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Language and social cognition are traditionally studied as separate cognitive
domains, yet accumulative studies reveal overlapping neural correlates at

the left ventral temporoparietal junction (vTPJ) and the left lateral anterior
temporal lobe (IATL), which have been attributed to sentence processing
and social concept activation. We propose acommon cognitive component
underlying both effects: social-semantic working memory. We confirmed
two key predictions of our hypothesis using functional MRI. First, the left
vTPJ and IATL showed sensitivity to sentences only when the sentences
conveyed social meaning; second, these regions showed persistent
social-semantic-selective activity after the linguistic stimuli disappeared.
We additionally found that both regions were sensitive to the socialness

of non-linguistic stimuli and were more tightly connected with the
social-semantic-processing areas than with the sentence-processing areas.
The converging evidence indicates the social-semantic working-memory
function of the left vTPJ and IATL and challenges the general-semantic and/
or syntactic accounts for the neural activity of these regions.

Language and social cognition are two fundamental abilities of the
humanspecies. They are deeply interrelated with each other in cogni-
tive development'?, daily communication®and evolution®*. At the brain
level, overlaps of regions underlying language and social cognition
have been found in the left ventral temporoparietal junction (vTPJ;
consisting of the ventral portion of the angular gyrus and its adjacent
temporal cortex) and the left lateral anterior temporal lobe (IATL)>”".
Understanding the function of these regions willindicate how language
and social cognition are associated with each other in the brain.

In the field of social neuroscience, the left vTPJ and IATL have
been found to be involved in multiple social cognitive tasks®*’. Recent
studies have indicated that these regions may support a very basic
component of social cognition—that s, social concept representation
and processing'°*. These regions are sensitive to awide range of social
concepts (concepts associated with people and their interactions),
including traits (for example, brave®), mental states (for example,

distrust'®), stereotypes (for example, women”), social backgrounds (for
example, havingagood salary'™®), social actions (for example, chase' )
and social artefacts (for example, telephone?).

Inthe field of language neuroscience, the left vTP) and IATL have
both been found to be critical for sentence processing. Lesions in
these regions can damage sentence comprehension®. Neuroimaging
studies have found that, in both regions, sentences induce stronger
activation than word lists or other unintelligible linguistic stimuli** .
These tworegions, along with the inferior frontal gyrus (IFG) and pos-
terior superior temporal sulcus (pSTS), were therefore identified as the
“classic high-level language-processing regions”* and together form
the sentence-processing network*?%°,

The traditional explanations for the roles of the left vTPJ and
IATL in sentence processing are all based on the encoding and inte-
gration of general semantics and/or syntactic information”*°"*, For
example, Price* reviewed 100 functional MRI (fMRI) studies of speech
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comprehension and production and proposed that in sentence com-
prehension, theleft IATL and angular gyrus (overlapping with the vTPJ)
supportamodal semantic combination and task-dependent semantic
retrieval, respectively. Inan influential fMRIstudy, Pallier et al.” found
that, in contrast to the left IFG and pSTS, which responded even to
abstract syntactic structures containing no content words, the left
VvTPJ and IATL responded only to meaningful sentences. They there-
fore proposed that the left vTPJ and IATL may bind syntactic roles to
lexico-semantic representations to form high-level representations of
semantic constituent structure.

If the language functions of the left vTPJ and IATL are primarily
associated with general semantic and/or syntactic processing, it is dif-
ficult to understand why these areas are especially sensitive to social
semantics. Mellem etal.’,inaddition to replicating the sentence effect
discovered by Pallier et al.”, found that the left IATL is more sensitive
to social-emotional semantics than to object semantics. Bzdok et al.®
identified through meta-analysis that the left vTPJ hasbeen associated
with both social-cognitive functions and semantic/syntactic process-
ing. These findings provide direct evidence for the neural correlates
common to social cognition and sentence processing in the left vTPJ
and IATL.

Here, we propose a hypothesis that integrates the sentence and
social-semantic sensitivity of the left vTPJ and IATL into one cognitive
function—that is, social-semantic working memory. Our hypoth-
esis is motivated by two views in the literature. First, multiple brain
regions ranging from sensory to association cortex can represent
particular contents of working memory*7¢, According to this view,
the short-term retention of semantic information can be supported
by the temporary activation of long-term memories”. Therefore, the
left vTP) and IATL (which are assumed to support social concept rep-
resentation) can supportsocial-semantic working memory. Second,
sentences have more stable and durable semantic representation
than fragmented linguistic stimuli, such as word lists. It has been
found that when a series of words are presented very rapidly, recall
is poor for word lists but near perfect for sentences*®*. On the basis
of this and related findings, Potter***° proposed that word meaning
is activated rapidly, but the initial activation is highly unstable and
will be forgotten within a few hundred milliseconds unless incorpo-
rated into a structure. The sensitivity of brain regions to sentences
may thereforereflect either the semantic/syntacticintegrationitself
or the semantic working memory consolidated by the semantic/
syntactic integration. Given that most stimuli used in the previous
studies of sentence processing are about people, the activation of
the left vTPJ and IATL in these studies may reflect social-semantic
working memory.

Inthis Article, we examined the social-semantic working-memory
hypothesis using six fMRI experiments. First, we examined whether
the sensitivity of the left vTPJ and IATL to sentences is selectively
associated with social-semantic comprehension (Experiments 1and
2). The social-semantic working-memory hypothesis predicts that
the sensitivity of these regions to sentences can be found only if the
sentences convey social meaning; the traditional general-semantic
and/or syntactic accounts, however, predict that the sensitivity to
sentences should be found even when the sentence conveys no social
meaning. Second, we examined a key prediction of the social-semantic
working-memory hypothesis—namely, that the left vTPJ and IATL
would show persistent social-semantic-selective activity even after
the stimuli disappeared (demonstrating the key signature property
of working memory; Experiments 3 and 4). Finally, we supplemented
the above key examinations with two additional experiments, aiming
toinvestigate whether the left vTP) and IATL were involved in the pro-
cessing of non-linguistic, high-socialness stimuli (Experiment 5) and
whether the left vTPJ and IATL had stronger intrinsic connectivity to
the social-semantic-processing areas or to the sentence-processing
areas (Experiment 6).

Results

Social meaning drives sentence effects in the left vTPJ and IATL
The aim of Experiments 1and 2 was to examine whether the sensitiv-
ity of the left vTPJ and IATL to sentences is selectively associated with
social-semantic comprehension. In both experiments, the partici-
pants were asked to read sentences and word lists during fMRI scan-
ning. Following previous neuroimaging studies*"***, we measured
the sensitivity to sentences by subtracting the neural responses to
word lists from those to sentences. For both sentence and word-list
stimuli, we manipulated their socialness, leading to four conditions:
the high-socialness-sentence (HSS), high-socialness-word-list (HSWL),
non-social-sentence (NSS) and non-social-word-list (NSWL) conditions.
Inboth experiments, the stimuli of the HSWL and NSWL conditions were
constructed by pseudorandomly combining the constituent words of
the HSS and NSS conditions, respectively (Methods).

Experiments1and 2 were mainly different in the lengths and struc-
tures of the sentences. In Experiment 1, we used short sentences with
the noun-verb-noun structure, which has two advantages. First, we
can easily control syntactic complexity by consistently using the noun-
verb-noun structure in both sentence conditions. Second, we can
manipulate the socialness of the stimuli word by word to maximize the
social-semantic effect because there are only content words. Therefore,
inExperiment1, for the HSS condition, all constituent words of the sen-
tences have high socialness (for example, ‘& {35075 5, meaning ‘(the)
gangsters robbed (the) shops’); by contrast, for the NSS condition, all
constituent words of the sentences refer to natural and non-human
entities and events (for example, Ji/K 4% 555", meaning ‘(the) flood
inundated (the) grassland’). See Fig. 1a,b for sample stimuli and trials.

Despite the advantages of using short sentences, natural sentences
often consist of both content and function words and are often longer
than three words. We therefore conducted Experiment 2 to examine
whether the findings of Experiment 1 could be generalized to sen-
tences with more natural structures and lengths. In Experiment 2, the
sentences were approximately eight words long for both conditions.
The sentences of the HSS condition were all related to interpersonal
interactions or relationships (for example, ‘Bf T (T2 71 5 & FATHE 2
f&F7’, meaning ‘The head teacher should be responsible for manag-
ing the class order’), and the sentences of the NSS condition were all
about natural and non-human entities and events (for example, “K-Hf
BiUK (X B AR5 2E, meaning ‘Long-term water shortage has
caused the shrubs here to gradually wither’). See Fig. 2a,b for sample
stimuli and trials.

The whole-brain analysis in Experiment 1 showed both social-
semantic and sentence effects in the left vTPJ and IATL (Supplemen-
tary Fig. 1and Supplementary Table 1), replicating findings in the lit-
erature’®”**2 Importantly, the left TP) and IATL showed significant
interactions between social-semantic and sentence effects (Fig. 1cand
Supplementary Table 1). We then examined the sentence effect using
the high-socialness and non-social stimuli separately. The comparison
between the HSS and HSWL conditions revealed significant sentence
effectsintheleft vTPJ, the left IATL and other canonical regions of the
sentence-processing network; however, the comparison between
the NSS and NSWL conditions did not reveal any significant sentence
effectin either the left vTPJ or the left IATL. The whole-brain results of
Experiment2replicated the main findings of Experiment 1, except that
thesignificantinteraction effect was found only in the left vTP) (Fig. 2c
and Supplementary Table 2).

We further examined theresults for the target brainregions (that
is, the left vTPJ and IATL) using region-of-interest (ROI) analysis. To
reveal the robustness of the results, we used two different ways to
define the target ROIs. The first way was to define the ROIs on the
basis of a meta-analysis of the previous neuroimaging studies that
compared sentences with word lists”; the second way was to define
the ROIs on the basis of the individual result of the sentence effect
(‘HSS + NSS’ > ‘HSWL + NSWL’) on half of the data within predefined
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@ Sample materials for Experiment 1:

Conditions Sample materials in one trial
4o 2 LA T A B 5 3
(Accountant/Forge/Account books/Master/Teach/Disciple)
- BRI 50/ B2 2R R B B
(Star/Make up/Galaxy/Temperature/Reach/Boiling point)
NSWL PRSI BRIRASE 5 K 2 2

(Willow/Boiling point/Earth/Branches/Clear water/Clouds)

b a sample trial from Experiment 1:

Bl 8 [E3 A 0 21 EN I8 KN

500 ms per word

€ Whole-brain results of Experiment 1:

Sentence effects in high-socialness
conditions: HSS - HSWL

Sentence effects in non-social
conditions: NSS - NSWL

Recognition
1,350 ms

Interactions:
(HSS - HSWL) - (NSS - NSWL)

3.35 t 9.48

d ROl results of Experiment 1:

BF,, = 49.099 BF,, = 218.169
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Literature-based ROI: left vTPJ Literature-based ROI: left IATL

Fig.1|Social meaning drives sentence effects in the left vTPJ and IATL
(Experiment1). a, Sample materials for each critical experimental condition. For
each trial, the stimuli were six words of either high or no socialness. The words
formed two short sentences or an unconnected word list. The slashes indicate
the word boundaries. Note that although the two sample word lists provided in
the figure are both nounlists, one third of the word-list stimuli were verb lists.

b, Thetrial structure of the task. In each trial, the participants saw the stimuli
word by word and then performed a word recognition task. The experiment used
ablock design, with each block consisting of four trials of the same condition.

