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Abstract

Neuroimaging studies have indicated that a brain network distributed in the supramodal cortical regions of the frontal, tem-
poral, and parietal lobes plays a central role in conceptual processing. The activation of this network is modulated by two
orthogonal dimensions in conceptual processing—the semantic features of individual concepts and the meaningfulness of
conceptual combinations—but it remains unclear how the network is functionally organized along these two dimensions.
In this fMRI study, we focused on two specific factors, i.e. the social semantic richness of words and the semantic plausi-
bility of word combinations, along the two dimensions. In literature, the distributions of the effects of the two factors are
very similar, but have not been rigorously compared in one study. We orthogonally manipulated the two factors in a phrase
comprehension task and found a clear dissociation between their effects. The combination of these results with our previous
findings reveals three adjacently distributed subnetworks of the supramodal semantic network, associated with the social-
ity effect, imageability effect, and semantic plausibility effect, respectively. Further analysis of the resting-state functional
connectivity data indicated that the functional dissociation among the three subnetworks is associated with their underlying
intrinsic connectivity structures.

Keywords Social concepts - Semantic plausibility - Semantics - Brain network - Phrase comprehension - Functional
connectivity
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article (https://doi.org/10.1007/s00429-020-02052-3) contains
supplementary material, which is available to authorized users. Neuroimaging studies have indicated that a brain network
consisting of supramodal cortical regions' plays a central
role in conceptual processing (Binder et al. 2009; Ferstl
et al. 2008). The network includes the angular gyrus (AG)
and temporoparietal junctions (TPJ), dorsal and ventral

medial prefrontal cortices (MPFC), posterior cingulate gyri
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(PC) and adjacent precuneus, fusiform gyrus and adjacent
parahippocampus, middle temporal gyrus (MTG), and infe-
rior frontal gyrus (IFG). Most of the semantic activations
observed in neuroimaging studies are distributed within this
supramodal cortical semantic network (Binder et al. 2009).

In addition to exhibiting a general preference to concep-
tual processes, the activation of the supramodal cortical
semantic network is modulated by two orthogonal and broad
dimensions in conceptual processing. The first dimension

! Supramodal cortical regions: cortical regions that receive multi-
modal input not dominated by any single modality (Binder and Desai
2011).
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encompasses the semantic features of individual concepts.
Current theories of concept representation generally assume
that individual concepts are represented by sets of semantic
features and there is considerable neuropsychological and
neuroimaging evidence that the neural correlates of different
types of semantic features, such as sensory, motor, and social
semantic features, are at least partially dissociated from
each other (Binder et al. 2016; Huth et al. 2016; Mahon and
Caramazza 2009; Martin 2007). Consistent with this view,
recent studies showed that the supramodal cortical semantic
network contains fine-grained subdivisions whose activation
is sensitive to different types of semantic features (Fernan-
dino et al. 2016; Huth et al. 2016; Lin et al. 2018; Rice et al.
2018), indicating that the network contains subsystems to
selectively process different types of semantic features (Fer-
nandino et al. 2016; Lin et al. 2018). The second dimension
is the meaningfulness of conceptual combinations. Several
neuroimaging studies have employed the contrasts of high-
versus low-meaningfulness conceptual combinations, such
as plausible versus implausible word combinations (Forgacs
et al. 2012; Graves et al. 2010; Price et al. 2015), sentences
versus word lists (Bonhage et al. 2014; Humphries et al.
2006; Lerner et al. 2011; Stowe et al. 1998; Vandenberghe
et al. 2002; Xu et al. 2005), and coherent narratives versus
unconnected sentences (Lerner et al. 2011; Xu et al. 2005),
to investigate the neural correlates of combinatorial con-
ceptual processes. Most of these studies found widespread
activation within the supramodal cortical semantic network,
indicating that the function of this network is not only lim-
ited to representing individual concepts but also includes the
processing of global meanings of conceptual combinations.

Studies of conceptual processing often associate the
effects of the two aforementioned dimensions with the two
fundamental functions of conceptual processing: the effect
of the semantic features of individual concepts is often asso-
ciated with concept representation, and the meaningfulness
effect of conceptual combinations is often associated with
combinational conceptual processing. It remains controver-
sial whether these two fundamental functions have common
or separate neural correlates. Some researchers propose that
a common brain network is ubiquitously involved in both
functions (Blank et al. 2016). Others argue that there are
separate neural correlates for the two functions but cannot
reach a consensus on the specific structure—function corre-
spondences (Hagoort 2013; Jung-Beeman 2005). Therefore,
clarifying the cortical distributions of the effects of the two
dimensions is important for revealing the functional organi-
zation of the supramodal cortical semantic network.

In this study, we focused on two specific factors, i.e., the
social semantic richness (or “sociality,” see Lin et al. 2015,
2018) of words and the semantic plausibility of word com-
binations, along the two dimensions. The social semantic
richness of a word refers to the extent to which the meaning
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of a word is related to interpersonal interactions (Binder
et al. 2016; Lin et al. 2018). Studies focused on the process-
ing of words denoting high-sociality concepts such as human
traits, human mental states, stereotypes, and social actions
consistently found the activation of a set of brain regions,
including the bilateral anterior temporal lobes (ATL), AG/
TPJ, MPEC, and PC/precuneus (Contreras et al. 2012; Huth
et al. 2016; Lin et al. 2015; Lin et al. 2018; Mitchell et al.
2002; Tamir et al. 2016; Wang et al. 2019; Zahn et al. 2007).
These brain regions have strong intrinsic functional con-
nectivity to each other and are largely dissociated from the
brain regions that are involved in sensory—motor semantic
processing (Lin et al. 2018). Therefore, it has been proposed
that this set of brain regions constitutes a subsystem of the
semantic network that selectively represents social semantic
features of concepts (Binder et al. 2016; Huth et al. 2016).

The semantic plausibility of a word combination refers to
the extent to which a word combination is meaningful (Price
et al. 2015). Three previous fMRI studies have manipulated
the semantic plausibility of word combinations and have
observed the semantic plausibility effect (high plausibil-
ity > low plausibility) in the bilateral AG/TPJ, MPFC, PC/
precuneus, and ATL (Forgécs et al. 2012; Graves et al. 2010;
Price et al. 2015). The semantic plausibility effect of word
combinations is considered to reflect conceptual combina-
tion per se (Price et al. 2015) or the processes of relating
combinational semantics to world knowledge (Pylkkinen
etal. 2011).

