxels (621 mm?); (C) corresponds to right IPL (BA 40) showing significantly increased connectivity to the right IFG seed regions
in the 5-year-old group relative to 3-year-old group, voxel threshold was set at t,g > 2.145 (p < .05) with a minimum cluster size of 23 voxels (621 mm?); All corresponded to
flattened images of right IPL.

Table 5

Regions showing increased functional connectivity to IFG in the 5-year-old group.
Brain regions BA Vol (mm?) Talairach coordinate

X y z

Right superior parietal lobule 7 4725 26 -56 60
Left postcentral gyrus 2 1620 -53 -29 57
Right inferior parietal lobule 40 1107 59 -32 39
Left postcentral gyrus 40 891 -29 -38 42
Left Occipital Lobule 31 837 -20 -71 18

Notes: The meanings of BA, Vol and Talairach coordinate are shown in Table 4. Voxels with t;4 > 2.145 (p <.05), and a minimum cluster size of 23 (621 mm?) were considered
to be significantly functionally correlated to the right IFG.

increased in the 5-year-old group relative to the 3-year-old group. Functional connectivity analyses showed that the right IPL (BA
Finally, we observed that the synchronized spontaneous neural 40) was positively correlated to the right IFG in both groups. In pre-
activity across the MNS displayed a right hemispheric vious studies, when participants were presented with the self-face,
lateralization. a typical co-activation of the right IPL and IFG was generally
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Table 6
Functional laterality indexes.

LI (mean + SD)

All participants (n=30) -0.57+0.23

3 years group (n=15) -0.59+0.18

5 years group (n=15) -0.56+0.16
Notes:  LI=(Lyoi — Ryo1)/(Lvor + Ryor), LI>0.10 and

LI < —0.10 were defined as left and right hemispheric
lateralization respectively. There was no significant
difference in laterality between 3-year-old and 5-year-
old groups [tyg < 2.048 (p >.05)].

observed. Thus, this right frontoparietal network was considered to
be a part of the MNS that preferentially engaged in self-recognition
[5-7]. We have extended this finding in the present study by show-
ing that the spontaneous functional connectivity between the IPL
and the IFG is also observed during the resting state. Our results
suggest that the frontoparietal MNS is not only driven by external
demands but also represents a fundamental functional architec-
ture in the internal dynamics of brain spontaneous activity.

Our results also show that the spontaneous functional connec-
tivity of MNS was increased in the older, compared to the younger,
age group suggesting that the frontoparietal MNS undergoes age-
related development. This may support findings from previous
behavioral studies that have indicated that the self-recognition
ability of a 5-year-old child is greater than that of a 3-year-old
child [24-27]. However, one limitation to the current study is the
lack of behavioral tests. Including such tests in future studies,
which would strengthen the correlation between behavioral per-
formance and spontaneous functional connectivity of the MNS, will
help to elucidate the nature of the synchronized spontaneous neu-
ral activity of MNS.

Notably, although previous task-based studies have reported a
right-lateralization of the MNS [5-7], we directly quantified this
laterality on the basis of spontaneous functional connectivity. We
found that the functional connectivity of the MNS during rest
was indeed right-lateralized; the presence of lateralization during
the resting state is important because it suggests that hemispheric
lateralization is not induced by task-involved processing but is a
fundamental aspect of the patterning of spontaneous activity. Fur-
thermore, this finding may also provide some explanation of the
inconsistent findings and perspectives regarding hemispheric lat-
eralization in previous task-based studies [5,6,41-45].

The current study demonstrates that the frontoparietal MNS,
defined on the basis of explicit tasks with specific self-
recognition demands, also exhibits ongoing spontaneous activity.
An important and interesting question is why task-evoked and
resting-state activity patterns are so similar. One striking idea is
that internal ongoing spontaneous activity serves to organize and
coordinate neural activity, and this organization and coordination
would be more effective if regions were commonly co-modulated
[22,46]. Another viewpoint is that the spontaneous activity of the
frontoparietal MNS serves as a record or memory of previous use,
allowing the regions that have been modulated together in a task
to be correlated during resting conditions [47]. These viewpoints
are mutually compatible and benefit our understanding of why
the task-based activation patterns of the MNS can also be shown
during spontaneous activity.

In summary, the current study identifies a right-lateralized
MNS in preschool children on the basis of spontaneous activity,
suggesting that the MNS, as defined in previous task-based studies,
represents a fundamental functional architecture in the internal
dynamics of spontaneous brain activity. Furthermore, this system
is subject to age-related development in children between the ages
of 3 and 5 years old. The finding that the MNS, as defined by self-

face recognition tasks in traditional fMRI studies, was also func-
tionally connected during rest invites a broader investigation of
whether other functional networks (e.g., multisensory perception,
learning and memory, dorsal/ventral visual system, and emotion)
also possess properties of internal dynamics.
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