¢, The whole-brain results (for the full results, see Supplementary Table1). An
interaction between social-semantic and sentence effects was found in the left
VvTPJand IATL. The left vTP) and IATL showed stronger activation to sentences
than to word lists in the high-socialness conditions (HSS versus HSWL) but not
inthe non-social conditions (NSS versus NSWL). d, The ROl results (sample size,

-2 T T T T T T T T

HSS HSWL NSS NSWL HSS HSWL NSS NSWL

/=N T
G2» 2203

Individual ROI: left vTPJ Individual ROI: left IATL

n=20; for the results of classical parametric tests, see Supplementary Tables 3
and 4). The two plots on the left show the results in the target ROIs defined on
the basis of a meta-analysis for the contrast between sentences and word lists?.
The two plots on the right show the results in the target ROIs defined on the basis
ofthe contrast between sentences and word lists on half of the individual data.
The bars show the mean residuals of the S values with the IES being regressed
out, the error bars show the standard errors, and each point shows the data of
aparticipant. The BF,, values represent the ratios of the likelihood of the data
under the alternative hypothesis compared to the null hypothesis. The brain
maps below the bar graphs show the locations of the literature-based ROIs and
the group-constrained masks for individual ROIs. All target ROIs show a strong
sentence effect in high-socialness conditions, no sentence effect in non-social
conditions, and aninteraction between social-semantic and sentence effects.

group-level masks of the left vTPJ and IATL (for details, see the Meth-
ods). Because recent studies have found that the left vTPJ and IATL
showed deactivation to the general task effort in ROl analysis'**, we
regressed out the task-effort effect as reflected by the average inverse

efficiency score (IES, which is defined as the mean reaction time
divided by accuracy*') of each condition and participant (Methods).
The ROl analyses found consistent patterns in the two experiments
(Figs. 1d and 2d and Supplementary Tables 3-6). In all target ROIs,
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@ Sample materials for Experiment 2:

Conditions Sample materials in one trial
HSS PE AT/ B/ 17 545 P LSRR T
(Head teacher/Should/Be respon5|ble for/Manage/Well/Class/Order)
- VRNER G A e e
(Volcanoes/Mainly/Form/At/Plate/Junction)
NSWL %‘Z{A/}\J\/F%hm/éf j\‘:l,/ ﬁ(J/%/F% /k

(Rock/From/Cool down/Pass/Of/Will/Precipitation)

b a sample trial from Experiment 2:

2 T T N

4sin total

€ Whole-brain results of Experiment 2:

Sentence effects in high-socialness
conditions: HSS - HSWL

-

Sentence effects in non-social
conditions: NSS - NSWL

Recognition

1,350 ms 350 ms

Interactions:
(HSS - HSWL) - (NSS - NSWL)
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Fig.2|Replicating the findings of Experiment 1using longer and more
natural sentential stimuli (Experiment 2). a, The sample materials for each
experimental condition. For each trial, the stimuli were a series of words that
formed either asentence or aword list of either high or no socialness. The slashes
indicate the word boundaries. b, The trial structure of the task. The task was

the same as that used in Experiment 1. ¢, The whole-brain results (for the full
results, see Supplementary Table 2). An interaction between social-semantic

and sentence effects was found in the left vTPJ. As in Experiment 1, the left vTPJ
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Individual ROI: left vTPJ Individual ROI: left IATL

and IATL showed stronger activation to sentences than to word lists in the high-
socialness conditions (HSS versus HSWL) but not in the non-social conditions
(NSS versus NSWL). d, The ROl results (sample size, n = 20; for the results of
classical parametric tests, see Supplementary Tables 5 and 6). The layouts are
identical to those of Fig. 1d. The results replicate the findings in Fig. 1d: all target
ROIs show a strong sentence effect in high-socialness conditions, no sentence
effect in non-social conditions, and aninteraction between social-semantic and
sentence effects.

both Bayesian and classical parametric tests found an interaction
between social-semantic and sentence effects (for the literature-based
left vTPJ in Experiment 1: ¢,, = 4.031, d (Cohen’s d, which represents
the difference in means between conditions that is standardized by
the pooled standard deviation) = 0.904; 95% confidence interval (CI),
(0.50,1.58); P<.001; for the literature-based left IATL in Experiment
1: t,,=4.776; d =1.071; 95% Cl, (0.60, 1.52); P < .001; for the individual
ROIs of the left vTP) in Experiment 1: t,, = 2.698; d = 0.605; 95% Cl,
(0.16,1.28); P=0.014; for the individual ROls of the left IATL in Experi-

ment 1: ¢, =3.666; d = 0.815; 95% Cl, (0.23, 0.83); P=0.002; for the

literature-based left vTPJ) in Experiment 2: t,, =2.422; d = 0.54; 95% ClI,
(0.12,1.62); P=0.026; for the literature-based left IATL in Experiment
2:t,,=2.748; d = 0.607; 95% Cl, (0.12, 0.96); P=0.013; for the individ-
ual ROIs of the left vTPJ in Experiment 2: t,, = 4.498; d =1.011; 95% Cl,
(0.50,1.38); P<.001; for the individual ROIs of the left IATL in Experi-
ment2:t,,=2.306;d=0.522;95%Cl, (0.04,0.66); P=0.033),and simple
effect analysis showed sentence effects in the contrast between the
HSS and HSWL conditions (HSS > HSWL; for the literature-based left
vTPJin Experiment1:¢,, =4.349;d = 0.978;95%Cl, (0.69,1.95); P<.001;
for the literature-based left IATL in Experiment 1: t,, =4.134; d=0.92;
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95% Cl, (0.45,1.39); P<.001; for the individual ROIs of the left vTPJ in
Experiment 1: t,, = 3.608; d = 0.808; 95% Cl, (0.42,1.60); P=0.002;
for the individual ROIs of the left IATL in Experiment 1: t,, = 4.372;
d=0.982;95% Cl, (0.29, 0.83); P<.001; for the literature-based left
VvTPJinExperiment2:¢,,=3.919;d = 0.878;95%Cl, (0.50,1.66); P= 0.001;
for the literature-based left IATL in Experiment 2: t,, = 5.617; d =1.255;
95% Cl, (0.37, 0.81); P <.001; for the individual ROIs of the left vTPJ in
Experiment 2: t,, = 5.385; d=1.192; 95% Cl, (0.53,1.21); P<.001; for the
individual ROIs of the left IATL in Experiment 2: ¢,, = 4.554; d =1.023;
95% Cl, (0.24, 0.64); P<.001) but not in the contrast between the NSS
and NSWL conditions (for the literature-based left vTPJ in Experi-
ment 1: t,, =1.155; d = 0.259; 95% CI, (-0.23, 0.79); P=0.263; for the
literature-based left IATL in Experiment1: ¢, = 1.291; d = 0.287;95% ClI,
(-0.18,0.76); P=0.212; for theindividual ROls of the left vTPJ in Experi-
ment 1: t;,,=-0.678; d = 0.148; 95% Cl, (-0.54, 0.28); P=0.506; for the
individual ROIs of the left IATL in Experiment 1: ¢,, = 0.201; d = 0.051;
95% ClI, (-0.25, 0.31); P=0.843; for the literature-based left vTPJ in
Experiment 2: t,, =1.096; d = 0.25; 95% Cl, (-0.18, 0.60); P= 0.287; for
the literature-based left IATL in Experiment 2: ¢, = 0.262; d = 0.056;
95%Cl, (-0.29,0.37); P= 0.796; for the individual ROIs of the left vTPJ in
Experiment2:t,,=-0.305;d = 0.067;95%Cl, (-0.48,0.36); P= 0.764; for
theindividual ROIs of the left IATLin Experiment 2: ¢,, = 0.823; d = 0.18;
95% Cl, (-0.14, 0.32); P=0.421). Across all tests comparing the NSS
and NSWL conditions, the Bayesian factors were consistently lower
than1/3 or 1/2, indicating evidence in favour of the null hypothesis.
Notably, intwo of these tests, the S values for the NSS condition were
evenslightly lower than those for the NSWL condition. These findings
suggest that the left vTPJ and IATL demonstrate negligible or no sen-
sitivity to non-social sentences.

We further examined the social-semantic and sentence effects
in three other regions. The first two regions were the dorsal medial
prefrontal cortex (dmPFC) and right vTPJ. Some studies have found
social-semantic and sentence effects in these regions***, but they are
notviewed as classic regions of the sentence-processing network?>%*,
We therefore defined them as two supplementary ROIs. These ROIs
showed very similar patterns of results to the left vTPJ and IATL (Sup-
plementaryFig.2and Supplementary Tables 7 and 8; for the interaction
ofthe dmPFCin Experiment1:¢,,=2.61;d = 0.588;95% Cl, (0.10, 0.84);
P=0.017; for the ‘HSS > HSWL’ contrast of the dmPFCin Experiment1:
tio=3.366;d=0.754;95%Cl, (0.17,0.75); P= 0.003; for the ‘NSS > NSWL’
contrast of the dmPFC in Experiment 1: t,, = -0.095; d = 0.018; 95% ClI,
(-0.27,0.25); P=0.925; for the interaction of the right vTPJ in Experi-
ment 1: t,, =2.406; d = 0.541; 95% ClI, (0.06, 0.86); P=0.026; for the
‘HSS > HSWL'’ contrast of the right vTPJ in Experiment 1: t,, = 3.586;
d=0.797;95% Cl, (0.23, 0.87); P=0.001; for the ‘NSS > NSWL’ con-
trast of the right vTP) in Experiment 1: t,, = 0.652; d = 0.138; 95% Cl,
(-0.21,0.39); P=0.522; for theinteraction of the dmPFC in Experiment
2:t,,=2.819;d=0.631;95%Cl, (0.18,1.22); P= 0.011; for the ‘HSS > HSWL’'
contrast of the dmPFC in Experiment 2: t,, = 3.982; d = 0.892; 95% Cl,
(0.35,1.13); P=0.001; for the ‘NSS > NSWL’ contrast of the dmPFC in
Experiment 2:t,,=0.275; d = 0.059;95% Cl, (-0.28,0.36); P=0.786; for
theinteraction of the right vTPJin Experiment 2: t,, =2.001; d = 0.442;
95% Cl, (-0.02, 0.70); P=0.06; for the ‘HSS > HSWL’ contrast of the
right vTPJ in Experiment 2: t,, =2.193; d = 0.49; 95% Cl, (0.01, 0.47);
P=0.041; for the ‘NSS > NSWL' contrast of the right vTPJ in Experiment
2:t,,=—-0.812;d =0.175;95%Cl, (-0.37,0.17); P= 0.427), indicating that
their sensitivity to sentences is also associated with social-semantic
comprehension. The third region was the left dorsal IFG. The sen-
tence effect in this region has been found to be driven by syntactic
processing”*®*" and thus should not be influenced by the socialness
of sentence meaning. We therefore defined this region as a control
ROIL. As expected, in this ROI, both Bayesian and classical parametric
tests revealed a strong sentence effect (for Experiment 1: ¢,, = 4.583;
d=1.025;95%Cl, (0.86,2.30); P=< 0.001; for Experiment 2: t,, = 3.238;
d=0.724;95% Cl, (0.18, 0.84); P=0.004) but no effect of socialness

(for Experiment1: ¢, = 0.397;d = 0.089; 95%Cl, (-0.64,0.93); P= 0.696;
for Experiment 2: t,,=-0.347; d =-0.078; 95% ClI, (-0.46, 0.33);
P=0.732) or interaction (for Experiment 1: t,, = 0.578; d = 0.129; 95%
Cl, (-0.28, 0.49); P=0.57; for Experiment 2: t,, = 0.188; d = 0.042; 95%
Cl, (-0.50, 0.60); P=0.853; Supplementary Fig. 3). This is in sharp
contrast to theresults found for the left vTP) and IATL, whichindicates
that not all areas of the sentence-processing network are sensitive to
social semantics.

Inaddition to the sentence and word-list conditions, Experiment
lincluded two supplementary baseline conditions consisting of
high-socialness and non-social character lists (HSCL and NSCL con-
ditions). (Most Chinese characters have unique meanings, and the
meaning of a Chinese word is often related to those of its constitu-
ent characters. The constituent characters of high-socialness words,
which form the stimuli for the corresponding character-list condi-
tions, generally have high socialness in their meanings. We therefore
refer to the two character-list conditions as the high-socialness and
non-social character-list conditions.) The results using these supple-
mentary baseline conditions are similar to those using the word-list
baselines (for the interaction of theliterature-based left vTP): t,, = 3.337;
d=0.748;95%Cl, (0.41,1.79); P= 0.003; for the ‘HSS > HSCL' contrast of
theliterature-based left vTP): t,, =3.344; d = 0.747;95%Cl, (0.47,2.07);
P=0.003; for the ‘NSS > NSCL’ contrast of the literature-based left vTPJ:
t;,=0.56;d=0.128;95%Cl, (-0.48,0.84); P= 0.582; for the interaction of
theliterature-based left IATL: t,, = 4.208; d = 0.936;95% Cl, (0.52,1.54);
P<.001; for the ‘HSS > HSCL' contrast of the literature-based left IATL:
t,,=3.667;d=0.819;95%Cl, (0.37,1.35); P= 0.002; for the ‘NSS > NSCL’
contrast of the literature-based left IATL: ¢,, = —0.933; d = 0.205; 95% CI,
(-0.56,0.22); P=0.362; for the interaction of theindividual ROIs of the
left vTP): t,,=2.669; d = 0.595; 95% Cl, (0.20, 1.68); P= 0.015; for the
‘HSS > HSCL' contrast of the individual ROIs of the left vTPJ: t;, =3.26;
d=0.724;95% Cl, (0.33,1.51); P=0.004; for the ‘NSS > NSCL’ contrast
of the individual ROIs of the left vTPJ: ¢,, = —0.059; d = 0.016; 95% CI,
(-0.61, 0.57); P=0.954; for the interaction of the individual ROIs of
the left IATL: ¢,y =3.7; d = 0.823; 95% Cl, (0.28,1.02); P= 0.002; for the
‘HSS > HSCL contrast of theindividual ROlIs of the left IATL: ¢, = 4.011;
d=0.887;95%Cl, (0.22,0.72); P= 0.001; for the ‘NSS > NSCL’ contrast of
theindividual ROIs of the left IATL: ¢,, = -1.488; d = 0.327;95% CI, (-0.44,
0.08); P=0.153; Supplementary Fig. 4 and Supplementary Tables 9-11).