We are interested in these two specific factors because, in
the functional neuroimaging literature, the cortical distribu-
tions of their effects both involve the same set of broad brain
regions, i.e., the AG/TPJ, the ATL, the MPFC, and the PC/
precuneus. Two separate lines of studies have associated
these brain regions to social concept representation (Binder
et al. 2016; Huth et al. 2016) and combinational conceptual
processing (Bemis and Pylkkinen 2011, 2013; Boylan et al.
2017; Graves et al. 2010; Price et al. 2015). We conducted
a literature search to compare the previous neuroimaging
findings on the two effects (see the Supplementary Materi-
als for details). As shown in Fig. 1, the distributions of the
activity peaks of the two effects have considerable similarity
(see Tables S1 and S2 for details on the studies and activ-
ity peaks). The similarity between the neural correlates of
the two effects implies two alternative theoretical possibili-
ties. The first possibility is that the two effects are associated
with two distinct sets of brain regions, whose distributions are
close to but different from each other. In this case, distinguish-
ing the distributions of the brain regions associated with the
two effects would help to reveal the fine-grained functional
organization of the supramodal cortical semantic network. The
second possibility is that the brain areas related to the two
effects are indeed highly overlapped. In this case, confirming
the overlap between these brain regions would help to raise
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Fig. 1 Activity peaks reported in the previous studies on the sociality
effect of words and the semantic plausibility effect of word combina-
tions. See Tables S1 and S2 for the detailed activity peak coordinates
and references

further theoretical questions: why do social concepts evoke
stronger activation in the brain regions that support combina-
tional conceptual processing than nonsocial concepts do? Is
it because the comprehension of social concepts may evoke
implicit combinational conceptual processing? One possible
mechanism is that thinking of a social concept (e.g., steal) may
evoke mentalizing processes that integrate the known facts
about the concept (e.g., take a thing without the owner’s con-
sent) and the inferred mental states (e.g., to make a profit or to
harm the owner) into a combinational representation (Leslie
1994). Because previous studies on the sociality and seman-
tic plausibility effects varied in tasks, scanners, participants,
stimuli, and analyzing methods (e.g., spatial normalization
methods), it remains difficult to distinguish between the two
aforementioned possibilities.

In this study, we rigorously compared the distribu-
tions of the sociality and semantic plausibility effects by
orthogonally manipulating these two factors in a single
fMRI experiment. In addition, we conducted further analy-
sis of the resting-state functional connectivity (RSFC) to
investigate whether the functional dissociation within the
supramodal cortical semantic network revealed by the task
fMRI data is associated with the underlying intrinsic con-
nectivity structures.

Materials and methods
Participants

Twenty healthy undergraduate and graduate students (8
females) participated in the fMRI experiment. The mean

age of the participants was 22.5 years (SD=1.6 years). All
participants were right-handed and native Chinese speakers.
None of the participants had suffered from psychiatric or
neurological disorders or had ever sustained a head injury.
All the protocols and procedures were approved by Insti-
tutional Review Board of the Magnetic Resonance Imag-
ing Research Center of the Institute of Psychology of the
Chinese Academy of Sciences, and each participant read
and signed an informed consent form before the experiment.

Design and materials

The stimuli are all Chinese verb-noun phrases, each of which
consists of a two-character verb and a two-character noun.
The social semantic richness of the component words and
the plausibility of the phrases were manipulated. Therefore,
the experiment contained four conditions, namely, the high-
sociality and high-plausibility condition (HSHP; e.g., 58
JE_A., meaning “to detain suspects”), the high-sociality and
low-plausibility condition (HSLP; e.g., KB, mean-
ing “to detain greeting cards”), the low-sociality and high-
plausibility condition (LSHP; e.g., ¥] & JJ &, meaning “to
sharpen a knife”), and the low-sociality and low-plausibil-
ity condition (LSLP; e.g., ¥] EE#3{, meaning “to sharpen
cotton”).

The component words of the stimuli were chosen from
275 verbs and 275 nouns. Two prior rating experiments were
conducted with 16 additional participants to obtain the soci-
ality and imageability ratings for these words. The image-
ability was chosen as a control variable, as its effect on brain
activation overlaps with that of sociality (Lin et al., 2018).
In the sociality rating experiment, participants were asked
to classify the words according to how often the meaning of
a word involves an interaction between people (5 =always,
4 =typically, 3 =sometimes, 2 =rarely, and 1 =never). In
the imageability rating experiment, participants were asked
to rate the extent to which the meaning of a word recalls
an image (5 =very high and 1 =very low). In both rating
experiments, high inter-rater reliability (Shrout and Fleiss
1979) was shown by the intraclass correlation coefficients
(ICC; sociality rating: ICC [2, 16]=0.955, imageability rat-
ing: ICC [2, 16]=0.958).

Based on the results of these rating experiments, we
selected 120 high-sociality words (60 verbs and 60 nouns)
to form the high-sociality (HSHP and HSLP) phrases and
120 low-sociality words (60 verbs and 60 nouns) to form
the low-sociality (LSHP and LSLP) phrases. The sociality
ratings (see Table 1) were significantly different between
the high- and low-sociality verbs (¢ [118] =25.351;
p <0.001) and between the high- and low-sociality
nouns (¢ [118]=32.310; p<0.001). The imageability
ratings and the log word frequencies obtained from the
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Chinese Linguistic Data Consortium (2003) corpus (see g E 3
Table 1) were matched between the high- and low-sociality é ég
verbs and between the high- and low-sociality nouns (s £ < < & € £ §D
[118]<1). O I T T T x
The selected words were used to form 240 phrases (60 o § § S § <:5 E =
per condition; see Table S3 for the full version of the 240 § f E;
phrases). Each word appeared twice in the experiment, E g 2 §
once in a high-plausibility and once in a low-plausibility T |E i i g g § E
phrase. Therefore, the component words were identical %ﬂ 2 _ | A H H g-g
between the HSHP and HSLP conditions and between the sles|x i x i 3 s
LSHP and LSLP conditions. The plausibility manipula- 5 g
tion was confirmed by an independent rating experiment & § é’
with 16 additional participants, in which participants g g 3 E ":’ gz
were asked to rate the extent to which a phrase is seman- ot _ | A H H H o %
tically plausible (5 =very high and 1 =very low; see é § § § E § ;i.a
Table 1). The inter-rater reliability of the plausibility rat- ~8
ing experiment was very high (ICC [2, 16] =0.944). The =8 p %
plausibility ratings were significantly different between Z g‘ g § 2 § goﬁ
the high-plausibility and low-plausibility conditions (s §0 D I H H H é é
[118]>64.322; ps<0.001) and were matched between g § § e e 3 ¥ 2 %
the HSHP and LSHP conditions and between the HSLP B
and LSLP conditions (¢s [118] < 1). We also obtained 8 - - %"E
the co-occurrence frequency of the component words of g i 3 3 3 E 'Cg
each stimulus in a corpus of materials from the Giganews %’ | & H H H £
(https://cn.giganews.com/) and Baidu Baike (https://baike 235 |¢g g = = % 2
.baidu.com/) websites, containing two billion words. Fol- —g g
lowing Price et al. (2015), we took the log (x+ 1) of this 8 - - - - :8 %
co-occurrence frequency and referred to this measure as z| £ ] e < @ 2 §D
the “combinatorial strength” of the component words. g ; I H H H : E¥
Replicating the findings of Price et al. (2015), the ratings g|es|3 Z S I £ 85
of the phrases’ plausibility and the combinatorial strength = 3 5
of the component words were strongly correlated with 2 ; £ S
each other (Spearman’s p=0.816; p <0.001). The combi- ‘§ = 2 g g g —§ % g
natorial strength (see Table 1) was significantly different ;g ) 2 H H H e §D 5
between the high-plausibility and low-plausibility condi- S & > P > P g S £
tions (#s [118] > 11.542; ps <0.001) and was not different . g é (?)3
between the HSHP and LSHP conditions (¢ [118] < 1) or % - B o - S R é‘
between the HSLP and LSLP conditions (z [118]=1.487; 2 S pE o X g 5Z
p=0.140). g § %* ::l 5' §_' 5' “é, i%
£ wn % < — < — s£E%
2] 3% E
Procedures g o Zz 5§55
g5 8 £E 2
The fMRI experiment employed an event-related design, % g § % 2 3 2 2 g s £
containing four runs of six minutes and 10 s each. Each g Z 5= ~ ~ = ~ 8 § g
run included 60 trials (15 for each condition). In the first i . . S E E
10 s of each run, participants were shown a fixation. Then, % & 4 > S 2 €. £8 g E )
they performed a phrase comprehension task in which they § = é c = JDJ’[: ;Dg g éﬁ E Q f;-’» s
saw a Chinese verb—noun phrase and were asked to indicate =< § E g g ?gl; § 2 i Lj ;é {0 g g % 3 E
whether the phrase was semantically plausible by pressing % M K K™™w w T8 g
buttons. In each trial, the phrase appeared for 3 s, followed =15 g ; E
by a jitter fixation of at least 1 s. The length of the jitter % -§ = - & Ay f 8 z
fixations and the order of the trials were optimized using s S Z z A3 A =g
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optseq2 (https://surfer.nmr.mgh.harvard.edu/optseq/) and
were counterbalanced across runs and participants.

Image acquisition and preprocessing

The MRI data were collected using a GE Discovery
MR750 3 T scanner at the Magnetic Resonance Imaging
Research Center of the Institute of Psychology of the Chi-
nese Academy of Sciences. T1-weighted structural images
were obtained using a spoiled gradient-recalled pulse
sequence in 176 sagittal slices with 1.0-mm isotropic vox-
els. Functional blood-oxygenation-level-dependent data
were collected using a gradient-echo echo-planar imaging
sequence in 42 near-axial slices with 3.0-mm isotropic vox-
els (matrix size =64 X 64; repetition time =2000 ms; echo
time =30 ms). Before the tasks were performed, resting-state
fMRI data were collected with a single run lasting 8 min,
obtained in 33 axial slices with 3.4 mm X 3.4 mm X4 mm
voxels (matrix size =64 X 64; repetition time =2000 ms;
echo time =30 ms).

The fMRI data were preprocessed using the Statistical
Parametric Mapping software (SPMS; https://www.fil.ion.
ucl.ac.uk/spm/). For the preprocessing of the task fMRI
data, the first five volumes of each functional run were dis-
carded to reach signal equilibrium. Slice timing and 3-D
head motion correction were performed. After that, a mean
functional image was obtained for each participant, and the
structural image of each participant was coregistered to the
mean functional image. Then, the structural image was seg-
mented using the unified segmentation module (Ashburner
and Friston 2005). The parameters obtained during segmen-
tation were used to normalize the functional images of each
participant into the Montreal Neurological Institute space.
Then, functional images were spatially smoothed using a
6-mm full-width-half-maximum Gaussian kernel.

When preprocessing the resting-state fMRI data, the first
ten volumes were discarded, followed by steps that were
similar to those of the task fMRI data, except that the effects
of nuisance variables, including 6 rigid head motion parame-
ters, white matter signal, and cerebrospinal fluid signal, were
regressed from the functional images before spatial normali-
zation. After those steps, linear trends were removed, and
the images were 0.01-0.1 Hz band-pass filtered to reduce
the effects of low-frequency drifts and high-frequency noise.

Data analysis

Statistical analysis was performed using 2-level mixed-
effects models implemented in SPMS. At the first level, a
general linear model was applied to examine the fixed effect
of each participant. The four conditions (HSHP, HSLP,
LSHP, and LSLP) were set as covariates of interest. Each
trial was modeled as an event with a duration of 0 s. Six head

motion parameters obtained by the head motion correction
were included as nuisance regressors. The effect of response
time (RT) was also included as a nuisance covariate (Yarkoni
et al. 2009). A high-pass filter (128 s) was used to remove
low-frequency signal drift.

The participant-specific statistical maps obtained in the
first-level analysis were then entered into a second-level
random-effect analysis. A flexible factorial design was
applied to accommodate a 2 X 2 within-subject design. The
main effects, that is, those of sociality and plausibility, and
their interaction were examined. The false-positive rate was
controlled at @ < 0.05 using cluster-level FWE correction as
implemented in SPMS (voxel-wise p <0.001). The results
were visualized using the BrainNet Viewer software (Xia
et al. 2013).

To examine whether there is dissociation between the
neural correlates of the sociality and semantic plausibility
effects, we conducted two analyses. In the first analysis, we
examined whether the brain regions showing the sociality
effect and those showing the plausibility effect in the whole
brain analysis overlapped each other. In the second analy-
sis, to enhance the statistical power, we used a region-of-
interest (ROI)-based approach in which the beta estimates
of all voxels were averaged within each ROI. We defined the
brain regions showing sociality and plausibility effects in the
whole brain analysis as ROIs, and examined whether any of
the sociality ROIs showed a plausibility effect or vice versa.