Taken together, in both Experiments 1and 2, we found that the
left vTPJ and IATL showed sensitivity to sentences only when the sen-
tences conveyed social meaning, whichis robust to different sentence
lengths and structures. This finding is consistent with the prediction
of the social-semantic working-memory hypothesis but not thatof the
general-semantic and/or syntactic accounts for the neural activity of
theleft vTP) and IATL.

Persistent social-semantic activationin the left vTPJ and IATL
Working memory is characterized by persistent neural activity dur-
ing the maintenance of information®***. Experiments 3 and 4 there-
fore examined whether the left vTP) and IATL showed persistent
social-semantic-selective neural activity after the linguistic stimuli
conveying the social meanings disappeared.

Persistent social-semantic activity during the delay period. In
Experiment 3, we examined whether the left vTPJ and IATL showed
persistent social-semantic-selective neural activity as reflected by
the amplitude of the blood-oxygenation-level-dependent (BOLD)
signals. Note that persistent neural activity is not always associated
with the amplitude of BOLD signals; rather, in many cases, it reflects
as multiple-voxel activation patterns*’. However, the social-semantic
working-memory hypothesis assumesthatintheleft viPJand IATL, the
increased BOLD signals in high-socialness-sentence comprehension
reflect social-semantic working memory. According to this assump-
tion, similar effects should also be found during the maintenance of
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@ Sample materials for Experiment 3:

Conditions Sample materials in one trial
L SRR AR/ 5848 50 08 7 e 3B R L
(The family members accused the prisoner/The police searched the tavern/People praised the village head/The members deliberated on decisions)
— S REARLC BTG K K o o L R AL
(Bacteria consume oxygen/Sunshine melted ice and snow/The flood hit the cliff/The plants became fossils)
- B Rl U e

(Soil covered the ore/Cells absorb water)

b A sample trial from Experiment 3:

KIE 7k LA
R A W

HIE R AR
PR PRI

Encoding stage

7s

Jitter

0.5-25s

€ Whole-brain results of Experiment 3:
Social-semantic effects: (HSHML + HSLML) - (NSHML + NSLML)

Encoding stage

Maintenance stage
6s

Maintenance stage

Jitter
0.5-25s

Response stage

3s

Inter-trial interval

1.5-45s

Cognitive demanding effects: (HSHML + NSHML) - (HSLML + NSLML)

Encoding stage

Maintenance stage

-6.45 t 10.09

d ROl results of Experiment 3:

Social-semantic effects:

Cognitive demanding effects:

Interactions:

Left vTPJ

° «Q 0 4 * 4!’7\

-2.5 1

2.5

Encoding stage
BF,, =180.805
BF,, =2.710
BF,, =17.606

HSHML
HSLML
NSHML
NSLML

3.47 t 8.16

Maintenance stage

BF,, = 92.192
BF,, = 0.312
BF,, = 0.453

HSHML

HSLML
NSHML
NSLML

Fig. 3| Persistent social-semantic-selective neural activity during the

delay period (Experiment 3). a, The sample materials for each experimental
condition. For each trial, the stimuli were two or four short sentences consisting
of words of either high or no socialness. The slashes indicate the sentence
boundaries. b, The trial structure of the task. In each trial, the participants were
asked to read and maintain the words. After a delay period, they performed a
word recognition task. ¢, The whole-brain results (for more information on the
results, see Supplementary Tables 12 and 13). The left vTPJ and IATL showed
social-semantic activation in both the encoding and maintenance stages, which
is consistent with the key prediction of the social-semantic working-memory
hypothesis. Encoding more sentences invoked stronger activationin the core
fronto-parietal working-memory network and visual cortex; maintaining more
sentences invoked stronger activation in a few areas in the left lateral frontal and

-7.09 t 16

Social-semantic effects:

Cognitive demanding effects:

Interactions:

Left ATL

.28

2

HSHML

HSLML

Encoding stage
BF,,=1,945.234
BF,, = 0.243
BF, = 11.705

NSHML

NSLML

-8.32 t 541

Maintenance stage
BF,, = 49.372
BF,, = 0.307
BF,, = 0.491

- » iF

—
- - - -
s = = s
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I T z =4

parietal cortex. Aninteraction between social-semantic and demanding effects
was found only in the posterior cingulate in the encoding stage, whichis not
showninthe figure (Supplementary Table 12). d, The ROl results (sample size,
n=20; for the results of classical parametric tests, see Supplementary Table 14).
The bars show the mean S values, the error bars show the standard errors and
each point shows the data of a participant. As predicted by the social-semantic
working-memory hypothesis, in both ROIs, social-semantic effects were found
inboth the encoding and maintenance stages. Aninteraction between social-
semantic and demanding effects was found in both ROIs in the encoding stage
but not the maintenance stage. HSHML, high-socialness and high-memory-load;
HSLML, high-socialness and low-memory-load; NSHML, non-social and high-
memory-load; NSLML, non-social and low-memory-load.

the sentences. To examine this prediction, we gave the participants a
delayed recognition task during fMRI scanning. Each trial contained
three stages: in the encoding stage, the participants read two or four

sentences consisting of high-socialness or non-social words; in the
maintenance stage, the participants maintained the sentences for a
period; and in the response stage, the participants made responses
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to aforced-choice word recognition task. The sentential stimuli were
identical to those used in Experiment1, each consisting of three words.
See Fig. 3a,b for sample stimuli and trials.

We varied the number of sentences to manipulate the memory
load. Memory load is a classic factor in working-memory studies,
and its effect has been reliably found in the core fronto-parietal
working-memory network’>®”". In the brain regions that are assumed
to selectively represent particular types of contents (such as objects,
faces and mental states), previous findings on load effects have been
inconsistent: some studies have found load effects for working memory
of specific stimuli®*~*, but others have not* . We therefore explored
the interaction between social-semantic and load effects in the left
vTPJand IATL.

The whole-brain results of Experiment 3 are shown in Fig. 3c
and Supplementary Tables 12 and 13. The left vTPJ and IATL showed
the persistent social-semantic-selective activity predicted by the
social-semantic working-memory hypothesis: both regions showed
significant social-semantic effects (high-socialness > non-social) at
boththe encoding and maintenance stages, as reflected by the ampli-
tude of the BOLD signals. These regions, however, showed no signifi-
cant response to the sentence number or interaction between the two
factors at either the encoding or maintenance stage.

Asin Experiments 1and 2, we conducted ROI analyses to further
examine the results within the left vTPJ and IATL. To remain consistent
with Experiments 1and 2, the ROIs were defined on the basis of the
results of Zaccarellaet al.”. Unlike in Experiments1and 2, we were not
able to define individual ROIs because Experiment 3 did not include
any localizer tasks; we also did not regress out the effect of task efforts
because we explicitly manipulated the task demands (that is, memory
load) in this experiment.

The results of the ROl analysis are shown in Fig. 3d and Supple-
mentary Table14. Both Bayesian and classical parametric tests showed
social-semantic effects inboth ROIs at both the encoding (for the left
VTP): t,,=4.682;d=1.047;95%Cl, (1.22,3.20); P< .001; for the left IATL:
t,o=5.885;d =1.317;95% Cl, (1.69,3.55); P < .001) and maintenance stages
(for the left vTPJ: t,, =4.346; d = 0.972; 95% Cl, (0.54,1.54); P<.001;
for left the IATL; t,, = 4.034, d = 0.904; 95% Cl, (0.59, 1.85); P=0.001),
confirming thekey prediction of the social-semantic working-memory
hypothesis. In addition, at the encoding stage, both ROIs showed the
interaction between the social-semantic and sentence-number effects
(for the left vTPJ: t,, = 3.512; d = 0.782; 95% Cl, (0.32,1.26); P=0.002;
for the left IATL: t,, =3.302; d = 0.733; 95% Cl, (0.23,1.03); P=0.004):
larger social-semantic effects were found in the four-sentence condi-
tions thanin the two-sentence conditions; however, no such effect was
found at the maintenance stage (for the left vTPJ: ¢,, =1.239; d = 0.275;
95% Cl, (-0.21, 0.81); P=0.231; for the left IATL: t,, =1.314; d = 0.297;
95% Cl, (-0.17, 0.77); P=0.204). These findings indicate that the left
VvTPJ and IATL can show persistent social-semantic-selective neural
activity; in addition, these regions are selectively sensitive to the
encoding load of social-semantic information but insensitive to the
maintenance load of it. (As mentioned above, previous findings have
been inconsistent in the load effects in the areas that are assumed to
selectively represent particular types of contents. One possibility is
that the emergence of such effects relies on task-dependent modula-
tion by the core working-memory areas’®. According to this view, at
the maintenance stage, the lack of aninteraction effectintheleft vTPJ
and IATL might be associated with the weakness of the load effect in
the core fronto-parietal working-memory network as shownin Fig. 3c.)

We performed dynamic causal modelling (DCM) analysis to fur-
ther explore the direction of influences between the left vTPJ and IATL
and whether the directional connections between the two regions are
modulated by social-semantic encoding and maintenance. We con-
structed and compared nine models with the two regions, considering
all possible combinations of directional connections and modulations
(Supplementary Fig. 5a,c; for details, see the Methods). For both the

encoding and maintenance stages, we found that the winning models
were those with bidirectional intrinsic connections and bidirectional
modulations by social-semantic inputs (Supplementary Fig. 5b,d).
These findings indicate that the left vTPJ and IATL are functionally
interdependent during both social-semantic encoding and mainte-
nance, with bidirectional transmission of social-semanticinformation
between them. This is consistent with previous research indicating that
these two areas form a subsystem of the social-cognition network*>°,

Social-semantic working memory of the last sentence. Lan-
guage comprehension often requires processing successive sen-
tences, during which the meaning of the context sentences must be
maintained while the current sentence is processed. In Experiment
4, we examined whether the left vTPJ and IATL showed persistent
social-semantic-selective neural activity during the processing of
successive sentences. We conducted multivariate pattern analyses
(MVPA) to reveal the semantic contents of the neural representation,
which allows us to decode the maintained semantic representations
of the context sentence from the neural activity associated with the
presentation of the current sentence.

In Experiment 4, the participants accomplished a ‘mental por-
trait’ task. Ineach trial, the participants read two successive sentences
describing two features of a person; then, they saw two photos of dif-
ferent people and decided which photo was more consistent with the
preceding sentences by pressing buttons. In half of the trials, people
read sentences about two trait dimensions, dominance and trustwor-
thiness, which are the major trait dimensions associated with face
evaluation®. Inthe other half of the trials, people read sentences about
two physical facial dimensions, the size of the face and the length of the
eyebrows. Although the trait and physical facial dimensions are both
person-related, the trait dimensions should have higher socialness than
the physical onesbecause they are more directly related to interactions
between people. To dissociate the brain activities associated with the
presentation of the two sentences and the pictures, the sentences and
pictures were separated by jitters (for task procedure, see Fig. 4a).

Thekey prediction of the experimentis thatifthe left vTPJand IATL
represent social-semantic working memory during the processing of
successive sentences, then they should maintain the social meaning
of thefirst sentence while the second sentence is being processed. We
therefore performed MVPA to decode the poles of each dimension (for
example, high dominance versus low dominance) expressed in the first
sentence from the neural activity associated with the presentation of
the second sentence. We also conducted MVPA to decode the poles of
each dimension expressed in each sentence from the neural activity
associated with the presentation of the sentence itself. The analyses
were performed at both the whole-brain and ROl levels (Methods).
The whole-brain searchlight analysis failed to reveal any significant
results. The ROl analysis was based on the same ROIs as in Experiment
3.AsshowninFig.4c,intheleft vTPJ, the poles of dominance expressed
by the sentences could be decoded from both their concomitant and
delayed neural activity (with average decoding accuracies of 3.22%
and 6.05% above the 50% chance level, with lower bounds of one-sided
95% Cls of 51.14% and 52.73%, and with P values of 0.010 and 0.001,
respectively); intheleft IATL, the poles of dominance expressed by the
sentences could be decoded from their delayed neural activity (withan
average decoding accuracy of 3.52% above the 50% chance level, with
alower bound of the one-sided 95% Cl of 50.31% and with a P value of
0.037), butthe effect did not survive the Bonferroni correction for the
number of dimensions decoded (n = 4). No other dimension could be
decoded fromeither the concomitant or the delayed neural activity of
the sentences. Our results therefore partially confirmed the prediction
of the social-semantic working-memory hypothesis by showing that
at least social-semantic information associated with dominance can
be maintained in the left vTPJ (and possibly the left IATL) during the
processing of successive sentences.
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@ A sample trial from Experiment 4:

2L

TAEWASFUHEERIA + TAR—MASEERIA| +
Face A Face B
0.2s Jitter 1.5s Jitter Response Inter-trial interval
1.5-3.5s 1.5-35s 2s 1.3-4.3s
_____________________________________________________________________________________ >
b Descriptive sentences in Experiment 4:
Features Sentences Features Sentences
o TAZER SRR A N TARE RS
(He or she likes to lead and command others) (He or she is a person with a big face)
o TABERKE BRI A 3\ o TAR— MR AN A
(He or she likes to follow and obey others) (He or she is a person with a small face)
€ ROI MVPA results of Experiment 4:
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Fig. 4 | Persistent social-semantic-selective neural activity during the
processing of successive sentences (Experiment4). a, The trial structure of
the task. In each trial, the participants read two sentences describing either two
trait features (dominance and trustworthiness) or two physical facial features
(big/small face and long/short eyebrows) of a person. They were then asked

to choose a photograph from two to match the contents of the sentences. In

the experiment, the images labelled Face A and Face B were authentic portrait
photos from the CAS-PEAL Chinese face database. b, The descriptive sentences
for each trait or physical facial dimension. ¢, The results of MVPA in ROls (sample
size, n=16). The bars show the average classification accuracies on the poles of
the four dimensions described in the last (top) and current sentences (bottom).
The black solid line in each bar shows the lower bound of the 95% Cl for the
classification accuracy obtained using bootstrapping, and each point shows

the data of a participant. The dashed line shows the chance level (50%). In the
left vTPJ, the features of dominance described in the current (accuracy, 53.22%;
Poncorrectea = 0-01) and last sentences (accuracy, 56.05%; P,ncorreciea = 0-001) can
both be decoded from the activation patterns; in the left IATL, the features of
dominance described in the last sentence can be decoded from the activation
patterns (accuracy, 53.52%; Pyncorrectea = 0-037), but the effect did not survive

the Bonferronicorrection for the number of dimensions decoded (n=4).No
other features can be decoded from the activation of the two ROIs. All statistical
tests were one-sided. HD, high dominance; LD, low dominance; HT, high
trustworthiness; LT, low trustworthiness; BF, big face; SF, small face; LE, long
eyebrows; SE, short eyebrows. *P < 0.05; **P < 0.01 (uncorrected). Icons ina made
by Freepik and Pixel perfect from www.flaticon.com.

Non-linguistic social stimuli activate the left vTPJ and IATL

The above experimentsindicate that the neural activity of the left vTPJ
andIATL during sentence processing is associated with social-semantic
working memory rather thanlinguistic processes. However, because all
the above experiments used sentence stimuli to induce social-semantic
processing, it was unclear whether the social-semantic sensitivity of
the left vTPJ and IATL was specific to language comprehension. If the
left vTP) and IATL represent social-semantic working memory, then
they should be sensitive to the social meaning of both linguistic and
non-linguistic stimuli.

In Experiment 5, we examined the sensitivity of the left vTPJ and
IATL to the social information conveyed by non-linguistic stimuli. The
participants were asked to watch short silent videos and rate their
pleasantness (see Fig. 5b for the task procedures). There were three

kinds of videos corresponding to three conditions: the high-socialness
(HS) videos were aboutinteractions between people, the single-person
(SP) videos contained only one person and the non-social (NS) videos
contained only natural and non-human entities.

The whole-brain results are shown in Fig. 5c and Supplementary
Table 15. In the left vTPJ, significant differences were found between
each two of the three conditions, with the HS condition evoking the
strongest neural activity and the NS condition evoking the weakest
neural activity. The left IATL showed stronger activation to the HS
condition than to the NS condition. A small cluster in the left dorsal
ATL and temporal pole showed stronger activation to the SP condi-
tion than to the NS condition. Significant socialness effects were also
found in many other brain regions of the social-cognitive system
(Fig. 5¢). The ROl results are shown in Fig. 5d. The ROl analysis was
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@ Screenshots of sample videos for Experiment 5:

b a sample block from Experiment 5:

) 2g ; b \ »
Video 1 ISI Video 2 ISI Video 3 1SI Video 4 ISI Video 5
5s 05s 5s 05s 5s 05s 5s 0.5s 5s
................................................................................. >
€ Whole-brain results of Experiment 5:
HS - NS HS - SP SP - NS

-5.66 t 14.59 3.88 t N74 -553 t 9.69
d ROI results of Experiment 5:
BF,, =218.958 BF,, = 97.268
[
BF,, =425,850.900 BF,, = 1,826.020
Left vTP)J Left ATL 1.0
2 BF,=290.173 : BF,,=9.717
L | |
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Fig.5|Theleft vTPJ and IATL are sensitive to the socialness of non-linguistic
stimuli (Experiment 5). a, Screenshots of sample videos in the HS (left), SP
(middle) and NS (right) conditions. b, The block structure. Each block contained
five videos from the same condition. ¢, The whole-brain results (for more
information on the results, see Supplementary Table 15). The left vTP) showed
sensitivity to socialness inall contrasts between conditions (HS > SP > NS).

The left IATL showed sensitivity to socialness in the contrast between the HS and
NS conditions. d, The ROl results (sample size, n = 20). The bars show the mean 8
values, the error bars show the standard errors and each point shows the data of
aparticipant. Both ROIs showed sensitivity to socialnessin all contrasts between
conditions (HS > SP > NS). IS|, inter-stimulus interval. Imagesin a,b reproduced
from stock footage provided by Videvo, downloaded from www.videvo.net.

based onthe same ROIs used in Experiments 3 and 4. Inboth ROIs, both
Bayesian and classical parametric tests showed differences between
each two of the three conditions, with the HS condition evoking the
strongest neural activity and the NS condition evoking the weakest
neural activity (for the ‘HS > SP’ contrast of the left vTP): t,, = 4.778;
d=1.075;95% Cl, (0.24, 0.62); P< 0.001; for the ‘HS > SP’ contrast of
the left IATL: t,,=4.373; d =1; 95% Cl, (0.10, 0.26); P< 0.001; for the
‘HS > NS’ contrast of the left vTPJ: t,, = 8.921; d = 2; 95% Cl, (0.61, 0.99);
P<0.001;forthe ‘HS > NS’ contrast of the left IATL: ¢,, = 5.852; d =1.333;
95%Cl, (0.21,0.43); P < 0.001; for the ‘'SP > NS’ contrast of the left vTPJ:
t,,=4.918;d=1.118;95%Cl, (0.22,0.54); P < 0.001; for the ‘SP > NS’ con-
trastof theleft IATL: ¢, =3.204;d =0.7;95% Cl, (0.05,0.23); P= 0.005).
The left vTP) and IATL are therefore sensitive to social information,
whether conveyed by linguistic or non-linguistic stimuli, in line with
the social-semantic working-memory hypothesis.

Theleft vTP) and IATL belong to the social-semantic network
According to the social-semantic working-memory hypothesis, the
function oftheleft vTPJ and IATL is intrinsically more tightly associated

with social-semantic working memory than with linguistic process-
ing. These regions would therefore have stronger intrinsic functional
connectivity to the social-semantic-processing areas than to the
sentence-processing areas. Experiment 6 examined this prediction
using resting-state fMRI.

We defined the seed ROIs on the basis of two published
meta-analyses (Zaccarella et al.” for the key ROIs and sentence-
processing ROIs, and Zhang et al.”* for the social-semantic-processing
ROIs; Fig. 6a). Both meta-analyses identified areas in the left vTPJ and
IATL, and their locations were adjacent. To remain consistent with
the ROI analyses of Experiments 1to 5, we defined the key seed ROIs
of the left vTP) and IATL on the basis of Zaccarella et al.”” and did not
include the left vTPJ and IATL area identified by Zhang et al.** as seed
ROIs. According to our prediction, the left vTPJ and IATL should have
stronger intrinsic connectivity to the social-semantic-processing areas
thantothe sentence-processing areas even when they were defined on
the basis of sentence-processing tasks.

We first examined whether the left vTPJ and IATL have stronger
resting-state functional connectivity (RSFC) to the remaining
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a Key ROIs (purple) and sentence-
processing ROIs (blue)
(Zaccarella et al., 2017)

(excluding the left vTPJ and
LATL; Zhang et al., 2021)
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Fig. 6| The left vIPJ and IATL have stronger intrinsic connectivity to the
social-semantic-processing areas than to the sentence-processing areas
(Experiment 6). a, The locations of the seed ROIs. The ROIs were defined

on the basis of two meta-analyses by Zaccarella et al.” and Zhang et al.*>. To
remain consistent with the ROl analyses of Experiments1to 5, we defined the
key ROIs (that is, the left vTP) and IATL) according to Zaccarellaet al.”. The
left vTP) and IATL found in the meta-analysis of social-semantic-processing
tasks** were thus not included in the analysis. The sentence-processing ROIs
and social-semantic-processing ROIs were defined according to Zaccarella et
al.” and Zhang et al.*”?, respectively. According to the prediction of the social-
semantic working-memory hypothesis, the left vTPJ and IATL should have
stronger intrinsic connectivity to the social-semantic-processing ROIs than
to the sentence-processing ROIs even when they were defined on the basis of

sentence-processing tasks. b, Mean RSFCs of the key ROls to social-semantic-
processing and sentence-processing ROIs. For both the left vTPJ and the left
IATL, their average RSFCs to the social-semantic-processing ROIs were stronger
than those to the sentence-processing ROIs (sample size, n=39). ¢, The results
of the k-means clustering analysis on all ROls. The left vTPJ, IATL, aSTS and TP
clustered together with the social-semantic-processing ROIs rather than the
other sentence-processing ROIs, even though they were defined on the basis of
the meta-analysis results of sentence-processing studies”. Top, the averaged
silhouette scores of the k-means clustering analysis. Bottom, the best clustering
solution shown by the dashed lines in the RSFC matrix of the seed ROIs. IFG_Orb,
orbital part of the IFG; IFG_Ope, opercular part of the IFG; IFG_Tri, triangular part
oftheIFG; aSTS, anterior superior temporal sulcus; TP, temporal pole; pMTG,
posterior middle temporal gyrus; PC, posterior cingulate.

sentence-processing ROIs or to the social-semantic-processing ROIs.
Bothregions showed stronger RSFC to the social-semantic-processing
ROIs thanto the sentence-processing ones (for the left vTPJ: t;5 = 4.327;
d=0.684;95% Cl, (0.07,0.19); P< 0.001; for the left IATL: t;3 = 6.783;
d=1.087;95%Cl, (0.18,0.32); P< 0.001; Fig. 6b). We then conducted a
k-means cluster analysis based on the correlation matrix between all
pairs of seed ROIs (Methods). The silhouette scoreindicated that these
nodes couldbebestgroupedintotwo clusters (Fig. 6¢). Theresults of the
two-cluster solutionare shownin Fig. 6¢. Four seed ROIs defined by the
sentence-processingtask, including the left vTPJ, the left IATL and two
ROIsclosetothelATL (thatis, the anterior superior temporal sulcus and
temporal pole), clustered together with the social-semantic-processing
ROIs, while the other sentence-processing ROIs clustered together.
These results confirm our prediction that the left vTPJ and IATL have
stronger intrinsic connectivity to the social-semantic-processing
areas than to the sentence-processing areas.

Discussion

We examined the function of the left vTPJ and IATL in sentence process-
ingand social-semantic working memory. Two key findings indicate that
these regions engage in sentence processing through social-semantic

working memory: first, they are more sensitive to sentences than to
word lists only if the sentences convey social meaning (Experiments 1
and 2); second, they show persistent social-semantic-selective activ-
ity after the linguistic stimuli disappear (Experiments 3 and 4). Two
additional findings also indicate that these regions are more tightly
associated with social-semantic processing than with linguistic pro-
cessing: they are sensitive to the socialness of non-linguistic stimuli
(Experiment 5) and are intrinsically more tightly connected to the
social-semantic-processing areas than to the sentence-processing
areas (Experiment 6). Taken together, our results provide converging
evidence for the social-semantic working-memory hypothesis of the
left vTPJ and IATL and challenge the general-semantic and/or syntactic
accounts for the neural activity of these regionsin sentence processing.

Ourresultsindicate that during sentence processing, the stronger
neural responses of the left vTPJ and IATL to sentences than to word
lists are selectively associated with social-semantic comprehension,
whichis probably due to more durable working memory for coherent
social meanings thanforincoherent onesinthese regions. Itis notable
that without controlling for the socialness of the stimuli, the activa-
tion of these regions in sentence processing has consistently been
reported in the literature?>**', Why is the activity of the left vTPJ and
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IATL so frequently observed in previous studies of sentence process-
ing? The primary reason could be that language use is a social behav-
iour and sentences are thus naturally dominated by social-semantic
information®. For example, it has been found that approximately 2/3
of natural conversations are onsocial topics®. Inaddition, the left vTP)
and IATL are sensitive to the social meaning of a very broad range of
concepts'. For example, they are even sensitive to the social meaning
of non-living objects?’. The comprehension of the vast majority of our
daily sentences may therefore naturally require the involvement of
social-semantic working memory.