Since the sociality effect observed in the present study
was much less extensive than that observed in previous stud-
ies (e.g., Lin et al. 2015; Lin et al. 2018), possibly because
of the relatively shallow semantic processing and low effort
required by the task in the present study (Meyer et al. 2012,
2015), we conducted two supplementary analyses based on
the results of a recent study (Lin et al. 2018), which identi-
fied all the classic regions of the social semantic network.
Lin et al. (2018) used the same MRI scanner, experimental
parameters (number of conditions, number of items, length
of trials, length of jitter fixations, number and length of
runs), and data analyzing procedures used in the present
study. Therefore, the data of the two studies are highly com-
parable. The only differences between the two studies are in
the participants, stimuli (two verbs per trial vs. a verb—noun
phrase per trial), and task requirements (semantic related-
ness judgment vs. plausibility judgment). In the first analy-
sis, we examined whether the sociality clusters of Lin et al.
(2018) overlapped with the plausibility clusters of the pre-
sent study. In the second analysis, we defined the sociality
clusters of Lin et al. (2018) as ROIs and examined whether
any of these ROIs showed a significant plausibility effect in
the present study.

As shown in “Results” section, all such analyses indi-
cated that the brain regions associated with the sociality and
semantic plausibility effects are largely dissociated from
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each other. We thus conducted two follow-up analyses to
investigate whether the dissociation between the two sets
of brain regions is associated with their intrinsic functional
connectivities. In the first analysis, we examined whether
the dissociation between sociality and plausibility effects
follows the divides of the seven large-scale intrinsic brain
networks identified by Yeo et al. (2011), obtained based on
the RSFC data of 1000 healthy participants. Overlapping
our results with the seven networks can indicate to what
extent the large-scale intrinsic connectivity structures of the
human brain may constrain the dissociation between the two
effects. For each cluster showing a sociality or plausibil-
ity effect in the present study, we calculated the number of
voxels overlapping the seven intrinsic brain networks (Yeo
et al. 2011). The overall distributions of the two effects in
the seven intrinsic brain networks were also calculated and
compared to each other.

In the second analysis, we defined the clusters showing
the sociality and plausibility effects in the present study as
ROIs, and calculated the RSFC between each pair of ROIs.
To examine whether the dissociation between the two sets
of ROIs (sociality ROIs and plausibility ROIs) is associated
with their intrinsic functional connectivity properties, we
compared the average RSFC within each set of ROIs to the
average RSFC across the two different sets of ROIs. If the
two sets of ROIs correspond to two intrinsic brain networks,
we would expect the average RSFC within each set of ROIs
to be stronger than that across the two sets. The analysis
was conducted using the Resting state fMRI Data Analysis
Toolkit (REST version 1.8; https://www.restfmri.net) (Song
et al. 2011). For each participant, the ROI-to-ROI RSFC was
represented by the correlation coefficient between the mean
time series of each pair of ROIs. The statistical analysis was
performed using within-subject ¢ tests, after the correlation
coefficients were Fisher-transformed to improve normality
(Silver and Dunlap 1987). For visualization purposes, we
also created a matrix in which the correlation coefficient
between each pair of ROIs was Fisher-transformed and aver-
aged across subjects, and then inverse-Fisher-transformed
for presentation. Moreover, as in the analysis of brain acti-
vation, we conducted a supplementary ROI-based RSFC
analysis using the sociality clusters of Lin et al. (2018) and
the plausibility clusters of the present study as ROIs.

Beyond the main question of the present study, i.e.,
whether the brain network supporting social semantic pro-
cessing and that supporting semantic plausibility judgment
are dissociated from each other, a further important question
is whether these two networks are dissociated from the other
semantic subnetworks, such as the sensory—motor semantic
network. By comparing the sociality and imageability effects
during word comprehension, Lin et al. (2018) revealed that
the social and- sensory—motor semantic networks are adja-
cently distributed and largely dissociated from each other.
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Therefore, to reveal the functional subdivisions within the
semantic system more comprehensively, we conducted sup-
plementary analyses to compare the sensory—motor semantic
network revealed by Lin et al. (2018) (as reflected by the
imageability effect) and the network supporting semantic
plausibility judgment revealed by the present study, in terms
of their distributions and functional connectivity properties.

Results
Behavioral results

The participants were asked to judge the plausibility of
phrases by pressing buttons in the fMRI scanner. The mean
RTs of the HSHP, HSLP, LSHP, and LSLP conditions were
1184 ms (SD =183 ms), 1359 ms (SD=231 ms), 1195 ms
(SD =206 ms), and 1307 ms (SD =209 ms), respectively.
The main effect of plausibility on RTs was statistically
significant (F [1, 19]=21.578, p <0.001, low plausibil-
ity > high plausibility), while the main effect of sociality
and the interaction effect between sociality and plausibil-
ity were not (sociality: F [1, 19]=3.062, p=0.096; inter-
action: F [1, 19]=3.753, p=0.068). Meanwhile, the mean
semantic plausibility ratings (plausible = 1, implausible =0)
of the HSHP, HSLP, LSHP, and LSLP conditions were 0.97
(SD=0.03), 0.05 (SD=0.04), 0.96 (SD=0.03), and 0.06
(SD=0.05), respectively. The main effect of plausibility
on the ratings was statistically significant (¥ [1,19]=7078,
p <0.001, high plausibility > low plausibility), and the main
effect of sociality and the interaction effect between sociality
and plausibility were not (sociality: F'[1,19] < 1; interaction:
F[1,19]=1.508, p=0.234).

FMRI results
Results of the whole brain analysis

The results of the whole brain analysis of the fMRI data are
shown in Table 2. The left ATL (and a small number of vox-
els of the left IFG) and the left MTG/AG showed the soci-
ality effect (high >low) and no region showed the reverse
pattern (Fig. 2a). The right supramarginal gyrus (SMG), left
inferior parietal lobe (IPL), MPFC, anterior cingulate gyri,
median cingulate and paracingulate gyri, and right superior
and middle frontal gyri showed the semantic plausibility
effect (high >low), while the left precentral gyrus, supple-
mentary motor area (SMA), and IFG showed the reverse
plausibility effect (high <low; Fig. 2b). No significant inter-
action effect between sociality and plausibility was detected.