Our results provide an alternative explanation for the results of
previous neuroimaging studies that compared sentences with frag-
mented linguistic stimuli. The stronger brain activity in response to
sentences than to non-sentential stimuli has been viewed as a classic
neural signature for linguistic processing. It has been used for local-
izing the language network®******! examining the linguistic functions
of the brain networks defined by resting-state fMRI data processing®*
and revealing the recruitment of the occipital cortex of congenitally
blind individuals in linguistic processing®. However, our results show
that, without controlling for the socialness of the stimuli, this classic
effect may reflect social-semantic working memory. One limitation
of this study is the absence of evidence indicating whether sentence
effects outside the left vTP) and IATL may reflect working memory
for non-social semantics. However, the findings of a previous study
have suggested that this speculation may be valid. Humphries et al.*
used sentences describing concrete events (which should be rich
in visual semantics) as the target stimuli and found that when com-
pared with meaningless sentences and word lists, these sentences
induced stronger activation not only in the classic sentence-processing
regions but also in the bilateral middle occipital gyri and left fusi-
form gyrus. This finding indicates that the activation to sentences
may also reflect non-social types of semantic working memory (for
example, visual-semantic working memory), especially when the
non-social-semantic dimensions of sentences are manipulated.

Our results indicate that the left vTP) and IATL may connect lan-
guage comprehension with social cognition through social-semantic
working memory. Most previous studies on the relationship between
language and social cognition focused on the ability to reason about
mental states, whichis known as theory of mind (ToM)"*¢*"%¢ The key
regions supporting ToM are the right TP) and dmPFC'®*°, which are
often engaged in the comprehension of stories and non-literal mean-
ings®*®*’°, We assume that in comparison with ToM, social-semantic
working memory is amore general and basic social-cognitive compo-
nent that connects language comprehension with social cognition:
it is not specific to mental states but is involved in the processing of a
wide range of social concepts, and it forms the basis of social-semantic
manipulation and integration, which in turn supports higher-order
social cognition such as ToM. Consistent with our view, in the field
of social neuroscience, the left vTPJ and IATL are associated with
not only ToM”"”2 but also other social functions'®*>”*; in the field of
language comprehension, the left vTPJ and IATL are involved in not
only the comprehension of stories® and non-literal meanings™ but
also social-semantic comprehension of sentences*’, phrases™” and
word519,20,22,76.

Recent research has indicated that social cognition may play
more important roles in multiple cognitive domains than previously
believed””. To explore the functions of the left vTPJ and IATL in broader
cognitive domains, we conducted location-based analyses of Neuro-
synth (neurosynth.org)’® toidentify the cognitive terms associated with
these brainregions (see Supplementary Information section B for the
details). Weidentified 15 cognitive terms that are commonly associated
withboth areas and 14 cognitive terms thatare unique toeither the vIPJ
orthelATL (Supplementary Table 16). All of the 15 common terms per-
tainto the domains of social, language, semantics and autobiographi-
cal memory, and the 14 unique terms are also highly correlated with

these domains. The relationships between social-semantic working
memory and the first three domains have already been indicated by
the current study. The processing of autobiographical memory may
also engage social-semantic working memory because relationships
and interactions with others are a crucial part of individual experi-
ences. Therefore, the social-semantic working-memory function of
the left vTPJ and IATL may account for the majority of their activation
observedin previous studies.

Althoughtheleft vTP) and IATL showed highly similar resultsin the
currentand previous studies, some functional differences between the
two areas have also been indicated by the literature. It has been found
that the left IATL is more stably involved in social concept retrieval
and word-level social-semantic processing*>”®, while the left vTPJ is
more sensitive to discourse-level social-semantic processing*>“%, The
left IATL and vTP) may therefore play greater roles in social concept
retrievaland integration, respectively. The left vTPJ also playsarolein
cross-modal social-semanticintegration: it is sensitive toboth speeches
and gestures that convey communicative intent’ and is especially
sensitive to co-speech gestures®,

As indicated by previous social neuroscience studies, the repre-
sentation of social concepts relies on fine-grained social-semantic
dimensions that have distinct neural correlates® >, In Experiment
4, we examined the social-semantic working memory of two specific
trait dimensions: dominance and trustworthiness. Only dominance
could be decoded from the neural activity of the left vTPJ and IATL.
This finding is consistent with the previous finding that dominance is
the most salient and conserved across the trait-state divide according
to neural representation®. It also indicates that the left vTP] and IATL
may not represent all kinds of social-semantic dimensions. However,
one limitation of this study is that it does not provide evidence as to
whether theleft vTP) and IATL also represent other dimensions of social
semantics beyond dominance. In addition, many regions outside the
left vTPJand IATL have been found to represent specific social-semantic
subdimensions®*, It remains to be investigated whether these regions
support working memory on specific social-semantic subdimensions.

Thefindingthat the left vTPJisinvolved insocial-semantic working
memory can be linked to the previous finding that several functional
subdivisions of the left TP) support working-memory processes. In the
field of language processing, the left supramarginal and angular gyri
have been found to buffer phonological and semantic information,
respectively®* %, In the field of social cognition, Meyer and Collier®
foundthat the bilateral dorsal TPJs are involved in working memory of
mental states of specific individuals such as characters from a televi-
sion show. These findings, together with ours, indicate that the left
TPJ as a whole may play important roles in working memory, with its
different subdivisions supporting working memory of different types
of information.

Our findings seem to contradict the findings of the classic studies
by Bemis and Pylkkinen®*’, which revealed neural activity associated
with phrase-level composition (forexample, ‘red boat’) inthe left ATL
and angular gyrus. These seemingly inconsistent findings may be
explained by two reasons. First, Bemis and Pylkkinen®*° did not fully
control for the socialness of their stimuli. Some words they used have
direct or symbolic social meanings, such as religion (cross), emotions
(heart), secrets (lock and key), signals for communication (bell and
flag), property (house and car) and politics (red and blue). Moreover,
combinations of colour words and nouns could convey further social
meanings (for example, ‘red heart’ and ‘black heart’ can convey the
meanings of love and evil, respectively). Second, both the left TPJ and
ATL contain multiple functional subdivisions that support distinct
cognitive processes™*?°7%0-%_Gijven the broad definitions of ATL
and angular gyrus used by Bemis and Pylkkinen®*® and the relatively
low spatial resolution of magnetoencephalography, it is uncertain
whether the composition effects were localized to the vTP) and IATL
or to other subregions of the TP) and ATL. Several fMRI studies have
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also shown that phrase-level composition activates the left TPJ"***%,
In arecent study, Lin et al.” manipulated both the socialness and the
plausibility of phrases and found that in the left TPJ, the region sensitive
to the plausibility of phrases is dorsal to the region sensitive to social
semantics, with no overlap between the two regions. More recently,
Yang and Bi” investigated phrase-level composition using represen-
tation similarity analysis. They found that the bilateral ATLs are sensi-
tive to social-semantic composition but not to non-social-semantic
composition. Therefore, the only two studies that have examined both
social-semantic and phrase-composition effects found that the left vIPJ
andIATL are selectively sensitive to social-semantic processing rather
than to general composition processes.

To conclude, we examined whether the sentence and social-
semantic effects observed in the left vTP) and IATL both reflect
social-semantic working memory. We found that the stronger
responses of these regions to sentences than to word lists are selec-
tively associated with social-semantic comprehension and that these
regions are involved in social-semantic working memory during
and after sentence processing, which supports the social-semantic
working-memory hypothesis. Our findings provide insights into the
function of the left vTPJ and IATL in language comprehension and
indicate that these regions may connect language with social cognition
through social-semantic working memory.

Methods

Ethic approval

All protocols and procedures of the current study were approved
by the Institutional Review Board of the Institute of Psychology of
the Chinese Academy of Sciences (IPCAS2019006, IPCAS2020003
and IPCAS2021004). Each participant read and signed the informed
consent form before taking part in the experiments. All experiments
were conducted in accordance with the Declaration of Helsinki and all
relevant ethical regulations.

Participants

The participants were all right-handed and native Chinese speakers.
None of them had experienced psychiatric or neurological disorders
or had sustained aheadinjury. The sample sizes of Experiments1,2, 3,
4,5and 6 were 20 (16 women; mean age, 22.3 years; s.d., 2.3 years), 20
(13 women; mean age, 23.5 years; s.d., 1.9 years), 20 (11 women; mean
age, 21.8years;s.d., 2.4 years), 16 (9 women; mean age, 24.0 years; s.d.,
2.4 years), 20 (14 women; mean age, 22.8 years; s.d., 2.7 years) and 39
(28 women; mean age, 22.9 years; s.d., 2.2 years), respectively. These
sample sizes were determined by referencing those of previous fMRI
studies on social-semantic and sentence effects, which have been
summarized in two meta-analyses, conducted by Zhang et al.*? and
Zaccarellaetal.”, respectively. There were 82 participants in total (56
women; mean age, 22.7 years; s.d., 2.4 years). For Experiments1to 5,
70 participants took part in only one of the five experiments, 10 par-
ticipants took partintwo of them and 2 participants took partinthree
ofthem. The participants of Experiment 6 were all from Experiments 1
and 2. The participants received payments of 120,120,120, 150 and 50
RMB for Experiments1,2, 3,4 and 5, respectively.

Designs and procedures

Experiment 1. Experiment 1 included six conditions (the HSS, NSS,
HSWL, NSWL, HSCL and NSCL conditions). Each of the six conditions
contained 96 trials. For the HSS and NSS conditions, each trial con-
sisted of two sentences. For both conditions, the stimuli consisted of
96 different sentences, with each sentence being presented twice in
different pairs. Fiveindependent rating experiments (each recruiting
16 participants who did not participate in the fMRI experiment) were
conducted to obtain the socialness, imageability, semantic familiarity
and semantic plausibility of the sentences and the socialness of the
constituent words. The HSS and NSS conditions were significantly

differentin both word-level and sentence-level socialness (HSS > NSS)
and were matched onall the other ratings. The two conditions were also
matched onword frequency (Chinese Linguistic Data Consortium®).
See Supplementary Table 17 for the statistics of the manipulated and
controlled variables of Experiment 1. We then segmented the sentences
of the HSS and NSS conditions into words and characters. The constitu-
ent words and characters of the HSS condition were used to form the
stimuli of the HSWL and HSCL conditions; the constituent words and
characters of the NSS condition were used to form the stimuli of the
NSWL and NSCL conditions. Each trial of the word-list conditions con-
sisted of sixnouns or six verbs. Each trial of the character-list conditions
consisted of six character pairs that did not formwords. Character pairs
are oftenused as non-words in Chinese reading research (for example,
ref. 97). However, given that almost all Chinese characters have their
ownmeanings and that many of them can function as single-character
words, itisimpossible to rule out semantic or lexical processing from
Chinese-character reading. Therefore, the character-string conditions
were included only as supplementary baselines.

The fMRI experiment included six runs of 9.9 min each, employ-
ingablockdesign. Inthefirstandlast10 s of eachrun, the participants
were shown a fixation. Each run contained four blocks for each condi-
tion, with interblock intervals of 10 s. The order of blocks of different
conditions was counterbalanced across runs and participants. Each
block contained a cue and four trials, lasting 20 s in total. The cue was
presented for 1s, indicating whether the following stimuli were sen-
tences, word lists or character lists. The structure of a trial isshown in
Fig.1b.Words and character pairs were presented one by one for 500 ms
each. A fixation of 300 ms appeared after the last word or character
pair, followed by a probe word or character pair appearing for 1.35s.
Assoon as the participants saw the probe word or character pair, they
were asked to judge whether the probe stimulus had been presented
withinthe current trial quickly and accurately. Each trial ended with a
fixation of 350 ms.

Experiment 2. Experiment 2 included two sentence conditions (the
HSS and NSS conditions) and two word-list conditions (the HSWL
and NSWL conditions). The HSS and NSS conditions each contained
60 different sentences. Five independent rating experiments (each
recruiting 16 participants who did not participate in the fMRI experi-
ment) were conducted to obtain the socialness, imageability, semantic
familiarity, semantic plausibility and syntactic plausibility of the
sentences. The HSS and NSS conditions were significantly differentin
the socialness of sentence meaning (HSS > NSS) and were matched on
allthe other ratings (Supplementary Table 18). For each sentence, the
maximum depth and mean depth of the syntactic nodes were calcu-
lated on the basis of the bottom-up node tree obtained from the Chi-
nese Stanford Parser (https://nlp.stanford.edu/software/lex-parser.
shtml), serving as two measures of syntactic complexity. The HSS and
NSS conditions were matched on both measures (Supplementary
Table 18). In addition, the HSS and NSS conditions were matched on
character number, word number and mean log-transformed word
frequency (Supplementary Table 18). For both the HSS and NSS condi-
tions, the 60 sentences were grouped into 15 blocks (each containing
4 sentences). The constituent words of each block were then shuffled
and rearranged into four word lists to constitute the stimuli for the
HSWL and NSWL conditions.