We compared the distributions of the brain regions show-
ing sociality and plausibility effects. The sociality and plau-
sibility clusters we found did not overlap with each other
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Table 2 Results of the whole brain analysis (voxel-wise p <0.001, cluster-wise FWE p <0.05)

Contrast Anatomical region of the peak voxel Cluster size MNI coordinates of peak voxel Peak t value
(voxels) x,¥,2)
Main effect of sociality
HS>LS Left middle temporal gyrus 204 -57 -3 -18 9.110
Left angular gyrus 147 —42 -63 24 6.249
HS<LS None
Main effect of plausibility
HP>LP Right supramarginal gyrus 183 54 —45 42 6.675
Left inferior parietal lobe 193 —54 =51 39 6.217
Right median cingulate and paracingulate gyri 131 3 -30 42 6.005
Right medial superior frontal gyrus 420 9 51 6 5.634
Right dorsolateral superior frontal gyrus 67 15 54 30 5.124
Right middle frontal gyrus 69 36 21 51 4.624
Right middle frontal gyrus, orbital part 49 39 54 -3 4.197
HP<LP Left precentral gyrus 133 -36 -15 60 —5.625
Left supplementary motor area 83 -3 -6 57 -5.177
Left inferior frontal gyrus, triangular part 100 —-54 24 9 —-4.636
“Sociality X Plausibil- ~ None

ity” interaction

The anatomical regions of the peak voxels were identified using the automated anatomical labeling template (Tzourio-Mazoyer et al. 2002)

(Fig. 2c). The closest sociality and plausibility clusters are
located in the left MTG/AG (sociality) and dorsal IPL (plau-
sibility) respectively, whose peaks are 22.6 mm away from
each other. As the sociality effect observed in the present
study was much less extensive than that observed in the pre-
vious studies, we further investigated whether the plausibil-
ity effect we observed overlapped with the sociality effect
observed in a previous study (Lin et al. 2018). As shown in
Fig. 2d, the two sets of brain regions were basically disso-
ciated from each other, and only three very small overlaps
were found (11, 3, and 2 voxels, respectively). In addition,
the overlaps between the plausibility effect we observed in
the present study and the imageability effect observed by Lin
et al. (2018) are also very small (Fig. 2d).

The observed plausibility effect in this study largely
replicated the findings of previous studies that used the
same or similar tasks (Forgéacs et al. 2012; Graves et al.
2010; Price et al. 2015). However, using the plausibil-
ity judgment task to investigate the semantic plausibility
effect carries the risk of confounding the semantic plausi-
bility effect with the effect of the task goal. To address this
issue, we defined the plausibility clusters of the present
study as ROIs and conducted a supplemental ROI analysis
on the data from a previous study (Lin et al. 2016), whose
design can partially tease apart the effect of combinational
conceptual processing from the effect of goal-directed cog-
nition. The full details of this supplementary analysis are
given in the Supplementary Materials. To summarize the
main finding, among the seven ROIs, six of them showed

the predicted data pattern according to the meaningful-
ness of conceptual combinations, which is largely consist-
ent with the semantic plausibility effect observed in our
study. In the two ROIs where we observed the strongest
plausibility effects in our study, i.e., the clusters located in
the right SMG and the left IPL, the activation patterns of
Lin et al. (2016) can be explained by the meaningfulness
of conceptual combinations but not by the task goal, thus
supporting the hypothesis that these areas are involved in
combinational conceptual processing. In the other ROIs,
the activation patterns of Lin et al. (2016) cannot clearly
tease apart the effect of combinational conceptual pro-
cessing from the effect of goal-directed cognition; thus,
the plausibility effect observed in these areas should be
explained with greater caution.

Results of the ROl analysis

None of the sociality clusters of the present study or those
of Lin et al. (2018) showed a significant plausibility effect,
and none of the plausibility clusters of the present study
showed a significant sociality effect (see Table 3 for the
detailed statistical results). Among the six sociality clus-
ters of Lin et al. (2018), only three clusters (left ATL,
right ATL, and left MTG) showed a significant sociality
effect (high > low; see Table 3) in the present study, indi-
cating that the involvement of the other brain regions of
the social semantic network might be modulated not only

@ Springer
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Main Effect of Sociality

High > Low

3.46 t 9.11

.Sociality effect observed in the present study
.Plausihility effect observed in the present study

Fig.2 The sociality and plausibility effects obtained in the whole
brain analysis. a The main effect of sociality, b the main effect of
plausibility, ¢ the dissociation between the sociality and plausibility
effects observed in the present study, d the dissociation and over-
lap between the plausibility effect observed in the present study and

by the social semantic richness of stimuli but also by other
factors, such as task requirements.

Overlapping the sociality and plausibility clusters
with the large-scale intrinsic brain networks

To examine whether the dissociation between the soci-
ality and plausibility effects follows the divides of the
intrinsic large-scale brain networks, we examined the dis-
tributions of the sociality and plausibility clusters in the
seven intrinsic large-scale networks proposed by Yeo et al.
(2011), which were labeled as visual, somatomotor, dor-
sal attention, ventral attention, limbic, frontoparietal, and
default networks. For each cluster showing the sociality
or plausibility effect in the present study, the number of

@ Springer

WSociality effect observed in Lin et al. (2018)
.lmagcability effect observed in Lin et al. (2018) .Sociality & Plausibility effects
.P]ausibility effect observed in the present study .lmagcahility & Plausibility effects

Main Effect of Plausibility

High < Low

High > Low

-Sociali(y & Imageability effects

the sociality and imageability effects observed in Lin et al. (2018).
For the results of the whole brain analysis (a, b), the false-positive
rate was controlled at @ <0.05 using cluster-level FWE correction as
implemented in SPM8 (voxel-wise p <0.001)

its voxels overlapping the templates of the seven intrin-
sic brain networks was calculated (Table 4). The sociality
clusters mainly overlap with the default network, and their
overlaps with the other networks are small. The plausibil-
ity clusters mainly overlap with the default and frontopa-
rietal control networks, and their overlaps with the other
networks are small. All of the seven plausibility clusters
overlap the frontoparietal control network, and six of them
overlap the default network. Therefore, the result shows a
systematic difference between the distributions of soci-
ality and plausibility effects across the seven large-scale
brain networks. The sociality clusters are mainly localized
within the default network, while the plausibility clusters
overlap with both the default network and the frontopari-
etal control network (Figure S1).



1003

pringer

a's

(pojoa1100UN ‘MO] > YSTY)
100JJ9 AJRIOOS 9SIOAQI B PIMOYS UIAQ SNIAS [ejuoij Jorradns [erpawr Jy3LI oy} ur pajedo] [OY Ayiqisned v es1oA 991A 1o 3090 Aypiqisne[d juedoyruSis e pamoys S[OY AIN[BIO0S ) JO QUON

.=, S P3[2qe[ aIe 159 [eONSNIBIS Y} JO Judpuadapur Jou ST [OY Y} JO UONIUYp 2y} Yorym ur s[[ad oy} ‘wiejqoid Surddip sjqnop ay) proae o,

Brain Structure and Function (2020) 225:995-1008

¥26°0 6000 LOT°0 0L8'C G800 Y0g'€ LEEF 60— 16TF€0e— 6LTFETE- 0TEFIIT— SnIAS oye[n3uro Jorraisod 1y

0120 0891 9800 8LT€ 865°0 L8T0 6£TFS8T— 6V TF0ST— TLTFEOE- 10EFV6'T— snIA3 Texodwoy Torradns WySTY

7190 992°0 170 0290 800°0 976'8 LTTFLTO- 8I'CF610— 8G'TF8S0 00CF¥6'0 5qo] ezodwa) JoLIdIUE JYSTY

§29°0 850 SP1°0 LOET 1000 LY¥ST 0 EF00€— Y9TFIST— €SEFQYT— 9I'EF L]0~ snIAS [esodws) a[pprw 33|

199°0 661°0 ¥62°0 €91'1 #90°0 868'¢ SLTFOUT— TEFIV0— ISEFOI0— 0T €F920 sn143 [ejuory Jorradns 1Jor]

€16°0 z10°0 9L£0 0Z8°0 0000 991 1€ €TTFSTO ISTFH00 TIEF8IT 8¢ TF68'1 Qo] [e10dwd) JOLIdIUE o]
(8107) 'Te 30 ur'y Jo s1aIsnyd AIN[EI0g

- - - - €880 7200 ILYF8IT— 8LYFE0 S8 EFVTT— TESFSO 1red [e31q10 ‘sni3 [ejuoy s[pprw Y3y

- - - - LOT'0 098'C SIEF90€— 90'€FL60— €STFSE— I€EFI9T— snIkS [ejuory o[pprur Jy3ryY

- - - - €LT0 vLTT LY €FI10€— VEFIT- 8 EFI8E— YOEFHT 1 — SnIAS [eyuoyy totodns [ere)e[osIop 1Sy

- - - - €V0°0 089y Y9TFS8T— TLTFCS0- SEEFLLE— S9TFITI— snI4S [ejuory Jorradns [erpaw JYSTY

- - - - ¥80°0 seee ILTFLE- LTFIVT— YOEF ST — SEEF68T— 143 open3unered pue gem3urd uerpaw Jy3ry

- - - - €81°0 v16'1 SO EFELE— SIEFH91— TTTFEI Y- LOEFIOT— Qo] [eotred IoLIoyuT 1jo']

- - - - 68€°0 LLLO TEEFSTE- POEFS0— L9TF99°€— 9P EFSLO— sn143 reursrewrerdns 1y3ry
Apms Juasaxd oy Jo s19)sn[o ANyIqIsne[q

- - 60 ¥00°0 - - 167F86'1— T0EF86'T— LEFIT0 YIEFTTO snIA3 ren3ue 3507

- - 7890 IL1°0 - - YTTFETO 67CFTC0 96'CF8ET 80°CFII'C sn1A3 [erodwa) A[pprw o]
Apms Juasaxd oy Jo s19)sn[o A)RID0S

d A d A d d d181 dHST dT1SH dHSH
uon
-oexoqur  AI[Iqrs Aiqrs A

-ne[d X A[eroos,,  -ned Jo 109]j0 UTRJA]  -[BID0S JO JO3JJO UTBIAl (uoneIASD pIepue)s F uedw) vy 109

sisA[eue [OY 9y} Jo sjnsaI [eonsnels € ajqel



1004

Brain Structure and Function (2020) 225:995-1008

Table 4 The distributions of sociality and plausibility effects in the seven intrinsic large-scale brain networks (Yeo et al. 2011)

Contrast Anatomical The percentage of voxels in a cluster (the number of voxels) overlapping with the seven large-scale intrinsic
region of the brain networks
peak voxel - N . X ]
Visual Somatomotor Dorsal attention Ventral atten- Limbic Frontoparietal Default Outside
tion the seven
networks
The social- Left middle 0% (0) 0% (0) 7% (10) 0% (0) 0% (0) 0% (0) 68% (100) 25% (37)
ity effect temporal gyrus
(high>1ow) | eft angular 0% (0) 3% (6) 0% (0) 0% (0) 4% (9) 0% (0) 90% (183) 3% (6)
gyrus
Total 0% (0) 2% (6) 3% (10) 0% (0) 3% (9) 0% (0) 81% (283) 12% (43)
The plausibil- Right supramar- 0% (0) 0% (0) 6% (11) 13% (26) 0% (0) 28% (54) 47% 91) 6% (11)
ity effect ginal gyrus
(high>1low) 1 eft inferior 0% (0) 0% (0) 0% (0) 1% (1) 0% (0) 61% (112) 38% (69) 1% (1)
parietal lobe
Right median 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 98% (48) 0% (0) 2% (1)
cingulate and
paracingulate
gyri
Right medial 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 61% (42) 35% (24) 4% (3)
superior fron-
tal gyrus
Right dorsolat- 0% (0) 0% (0) 0% (0) 9% (6) 0% (0) 16% (11) 63% (42)  12% (8)
eral superior
frontal gyrus
Right middle 0% (0) 0% (0) 0% (0) 0% (0) 0% (0) 8% (32) 85% (357) 7% (31)
frontal gyrus
Right middle 0% (0) 6% (8) 1% (1) 27% (36) 0% (0) 28% (37) 30% (39) 8% (10)
frontal gyrus,
orbital part
Total 0% (0) 1% (8) 1% (12) 6% (69) 0% (0) 30% (336) 56% (622) 6% (65)