ThefMRIexperimentincluded four runs of 7.1 min each, employing
ablockdesign. Inthefirstandlast10 sof eachrun, the participants were
shown a fixation. Each run contained four blocks for three conditions
and three blocks for the other conditions, with interblock intervals
of10 s. The number and order of blocks for different conditions were
counterbalanced across runs and participants. Each block contained a
cueand fourtrials. The cue was presented for 1s, indicating whether the
following stimuli were sentences or word lists. The trial structure was
the same asthat of Experiment 1, except that each sentence or word list
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was presented for 4 s, with each constituent word within a trial having
anequallength of presentation time (Fig. 2b).

Experiment 3. Experiment 3 employed a delayed word-recognition
task, inwhich the participants were asked to read sentences, maintain
them for a period and then perform word-recognition judgement
by pressing buttons. We manipulated the socialness and number
of stimuli (two or four sentences) to create four experimental con-
ditions: the HSHML, HSLML, NSHML and NSLML conditions. Each
condition contained 32 trials. The stimuli were the 96 high-socialness
and 96 non-social sentences used in Experiment 1. Each sentence
appeared in two different trials. As in Experiment 1, we matched the
imageability, semantic familiarity and semantic plausibility of the
sentences and the log-transformed word frequency across conditions
(Supplementary Table 19).

The fMRI experiment included four runs of 12 min each, employ-
ing an event-related design. Each run included 32 trials, with 8 trials
for each condition. The numbers and orders of the trials for different
conditions were counterbalanced across runs and participants. In the
first and last 10 s of each run, the participants were shown a fixation.
Ineachtrial, the encoding, maintenance and recognition stages lasted
7,6 and 3 s, respectively. The three stages were separated by twojitter
intervals,each 0.5t02.5s, with anaverage duration of 1.5 s (Fig. 3b).

Experiment 4. Experiment4 employed a ‘mental portrait’ task, inwhich
the participants read two sentences describing either two trait features
(dominance and trustworthiness) or two physical facial features (big/
smallface and long/short eyebrows) of aperson successively and then
chose a photograph from two to match the contents of the sentences.
For the trait dimension of dominance, the participants saw either the
sentence ‘TAE WIS HIIEIERI A’ (meaning ‘He or she likes to lead and
command others’), indicating high dominance, or ‘TAE YGEREFIE &
%] N’ (meaning ‘He or she likes to follow and obey others’), indicating
low dominance. For the trait dimension of trustworthiness, the par-
ticipants saw either the sentence ‘TAZ—/M5 RECEHI A (meaning
‘He or she is a sincere and straightforward person’), indicating high
trustworthiness, or TAE—/MAE =21 A’ (meaning ‘He or sheisa
smooth and changeable person’), indicating low trustworthiness. For
the two physical facial dimensions, the participants saw ‘TAE—/ &
BER//IN N (meaning ‘He or she is a person with a big/small face’)
and TAR—NEREK/FA N’ (meaning ‘He or she is a person with
long/short eyebrows’). We chose the two physical facial dimensions
on the basis of the findings of Vernon et al.”® and the results of rating
experiments on our stimuli (see below), both of which indicate that
the correlations between dominance, trustworthiness and the two
selected physical facial features are very low. Note that for each of the
four dimensions, the two sentences describing the different poles of the
dimensionwere identical in syntactic structure, avoiding confounding
between the semantic and syntactic differences.

The different orders and contents of the sentences resulted in
eight trait and eight physical facial conditions. The social conditions
werelabelled HDHT, HDLT, LDHT, LDLT, HTHD, HTLD, LTHD and LTLD,
inwhich theletters HD, LD, HT and LT indicate high dominance, low
dominance, high trustworthiness and low trustworthiness, respec-
tively. The physical facial conditions were labelled BFLE, BFSE, SFLE,
SFSE, LEBF, LESF, SEBF and SESF, in which BF, SF, LE and SE indicate
big face, smallface, long eyebrows and short eyebrows, respectively.
The picture stimuliwere 128 photographs selected from the CAS-PEAL
Chinese face database®”'°°, Each picture shows an authentic portrait
photo of a person facing forwards, with a neutral expression and
without a hat, glasses or any facial accessories. Four rating experi-
ments (each recruiting 16 participants who did not participate in
the fMRI experiment) were conducted to rate each photograph on
the two traits and two physical facial dimensions using 1-100 scales.
Theresults showed that the correlations between the z-transformed

scores of the photographs on any two of the four dimensions were low
(Ir1 < 0.15). The photographs were then grouped into 64 pairs. Each
pair of photographs was included in two trait conditions that were
opposite in both trait dimensions (for example, HDHT and LDLT)
and two physical facial conditions that were opposite in both physi-
cal facial dimensions (for example, BFLE and SFSE). Each condition
therefore contained 16 pairs of photographs, corresponding to 16
different trials of the condition.

The fMRI experiment included eight runs of 436 s each, employ-
ing an event-related design. In the first and last 10 s of each run, the
participants were shown a fixation. Each runincluded 32 trials, with 2
trials for each condition. The orders of the trials of different conditions
were counterbalanced across runs and participants. The trial structure
isshownin Fig. 4a. Each trial started with ared fixation of 0.2 s. Then,
the first and second sentences appeared in turn, each lasting for1.5s,
followed by ajitter fixation of 1.5t0 3.5 s (mean, 2.5 s). The photographs
were shown for 2 s, during which the participants were asked to make
their judgement by pressing buttons. Each trial ended with a jitter
fixation of1.3to4.3 s(mean,2.8s).

Experiment 5. Experiment 5included three conditions, each of which
contained 30 shortsilent videos. The videos were obtained fromonline
resources'”’. All videos were cut to 5 slong. We selected the stimuli for
the three conditions on the basis of the number of people shownin the
video; the HS videos contained multiple people who are interacting,
the SP videos contained a single person and the NS videos contained
no people.

The fMRIexperimentincluded asingle run of 11 min16 s, employ-
ingablockdesign. Inthefirstandlast10 s of each run, the participants
were shown a fixation. There were six blocks for each condition. Each
block contained five videos, each lasting 5 s, and four inter-stimulus
fixations of 500 ms (see Fig. 5b for the block structure). The par-
ticipants were asked to rate their pleasantness while watching the
video by pressing one of four number buttons (1, very unpleased; 4,
very pleased).

Experiment 6. Experiment 6 collected resting-state fMRI data using
asingle run lasting 8 min. During the fMRI scanning, the participants
were asked to look at a white cross in the centre of ablack screen.

Image acquisition and preprocessing

Structural and functional data were collected using a GE Discovery
MR750 3T scanner at the Magnetic Resonance Imaging Research Center
of the Institute of Psychology of the Chinese Academy of Sciences. For
all experiments, T1-weighted structural images were obtained using
aspoiled gradient-recalled pulse sequence in 176 sagittal slices with
1.0 mmisotropic voxels. From Experiments1to 5, functional BOLD data
were collected using a gradient-echo echo-planar imaging sequence
in42 near-axial slices (repetition time, 2 s; echo time, 30 ms; flip angle,
70°; matrix size, 64 x 64; voxel size, 3.0 mm x 3.0 mm x 3.0 mm).
In Experiment 6, functional BOLD data were collected using a
gradient-echo echo-planar imaging sequence in 33 axial slices (rep-
etitiontime, 2 s;echo time, 30 ms; flip angle, 90°; matrix size, 64 x 64;
voxelsize, 3.5 mm x 3.5 mm x 4.2 mm).

The fMRIdatawere preprocessed using the Statistical Parametric
Mapping software (SPM12; http://www.fil.ion.ucl.ac.uk/spm/) and the
advanced edition of DPARSF v.4.3 (ref. 102) implemented in DPABIv.3.0
(ref. 103). For the preprocessing of the task fMRI data, the first five
volumes of each functional run were discarded to reach signal equi-
librium. Slice timing and 3D head-motion correction were performed.
Subsequently, a mean functional image was obtained for each par-
ticipant, and the structuralimage of each participant was coregistered
to the mean functional image. Thereafter, the structural image was
segmented using a unified segmentation module'**. Next, a custom,
study-specific template was generated by applying diffeomorphic
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anatomical registration through exponentiated lie algebra (DARTEL'®).
The parameters obtained during segmentation were used to normalize
the functional images of each participant into the Montreal Neuro-
logical Institute space by applying the deformation field estimated
by segmentation. The functional images were subsequently spatially
smoothed using a 6 mm full-width-half-maximum (FWHM) Gaussian
kernel for univariate analysis but not for MVPA.

Forthe preprocessing of the resting-state fMRI data, after the same
procedure for univariate analysis, linear trends were removed toreduce
the effects of low-frequency drifts. The effects of nuisance variables,
including 24 rigid head-motion parameters'°*'”’, white matter signal
and cerebrospinal fluid signal, were removed by linear regression from
eachvoxel’'stime course. Temporal bandpassfiltering (0.01-0.1 Hz) was
performed to reduce the effects of high-frequency noises.

Data analysis

For the behavioural analyses and results of Experiments1to 5, please
seethe Supplementary Information (section D) The fMRI data analyses
were all conducted using SPM12 unless specifically stated.

Univariate analysis (Experiments 1, 2, 3 and 5). First-level analysis.
Atthefirstlevel, general linear model (GLM) analyses were performed
to explore the fixed effect of each regressor for each participant. In
Experiments1,2andS5, whichused ablock design, each condition was
modelled asaregressor (Experiment1: HSS, NSS, HSWL, NSWL, HSCL
and NSCL; Experiment 2: HSS, NSS, HSWL and NSWL; Experiment 5:
HS, SPand NS), resultingin six, four and three regressors, respectively.
In Experiment 3, for each of the four conditions (HSHML, HSLML,
NSHML and NSLML), the three stages (encoding, maintenance and
recognition) and thejitter intervals before and after the maintenance
stage were modelled as 4 regressors of interest, resulting in16 regres-
sors. The above regressors were modelled with boxcar waveforms
convolved with the canonical haemodynamic response function. In
addition, for each GLM, six head-motion parameters obtained by
head-motion correction were included as nuisance regressors,and a
high-pass filter (128 s) was used to remove low-frequency signal drift
foreachrun.

Second-level analysis. The estimated S-maps for each regressor
obtained from the first-level analysis were entered into second-level
(between-participant) random-effect analysis. For Experiments
1, 2 and 3, flexible factorial models were applied to accommodate
their multifactor designs (Experiment 1, 2 x 3 within-participant
design; Experiment 2, 2 x 2 within-participant design; Experiment
3,2 x 2 within-participant design for each of the three trial stages).
Contrasts of interest were examined using within-participant
t-tests (two-tailed). For Experiments 1 and 2, the contrasts included
‘[(HSS + HSWL) — (NSS + NSWL)]/ [(HSS + HSCL) - (NSS + NSCL)T’
(the main effect of socialness), ‘[(HSS + NSS) - (HSWL + NSWL)]/
[(HSS + NSS) — (HSCL + NSCL)]' (the main effect of sentence sensitiv-
ity), [(HSS — HSWL) - (NSS - NSWL)]/[(HSS — HSCL) — (NSS - NSCL)I’
(the interaction of socialness and sentence sensitivity) and
‘(HSS — HSWL) / (NSS = NSWL) / (HSS — HSCL) / (NSS — NSCL)’ (the
sentence sensitivity effectin the high-socialness and non-social condi-
tions). For Experiment 3, at both the encoding and maintenance stages,
the contrasts included ‘(HSHML + HSLML) — (NSHML + NSLML)’ (the
main effect of socialness), (HSHML + NSHML) — (HSLML + NSLML)’
(the main effect of cognitive demand) and ‘(HSHML - NSHML) - (HSLM
L-NSLML) (theinteraction of socialness and cognitive demand). For
Experiment 5, after fitting the GLM, contrasts between each two of the
three conditions were computed for every participant. The contrast
images were then entered into one-sample ¢-tests. For whole-brain
analysis, multiple comparison corrections were conducted using
cluster-level family-wise error correction (P < 0.05) as implemented
in SPM12 (voxel-wise P < 0.001).

ROI analysis. We conducted ROl analysis to obtain more precise
information about the involvement of the left vTPJ and IATL in
social-semantic and sentence processing, addressing the issue of
low statistical power caused by multiple comparison correction
in whole-brain analysis. For ROl analysis, we used two methods to
define the left vTP) and IATL areas sensitive to sentences. The first
way was to define the target ROIs on the basis of a previously pub-
lished meta-analysis?. Zaccarella et al.” reported 11 peak Montreal
Neurological Institute coordinates where sentencesinduced reliably
stronger activity than word lists, among which we selected the coordi-
nates of -44 -56 18 and -54 -4 —22 torepresent the left vTPJ and IATL,
respectively. We chose these coordinates because they are the most
consistent with the anatomical positions ‘vTP) and ‘IATL". Inaddition,
these coordinates are very close to the peak coordinates reported
by recently published meta-analyses on social-semantic process-
ing'>*% For each coordinate, the ROl was defined as a 6-mm-radius
sphere centred onit.