Results of the ROI-based RSFC analysis

To further investigate whether the dissociation between the
sociality and plausibility clusters of the present study can
be revealed by the RSFC data, we compared the average
RSFC within each type of clusters (sociality or plausibility)
with the average RSFC across the two types. We found that
the average RSFC within our sociality and plausibility clus-
ters were both significantly stronger than the average RSFC
across the two types of clusters (mean Fisher-transformed
correlation [SD]: within sociality clusters=0.81 [0.29];
within plausibility clusters =0.43 [0.14]; across sets =0.22
[0.14]; 1s [19]>5.70, p <0.001; see Fig. 3 for the average
ROI-to-ROI RSFC matrix across participants), indicating
that the dissociation between the two types of clusters is
associated with their intrinsic functional connectivities.
Since the comparison between the plausibility clusters
of the present study and the sociality and imageability clus-
ters of Lin et al. (2018) revealed dissociations between the
three semantic subnetworks (Fig. 2d), we conducted a fur-
ther ROI-based RSFC analysis to investigate whether such
dissociations can be revealed by the RSFC data. We found

@ Springer

that the average RSFC within the sociality clusters of Lin
et al. (2018) and within the plausibility clusters of the pre-
sent study were both significantly stronger than the average
RSFC across them (mean Fisher-transformed correlation
[SD]: within sociality clusters =0.80 [0.17]; within plau-
sibility clusters =0.43 [0.14]; across sets =0.29 [0.13]; s
[19]>4.44, p<0.001; see Figure S2 for the average ROI-to-
ROI RSFC matrix across participants). The average RSFC
within the imageability clusters of Lin et al. (2018) and that
within the plausibility clusters of the present study were both
significantly stronger than the average RSFC across them
(mean Fisher-transformed correlation [SD]: within social-
ity clusters =0.44 [0.12]; within plausibility clusters =0.43
[0.14]; across sets=0.30 [0.13]; zs [19] >5.78, p<0.001; see
Figure S3 for the average ROI-to-ROI RSFC matrix across
participants). Therefore, the dissociation between the plau-
sibility clusters and the other two types of clusters appears
to be associated with their intrinsic functional connectivi-
ties. Replicating the finding of Lin et al. (2018), the average
RSFC within the sociality clusters of Lin et al. (2018), but
not that within the imageability clusters of Lin et al. (2018),
was significantly stronger than the average RSFC across the
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-3 Right Median Cingulate and Paracingulate Gyri
4 Right Medial Superior Frontal Gyrus

5 Right Dorsolateral Superior Frontal Gyrus

6 Right Middle Frontal Gyrus

7 Right Middle Frontal Gyrus, Orbital Part

Plausibility
(The present study) ]

8 Right Supramarginal Gyrus

9 Left Inferior Parietal Lobe

{ 1 Left Middle Temporal Gyrus .

0.7 25
Fekk
61 I
@ |
52 =
43
1 £ 21
O 3
3 A4
D.25 2 34
D.16 1
o~
p.07 2
10.02 &
- B 8-
0.1 Within  Between  Within
. sociality networks Plausibility
—02 network network

Fig.3 The matrix of ROI-to-ROI RSFC in which the ROIs were the clusters showing sociality and plausibility effects in the whole brain analy-
sis. The matrix shows the average RSFC between each pair of ROIs across participants

sociality and imageability clusters (mean Fisher-transformed
correlation [SD]: within sociality clusters=0.80 [0.17];
within imageability clusters =0.44 [0.12]; across sets =0.45
[0.13]; within sociality network vs. between networks: ¢
[19]1=10.37, p<0.001; within imageability network vs.
between networks: 7 [19]=1.1, p=0.285; see Figure S4 for
the average ROI-to-ROI RSFC matrix across participants),
indicating that the dissociation between these two types of
clusters is partially associated with their intrinsic functional
connectivities.

Discussion

We investigated the neural correlates of the sociality and
plausibility effects in simple conceptual combination using
a phrase comprehension task. The social semantic richness
of the component words of the phrases modulated the acti-
vation of the left ATL and MTG/AG, with the high-social-
ity words evoking higher activation than the low-sociality
words. The semantic plausibility of the phrases modulated
the activation of several brain regions: the bilateral dorsal
IPL, MPFC, anterior cingulate gyri, median cingulate and
paracingulate gyri, and right superior and middle frontal
gyri showed higher activation to plausible phrases than
implausible ones, while the left precentral gyrus, SMA, and
IFG showed the reverse pattern. The effects of sociality and
semantic plausibility showed no overlap or interaction with
each other in the whole brain analysis. The sociality clus-
ter in the left MTG/AG and the plausibility cluster in the
left dorsal IPL are relatively close to each other, but still
with a distance of 22.6 mm between their foci. In a fur-
ther ROI analysis, no ROI defined by the sociality clusters
of the whole brain analysis showed a significant plausibil-
ity effect or vice versa, indicating that the clusters that are
sensitive to one of the two factors are relatively insensitive

to the other. These findings indicate that the brain network
supporting social semantic processing and that supporting
semantic plausibility judgment are largely dissociated from
each other.

We further compared the results of the present study with
those of Lin et al. (2018). We defined the sociality clusters
observed by Lin et al. (2018) as ROIs and found that none of
them showed a significant plausibility effect in the present
study. In addition, the sociality and imageability clusters
observed by Lin et al. (2018) are both largely dissociated
from the plausibility clusters of the present study. Therefore,
the combination of our present results and the findings of
Lin et al. (2018) reveals three adjacently distributed brain
networks within the semantic system, which are associated
with social semantic processing (as reflected by the social-
ity effect), sensory—motor semantic processing (as reflected
by the imageability effect), and semantic plausibility judg-
ment (as reflected by the plausibility effect), respectively.
The three networks are largely dissociated from each other,
with fine-grained subdivisions located in the bilateral tem-
poro-parieto-occipital junctions, MPFC, and PC/precuneus
(Fig. 2d).

We conducted two further analyses to examine whether
the dissociation between the brain networks in our task fMRI
experiment is associated with their intrinsic functional con-
nectivities. In the first analysis, we found a systematic differ-
ence between the sociality and plausibility clusters obtained
in the present study in terms of their distribution across the
seven intrinsic large-scale networks proposed by Yeo et al.
(2011): the sociality effect was mainly located within the
default network, while the plausibility effect overlaps with
both the default network and the frontoparietal control net-
work. In the second analysis, we found that the RSFC within
the sociality and plausibility clusters were both significantly
stronger than the RSFC across the two groups of clusters,
indicating that the dissociation between the two groups of
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clusters is associated with their intrinsic functional con-
nectivities. In addition, similar RSFC dissociation patterns
were also found between the plausibility clusters obtained in
the present study and the sociality and imageability clusters
obtained in Lin et al. (2018), indicating that the functional
dissociations between the neural correlates of the three
aspects of conceptual processing are related to their intrinsic
functional connectivities.

The cortical distributions of the three semantic subnet-
works identified in the present study and by Lin et al. (2018)
largely converge with the findings of a recent parcellation
study (Xu et al. 2016), in which the supramodal cortical
semantic network identified by Binder et al. (2009) was dis-
sociated into three subnetworks using a data-driven approach
based on RSFC data. In particular, both Xu et al. (2016)
and our task fMRI studies dissociated the temporo-parieto-
occipital junction into three subdivisions, respectively,
located in the anterior dorsal, anterior ventral, and posterior
parts. Therefore, the convergent findings from the present
study provide important insight about the cognitive func-
tions of the subnetworks obtained by Xu et al. (2016).

The sociality effect observed in the present study was
much less extensive than that observed in previous stud-
ies of social semantic processing (e.g., Lin et al. 2015; Lin
et al. 2018). The right MTG/AG, MPFC, and PC/precuneus,
which showed a strong sociality effect in previous stud-
ies, did not show such effect in this study. This finding is
interesting, but the underlying reason still requires further
investigation. Because the plausibility judgment task used in
the present study revealed much shorter RT (approximately
260-320 ms faster) than the relatedness judgment task used
in the previous studies (Lin et al. 2015, 2018), we infer that
the lack of social semantic activation in the right MTG/AG,
MPFC, and PC/precuneus may be related to relatively shal-
low semantic processing and low cognitive effort required
by the plausibility judgment task. Consistent with this view,
recent neuroimaging studies have showed that when pro-
cessing social conceptual information the activation of the
MPFC, PC, and TPJ is strongly modulated by the effort
required by the task (Meyer et al. 2012, 2015).

It should be noted that although studies on conceptual
processing often associate the effect of social semantic
richness with the function of social concept representation
(Huth et al. 2016; Tamir et al. 2016), the brain regions show-
ing the sociality effect have also been associated with two
other related functions. The first function is called theory
of mind (ToM), which refers to the ability to understand
the mental states of others (Gallagher et al. 2000; Saxe and
Kanwisher 2003; Schurz et al. 2014). Lin et al. (2018) found
that the brain areas showing the sociality effect in a seman-
tic comprehension task largely overlap with those involved
in a ToM task. This overlap can be easily explained with
social concept representation because ToM studies typically

@ Springer

use high-sociality stimuli (e.g., stories about peoples’ false-
beliefs) as the target stimuli and low-sociality stimuli (e.g.,
stories about outdated pictures) as the control stimuli. How-
ever, Saxe and Wexler (2005) found that in one of these
regions, i.e., the right TPJ, brain activation is sensitive not
only to the social semantic richness of information but also
to the congruence of it. Therefore, the function of the right
TPJ should be related to integrating social- and/or mental-
state-related information and making inferences with it,
which is presumably a core function of ToM. The second
function is the processing of relationality of concepts (Wil-
liams et al. 2017; Zhang and Pylkkédnen 2018). The rela-
tionality of a concept refers to the capacity of the concept
to encode a relationship between entities. Representative
examples with high relationality include verbs with com-
plex argument structures (e.g., teach) and nouns denoting
kinship (e.g., mother). The sociality and relationality of con-
cepts are two related measures because a lot of relationships
implied by word meanings are social relationships. It has
been found that the left AG is involved in the processing of
high-relationality words (Thompson et al. 2007, 2010; Wil-
liams et al. 2017; Zhang and Pylkkénen 2018). However,
it remains unclear whether the sociality and relationality
effects in the left AG overlap with each other or whether one
effect can explain the other. Further research is warranted
to tease apart the activation of social concept representation
from the functions of ToM and relationality.

The present study employed the contrast between seman-
tically plausible and implausible phrases to explore the neu-
ral correlates of semantic plausibility judgment. Since the
plausible conditions were easier than the implausible ones,
one may suspect that the observed plausibility effect (plau-
sible > implausible) is confounded by the effect of difficulty
(easy > hard). Two recent studies found that the left AG is
activated more by easy tasks than hard ones (Humphreys and
Ralph 2017; Mattheiss et al. 2018). However, according to
the reported peak coordinates, this difficulty-sensitive AG
region is about 20 mm posterior and 10 mm inferior to the
IPL region that showed the plausibility effect in the present
study. More importantly, in our data analysis, the difficulty
effect was largely eliminated by setting RT as a nuisance
covariate. Therefore, the observed plausibility effect in the
IPL is unlikely to reflect task difficulty.

It should be noted that although semantic plausibility is
an important factor for the processing of conceptual combi-
nations, its effect may not fully reveal the neural correlates
of combinatorial conceptual processing. In addition, the
relatively low temporal resolution of fMRI may restrict its
ability to reveal the neural correlates of dynamic cognitive
processes such as conceptual combination. For example, the
present study did not find the semantic plausibility effect in
the left ATL. However, some studies investigated the combi-
natorial processing of word meanings using other contrasts
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(e.g., adjective-noun phrases versus isolated words) and
techniques (e.g. MEG), and found the involvement of the left
ATL (Bemis and Pylkkénen 2011, 2013; Blanco-Elorrieta
et al. 2018; Boylan et al. 2017; Forgacs et al. 2012; Pylk-
kénen et al. 2014; Zhang and Pylkkdnen 2015). There is also
evidence that the left ATL is involved in the composition of
sentence meaning (Pallier et al. 2011; Vandenberghe et al.
2002) and the same area is sensitive to social-emotional
semantics (Mellem et al. 2016). Therefore, future studies
are warranted to use other types of contrasts and techniques
to further explore the overlap and dissociation between the
neural correlates of social semantic processing and those of
combinatorial conceptual processing.

In conclusion, we found that the brain regions sensitive to
the social semantic richness of words and those sensitive to
the semantic plausibility of phrases are largely dissociated
from each other. The results of the present study, together
with those of our recent study (Lin et al. 2018), indicate
the existence of three adjacently distributed brain networks
within the supramodal cortical semantic network, which are
associated with social semantic processing, sensory—motor
semantic processing, and semantic plausibility judgment,
respectively. The dissociation between the three networks
was also revealed by the RSFC data, indicating that the func-
tional dissociation between the brain networks is associated
with their underlying intrinsic connectivity structures.
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