The second way to define the target ROIs was based onindividual
data. This method was applicable to Experiments1and 2 because the
task used in these experiments can serve as a localizer for the brain
areas sensitive to sentences. The localizing method was modified
from the method proposed by Fedorenko et al.*. Fedorenko et al.
provided a set of group-constrained masks for the areas involved in
language processing (http://web.mit.edu/evliab/funcloc/). Because the
masks covered broader regions than the left vTPJ and IATL, we over-
lapped the original group-constrained masks with asocial-constrained
map to obtain the neural overlaps between language and social
cognition in the left vTPJ) and IATL. The social-constrained map was
defined by the Neurosynth meta-analysis (neurosynth.org) using
the term ‘social’ as the keyword (association test; false discovery
rate criterion of 0.01). We obtained four overlapping clusters larger
than 100 voxels (voxel size, 3.0 mm x 3.0 mm x 3.0 mm), located in
the left vTPJ, IATL, dmPFC and right vTPJ (which are located within
Fedorenko et al.s group-constrained masks of the left posterior tem-
porallobe, left anterior temporal lobe, left superior frontal gyrus and
right middle-posterior temporallobe, respectively). We therefore used
these clusters as our group-constrained masks, which were used to
define the two targetindividual ROlsin the left vTPJ and IATL and two
supplementary individual ROIs in the other two regions. For each par-
ticipant, the data from the first half of scanning were used to define the
individual ROIs. The group-constrained masks were intersected with
the participant’s unthresholded t-maps of the contrast of ‘sentence >
word-list’ (thatis, HSS + NSS > HSWL + NSWL). (For the supplemental
analysis using character-list conditions as the baseline conditions, the
ROIs were defined using the contrasts of ‘sentence > character-list’
(that is, HSS + NSS > HSCL + NSCL).) For each participant, the 10%
of voxels with the highest ¢ values in each mask were chosen as the
individual ROI', The data from the second half of scanning were
then used to conduct the statistical analyses at the ROl level. We also
defined a control individual ROl in the left dorsal IFG to replicate the
syntactic-driven sentence effect in this area”*, which should not be
influenced by the socialness of sentence meaning. The left dorsal IFG
is the most reliable syntax-sensitive regionin the literature**, and it
has basically no overlap with the social brain. To eliminate the influ-
ence of social-semantic processing on the definition of individual
control ROIs, we defined them by contrasting the NSS and NSWL
conditions on half of the data. We also excluded 85 voxels from the
group-constrained mask of the left IFG (which originally contained
1,014 voxels) due to their proximity to the social-constrained map,
where the distance between them was less than 6 mm. Using an exclu-
sion criterion of 6 mmwas meant to account for the impact of spatial
smoothing on fMRI data. We present the results for the target ROIs
in the main text and those for the supplementary and control ROIs
in the Supplementary Information (Supplementary Figs. 2 and 3 and
Supplementary Tables 7 and 8).
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Inthe ROl analysis, for each participant, the estimated S values for
eachregressor obtained from the GLM analysis were averaged across all
voxels within each ROI. For Experiments1and 2, theinfluence of IESwas
regressed out from the Svalues for each conditionand participant. Spe-
cifically, for each ROI, alinear mixed model was fit to the participant’s
Bvalue using the Ime4 package (version1.1-30)'°’inR (version 4.2.1)"°.
This modelincluded IES as the fixed effect and participantasarandom
factor with only arandom intercept. The residuals were obtained and
then entered into the contrast analysis. All contrasts of interest were
identical to those of the whole-brain analysis and were examined using
both Bayesian and classical parametric ¢-tests (two-tailed) in R. The
Bayesian tests were based on the BayesFactor package (v.0.9.12-4.3)",
with a default Cauchy prior width of r=0.707 for effect size on the
alternative hypothesis (H1)""2. Classical parametric ¢-tests (two-tailed)
were conducted as a supplementary statistic method.

DCM analysis (Experiment 3). We performed DCM analysis in Experi-
ment 3, using DCM12 (ref. 113) in the SPM12 software. The ROIs of the
left vTPJ and IATL were defined as in the ROl analysis of Experiment 3.
Because these tworegions are highly similar in their functional proper-
ties*”, we assumed that experimental input enters the model through
bothregions. We constructed nine models with the two regions, consid-
eringall possible combinations of directional connections and modula-
tions between the two regions—thatis, no connection, only vTPJ-to-IATL
connection, only IATL-to-vTP) connection or bilinear connections,
combined with only intrinsic connection or connection modulated by
social-semanticinputs (Supplementary Fig. 5a). The datafor theencod-
ingand maintenance stages wereinvestigated separately. For each stage,
the nine models, representing nine competing hypotheses, were com-
pared using random-effect Bayesian model selection, and the winning
modelwas defined as the one withthe highest exceedance probability.
We conducted afurther analysis by considering the possibility that
experimentalinput enters the model through the left vTPJ, the left IATL
orboth. This resulted in nine model families, each of which comprised
three different models that shared the same hypothesis about effec-
tive connectivity (Supplementary Fig. 5¢). We calculated the sum of
exceedance probabilities for the three models within each family and
then compared these probabilities across the nine model families.

MVPA (Experiment 4). First-level analysis. In Experiment 4, the
first-level analysis contained two steps. The first step was GLM analy-
sis. We built 8 regressors (corresponding to the 8 different sentences
of our stimuli; Fig. 4b) for the encoding stage of the first sentence, 16
regressors for the encoding stage of the second sentence (correspond-
ingtothe 16 sentence combinations—thatis, HDHT, HDLT, LDHT, LDLT,
HTHD, HTLD, LTHD, LTLD, BFLE, BFSE, SFLE, SFSE, LEBF, LESF, SEBF
and SESF) and 16 regressors for the response stage. These regres-
sors were all convolved with the canonical haemodynamic response
function. In addition, six head-motion parameters were included as
nuisance regressors, and a high-pass filter (128 s) was used to remove
low-frequency signal drift for each run.

The second step was MVPA. We conducted both whole-brain
searchlight MVPA and ROI-based MVPA. All classification procedures
atboth the whole-brain and ROl levels were implemented by the e1071
package™ and custom script in R"°. Whole-brain searchlight analysis
was conducted within a group-based grey mask. To obtain the mask,
the normalized structuralimage was segmented into different tissues
for each participant. The resulting grey matter probabilistic images
were resliced to the same spatial resolution as that of the functional
image, averaged across participants and thresholded at 0.25 to gen-
erate a binary mask for searchlight mapping. For each voxel within
the grey matter mask, support vector machine (SVM) decoding was
conducted within a 5 x 5 x 5 voxel cube centred at that voxel using
the leave-one-run-out cross-validation approach™. For the encoding
stages of both sentences, we trained four classifiers to discriminate the

poles ofthe four dimensions (HD or LD, HT or LT, BF or SF,and LE or SE)
described in the current sentence. For the encoding stages of the sec-
ond sentence, we additionally trained four classifiers to discriminate
the poles of the four dimensions described in the context sentence
(thefirst sentence). Before the SVM decoding was conducted, S values
withinacube were normalized toremove the commonresponse pattern
by subtracting the meanacross the conditions to be discriminated. The
resulting accuracy images were smoothed usinga 6 mm FWHM Gauss-
ian kernel for subsequent second-level statistical analyses.

ROI-based MVPA was conducted within the ROls identical to those
used in Experiment 3. After we fit the GLM, for each regressor of the
encoding stage of the first and second sentences in each run, the esti-
mated S values of all voxels within a given ROl mask were normalized
and concatenated to form an fMRI pattern vector. On the basis of these
fMRI pattern vectors, SVM decoding was conducted to discriminate the
polesof'the four dimensions described in the current or last sentences,
justasinthe whole-brain searchlight cubes.

Second-level analysis. For whole-brain searchlight MVPA, the
second-level statistical analysis was conducted to examine whether
the classification performance for each dimension within each cube
was above the chance level using one-tailed one-sample ¢-tests. For
ROI-level MVPA, the participant-wise bootstrapping method was con-
ducted to obtain the statistical significance of the classification perfor-
mance for each dimension. For eachround of bootstrappingiteration,
the dataset was resampled with replacement to create apseudo-sample
keeping the original sample size, and the mean classification accuracy
ofthegroup was calculated. This procedure was repeated 5,000 times
toformasampling distribution for each classification. The null distri-
bution of each classification was generated by subtracting the veritable
accuracy from the sampling distribution, and the veritable accuracy
was then ranked against the null distribution to calculate the Pvalue.

RSFC analyses (Experiment 6). The RSFC analysis included 15 seed
ROIsintotal,amongwhich2keyROls (thatis, theleftvTPJand IATL) and 9
sentence-processing ROIs were defined on the basis of the meta-analysis
results of Zaccarellaet al.” and 4 social-semantic-processing ROIs were
defined on the basis of the meta-analysis results of Zhang et al.**. For
each pair of seed ROIs, each participant’s mean time series for each
seed ROl was calculated and correlated with each other. The correlation
coefficients were then Fisher-transformed to represent the RSFC. We
conducted two analyses to examine whether the left vTPJ and IATL have
stronger RSFC to the social-semantic or sentence-processing areas. In
the first analysis, for each key ROI, we compared its mean RSFC to the
social-semantic-processing ROIs with that to the sentence-processing
ROIs across participants using both Bayesian and classical parametric
t-tests (two-tailed). In the second analysis, the mean RSFC matrix of
these 15 seed ROIs was transformed back to correlation coefficients
and then applied with k-means clustering to group them into two to
ten clusters. Theideal number of clusters was selected on the basis of
the highest silhouette score.

Reporting summary
Furtherinformation onresearch designis availablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

All data that support the findings of this study are available from
Psychological Science Bank (https://doi.org/10.57760/sciencedb.
psych.00138).

Code availability

Custom code that supports the findings of this study is available from
Psychological Science Bank (https://doi.org/10.57760/sciencedb.
psych.00138).
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advanced edition of DPARSF V4.3 (Yan & Zang, 2010) implemented in DPABI V3.0 (Yan et al., 2016). After preprocessing, all statistical analyses
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Reporting on sex and gender Our findings apply to both sexes and genders. Sex and gender were not considered in our study design. We performed no
sex- or gender-based analyses, because there was no sufficient evidence indicating differences in neural correlates of social
semantic working memory between sexes or genders.

Population characteristics Participants were all right-handed and native Chinese speakers. None of them had experienced psychiatric or neurological
disorders or had sustained a head injury. The sample sizes of Experiments 1, 2, 3, 4, 5 and 6 were 20 (16 women, M age =
22.3 years, SD age =2.3 years), 20 (13 women, M age = 23.5 years, SD age = 1.9 years), 20 (11 women, M age = 21.8 years, SD
age = 2.4 years), 16 (9 women, M age = 24.0 years, SD age = 2.4 years), 20 (14 women, M age = 22.8 years, SD age = 2.7
years), and 39 (28 women, M age = 22.9 years, SD age = 2.2 years), respectively. There were 82 participants in total (56
women, M age = 22.7 years, SD age = 2.4 years).
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Recruitment All participants were recruited online from colleage students in Beijing. Participant should be right-handed and native
Chinese speaker. None of them had experienced psychiatric or neurological disorders or had sustained a head injury. Each
participant read and signed the informed consent form before taking part in the experiments. Due to the college student
participants, the research results may not generalize to other populations (e.g., children).

Ethics oversight Institutional Review Board of the Institute of Psychology of the Chinese Academy of Sciences

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.
Study description This is a quantitative basic research involves human subjects

Research sample Participants were Native Chinese college students in Beijing. There were 82 participants in total (56 women, M age = 22.7 years, SD
age = 2.4 years). The sample sizes of Experiments 1, 2, 3, 4, 5 and 6 were 20 (16 women, M age = 22.3 years, SD age =2.3 years), 20
(13 women, M age = 23.5 years, SD age = 1.9 years), 20 (11 women, M age = 21.8 years, SD age = 2.4 years), 16 (9 women, M age =
24.0 years, SD age = 2.4 years), 20 (14 women, M age = 22.8 years, SD age = 2.7 years), and 39 (28 women, M age = 22.9 years, SD
age = 2.2 years), respectively. College students, commonly used in psychology experiments, are representative of young, healthy
populations, while they may not fully represent other groups (e.g., children).

Sampling strategy Participants were all right-handed and native Chinese speakers. None of them had experienced psychiatric or neurological disorders
or had sustained a head injury. Sample sizes were determined by referencing those of previous fMRI studies on social-semantic and
sentence effects, which have been summarized in two meta-analyses, conducted by Zhang et al.(2021) and Zaccarella et al.(2017)
respectively.

Data collection In all experiments, participants' responses were recorded with a computer, while the ongoing brain activity during the task was
recorded using a MRI scanner. No one was present in the room together with the participants during the experiments. The
researcher was aware of the experimental conditions and the study hypothesis during data collection.

Timing The data collection started July 2019 and ended in September 2021.
Data exclusions No data were excluded from the analyses.

Non-participation No participants declined participation or dropped out.
Randomization Participants were not allocated into experimental groups.
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Magnetic resonance imaging

Experimental design

Design type Experiment 1, 2, and 5 were task state with block design. Experiment 3 and 4 were task state with event-related design.
Experiment 6 was resting state.

Design specifications Experiment 1: there were 6 sessions for each participant; each session contained 24 blocks; each blocks contained 4
trials, lasting 20s in total; the interblock invertal was 10s.
Experiment 2: there were 4 sessions for each participant; each session contained 15 blocks; each blocks contained 4
trials, lasting 24s in total; the interblock invertal was 10s.
Experiment 3: there were 4 sessions for each participant; each session contained 32 trials; each trial lasted 19s in
average; the intertrial invertal was 1.5-4.5s (M = 3s).
Experiment 4: there were 8 sessions for each participant; each session contained 32 trials; each trial lasted 10.2s in
average; the intertrial invertal was 1.3-4.3s (M = 2.8s).
Experiment 5: there was a signle sessions for each participant, containing 18 blocks; each blocks contained 5 trials,
lasting 27s in total; the interblock invertal was 10s.
Experiment 6: there was a single session for each participant to collect resting-state fMRI data, lasting 8 mins.

Behavioral performance measures Experiment 1, 2, 3: We recorded button press (Yes/No) and reaction time. For both accuracy and reaction time, mean
and standard deviation across participants in different experiment conditions were used to establish that the
participants were performed the task as expected.

Experiment 4: We recorded button press to assess task performance. Because there was no theoretically correct
response, inter-subject correlation were used to establish that the participants were performed the task as expected.
Experiment 5: We recorded button press of the pleasantness rating task. This task was set only to ensure that
participants pay attention to the video stimuli. The task of interest was video watching, which does not require any
behavioral response.

Experiment 6: Only resting-state fMRI data were collected and there was no behavioral task.

Acquisition

Imaging type(s) Functional

Field strength 3T

Sequence & imaging parameters From Experiments 1 to 5, functional BOLD data were collected using a gradient-echo echo-planar imaging sequence in
42 near-axial slices (repetition time = 2 seconds; echo time = 30 milliseconds; flip angle = 70°; matrix size = 64 x 64;
voxel size = 3.0 mm x 3.0 mm x 3.0 mm; image type = EPI). In Experiment 6, functional BOLD data were collected using a
gradient-echo echo-planar imaging sequence in 33 axial slices (repetition time = 2 seconds, echo time = 30 milliseconds,
flip angle = 90°, matrix size = 64 x 64; voxel size = 3.5 mm x 3.5 mm x 4.2 mm; image type = EPI).

Area of acquisition A whole brain scan.

Diffusion MRI [ ]Used Not used

Preprocessing

Preprocessing software The fMRI data were preprocessed using the Statistical Parametric Mapping software (SPM12; http://www.fil.ion.ucl.ac.uk/
spm/) and the advanced edition of DPARSF V4.3 (Yan & Zang, 2010) implemented in DPABI V3.0 (Yan et al., 2016).

Normalization For each participant, structural image was segmented using a unified segmentation module (Ashburner & Friston 2005).
Next, a custom, study-specific template was generated by applying diffeomorphic anatomical registration through
exponentiated lie algebra (DARTEL; Ashburner, 2007). The parameters obtained during segmentation were used to normalize
the functional images of each participant

Normalization template MNI305




Noise and artifact removal For the preprocessing of the task fMRI data, the first five volumes of each functional run were discarded to reach signal
equilibrium. Slice timing and 3-D head motion correction were performed. After normalization, the functional images were
spatially smoothed using a 6-mm full-width-half-maximum Gaussian kernel for univariate analysis but not for multivariate
pattern analysis. For the preprocessing of the resting-state fMRI data, after the same procedure for univariate analysis, linear
trends were removed to reduce the effects of low-frequency drifts. The effects of nuisance variables, including 24 rigid head
motion parameters (Friston, Williams, Howard, Frackowiak, & Turner, 1996; Yan et al., 2013), white matter signal, and
cerebrospinal fluid signal, were removed by linear regression from each voxel's time course. Temporal bandpass filtering
(0.01-0.1 Hz) was performed to reduce the effects of high-frequency noises.

Volume censoring None

Statistical modeling & inference

Model type and settings Experiment 1, 2, 3, 5: mass univariate; at the first level, general-linear-model (GLM) analyses were performed to explore the
fixed effect of each regressor for each participant; in addition to regressors of interest, for each GLM, six head motion
parameters obtained by head motion correction were included as nuisance regressors and a high-pass filter (128 seconds)
was used to remove low-frequency signal drift for each run; the estimated beta-maps for each regressor obtained from the
first-level analysis were entered into second-level (between-subject) random-effect analysis.

Experiment 4: multivariate pattern analysis (MVPA); GLM analysis was first performed to obtain results of each regressors;
during GLM analysis, six head motion parameters were included as nuisance regressors, and a high-pass filter (128 seconds)
was used to remove low-frequency signal drift for each run; then MVPA were performed; the results of MVPA were entered
into second-level (between-subject) random-effect analysis.
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Effect(s) tested Experiment 1 and 2: 1) social semantic effect, (HSS+HSWL) - (NSS+NSWL); 2) sentence effects, (HSS+NSS) - (HSWL+NSWL); 3)
interactions, (HSS-HSWL)-(NSS-NSWL); 4) sentence effects in high-socialness conditions, HSS-HSWL; 5) sentence effects in
non-socialness conditions, NSS-NSWL.

Experiment 3: 1) social semantic effect, (HSHML+HSLML) - (NSHML+NSLML; 2) cognitive demanding effects, (HSHML
+NSHML) - (HSLML+NSLML); 3) interaction of socialness and cognitive demand, (HSHML - NSHML) - (HSLML - NSLML).
Experiment 4: classification accuracy, (HD or LD) > 0.5, (HT or LT) > 0.5, (BF or SF) > 0.5, (LE or SE) > 0.5.

Experiment 5: social semantic effect, HS - NS, HS - SP, SP - NS.

Experiment 6: RSFC strength, (RSFC to social-semantic-processing ROIs) - (RSFC to sentence processing ROIs).

For experiment 1, 2, and 3, flexible factorial models were applied to accommodate their multifactor designs.

For all experiments, all contrasts were performed using one-sample t tests.

Specify type of analysis: [ | Whole brain [ ] ROI-based X] Both

We used two methods to define the left vTPJ and IATL areas sensitive to sentences. The first way was to
define the ROIs based on a previously published meta-analysis (Zaccarella et al., 2017). Zaccarella et al.
(2017) reported 11 peak MNI coordinates where sentences induced reliably stronger activity than word
lists, among which we selected the coordinates of -44 -56 18 and -54 -4 -22 to represent the left vTPJ and
IATL, respectively. We chose these coordinates because they are most consistent with the anatomical
positions “vTPJ” and “IATL”. For each coordinate, the ROl was defined as a 6-mm radius sphere centered
on it. The second way to define the ROIs was based on individual data. This method was applicable to
Experiments 1 and 2 because the task used in these experiments can serve as a localizer for the brain
areas sensitive to sentences. The localizing method was modified from the method proposed by
Fedorenko et al. (2010). Fedorenko et al. (2010) provided a set of group-constrained masks for the areas
involved in language processing (http://web.mit.edu/evlab/funcloc/). Because the masks covered
broader regions than the left vTPJ and IATL, we overlapped the original group-constrained masks with a
social-constrained map to obtain the neural overlaps between language and social cognition in the left
VTPJ and IATL. The social-constrained map was defined by the Neurosynth meta-analysis (neurosynth.org;
Yarkoni et al., 2011) using the term ‘social’ as the key word (association test; false discovery rate criterion

Anatomical location(s)

of 0.01).
Statistic type for inference All effects in whole-brain level were tested by one sample t-tests and cluster-wise FWE correction as implemented in SPM12.
(See Eklund et al. 2016) In Experiment 4, ROl-level classification accuracy against chance-level (50% for each classification) was tested by non-

parametric bootstrapping test. In the other experiments, effects at ROl level were tested by null-hypothesis one sample t-
tests (two-tailed) and Bayesian one sample t-tests, simultaneously.

Correction For whole-brain analysis, multiple comparison corrections were conducted using cluster-level FWE correction (p <.05) as
implemented in SPM12 (voxel-wise p <.001). For ROI analysis, multiple comparison corrections were conducted using
Bonferroni correction.

Models & analysis

n/a | Involved in the study
|:| |X| Functional and/or effective connectivity

Xl |:| Graph analysis

|:| |X| Multivariate modeling or predictive analysis

Functional and/or effective connectivity Resting-state functional connectivity (RSFC) using pearson correlation.
There were 15 seed ROIs in total, among which 2 key ROIs (i.e. the left vTPJ and IATL) and 9 sentence-
processing ROIs were defined based on the meta-analysis results of Zaccarella et al. (2017) and 4 social-
semantic-processing ROls were defined based on the meta-analysis results of Zhang et al. (2021). For each




Multivariate modeling and predictive analysis

pair of seed ROls, each participant’s mean time series of each seed ROl was calculated and correlated with
each other. The correlation coefficients were then Fisher-transformed to represent the RSFC. We conducted
two analyses to examine whether the left vTPJ and IATL have stronger RSFC to the social-semantic or
sentence-processing areas. In the first analysis, for each key ROI, we compared its mean RSFC to the social-
semantic-processing ROIs with that to the sentence-processing ROIs across participants using both Bayesian
and classical parametric t-test. In the second analysis, the mean RSFC matrix of these 15 seed ROIs was
transformed back to correlation coefficients and then applied with k-means clustering to group them into 2
to 10 clusters. The ideal number of clusters was selected on the basis of the highest silhouette score.

Features in MVPA were voxel-based beta value of regressors. We conducted both whole-brain searchlight
MVPA and ROI-based MVPA. Whole-brain searchlight analysis was conducted within a group-based gray
mask. To obtain the mask, the normalized structural image was segmented into different tissues for each
participant. The resulting gray matter probabilistic images were resliced to the same spatial resolution as
that of the functional image, averaged across participants, and thresholded at 0.25 to generate a binary
mask for searchlight mapping. For each voxel within the gray matter mask, support vector machine (SVM)
decoding was conducted within a 5 x 5 x 5 voxels cube centered at that voxel using the leave-one-run-out
cross-validation approach (Cortes & Vapnik, 1995). For the encoding stages of both sentences, we trained 4
classifiers to discriminate the poles of the 4 dimensions (HD or LD, HT or LT, BF or SF, and LE or SE) described
in the current sentence. For the encoding stages of the second sentence, we additionally trained 4 classifiers
to discriminate the poles of the 4 dimensions described in the context sentence (the first sentence). Before
the SVM decoding was conducted, beta values within a cube were normalized to remove the common
response pattern by subtracting the mean across the conditions to be discriminated. The resulting accuracy
images were smoothed using a 6 mm FWHM Gaussian kernel for subsequent second-level statistical
analyses.

ROI-based MVPA was conducted within the ROIs. After fitting the GLM, for each regressor of the encoding
stage of the first and second sentences in each run, the estimated beta-values of all voxels within a given ROI
mask were normalized and concatenated to form a fMRI pattern vector. Based on these fMRI pattern
vectors, SVM decoding was conducted to discriminate the poles of the 4 dimensions described in the current
or last sentences, just as in the whole-brain searchlight cubes.

>
Q
Q
(e
=
)
§o;
o)
=
o
=
_
D)
§o)
o)
=
S
Q
wv
(e
=
S}
QD
<L




	A social-semantic working-memory account for two canonical language areas

	Results

	Social meaning drives sentence effects in the left vTPJ and lATL

	Persistent social-semantic activation in the left vTPJ and lATL

	Persistent social-semantic activity during the delay period
	Social-semantic working memory of the last sentence

	Non-linguistic social stimuli activate the left vTPJ and lATL

	The left vTPJ and lATL belong to the social-semantic network


	Discussion

	Methods

	Ethic approval

	Participants

	Designs and procedures

	Experiment 1
	Experiment 2
	Experiment 3
	Experiment 4
	Experiment 5
	Experiment 6

	Image acquisition and preprocessing

	Data analysis

	Univariate analysis (Experiments 1, 2, 3 and 5)
	DCM analysis (Experiment 3)
	MVPA (Experiment 4)
	RSFC analyses (Experiment 6)

	Reporting summary


	Acknowledgements

	Fig. 1 Social meaning drives sentence effects in the left vTPJ and lATL (Experiment 1).
	Fig. 2 Replicating the findings of Experiment 1 using longer and more natural sentential stimuli (Experiment 2).
	Fig. 3 Persistent social-semantic-selective neural activity during the delay period (Experiment 3).
	Fig. 4 Persistent social-semantic-selective neural activity during the processing of successive sentences (Experiment 4).
	Fig. 5 The left vTPJ and lATL are sensitive to the socialness of non-linguistic stimuli (Experiment 5).
	Fig. 6 The left vTPJ and lATL have stronger intrinsic connectivity to the social-semantic-processing areas than to the sentence-processing areas (Experiment 6).




