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ABSTRACT 

Recent investigations have shown that the neural processing of linguistic content may interact with social cognition. Specifically, 
semantic processing, as reflected by the N400 event-related potential, appears to be sensitive to manipulations of Theory of Mind 
(ToM), the ability to attribute mental content to social partners. In this study, we labeled objects for 14-month-old infants either 
correctly or incorrectly (an N400 manipulation), ehiter in the presence or absence of an observer. We found that the N400 response 
was enhanced in the presence (relative to the absence) of the social partner, but only for the incongruent labels. ToM’s role in 
language comprehension has long been proposed, but the outcome that ToM may impact not solely pragmatic but also semantic 
level computations—already at the developmental onset of the N400 response—may warrant a reevaluation of the functional 
organization of the language system. Although a large body of developmental research suggests that language may be a prerequisite 
for ToM, our findings raise the possibility that ToM may play a fundamental role in language acquisition. Linguistic content may be 
processed by a semantic system functioning mentalistically, recovering meaning as intended by communicative partners, which 
could hold the key to the rapid word learning of infants. 
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 Introduction 

any researchers have pointed out the importance of social
nteractions in language development (e.g., Bruner 1983 ; Vygot-
ky 1986 ). This view fits well with the Gricean tradition of
ommunicational pragmatics that emphasizes the role of commu-
icative intentions in the appropriate interpretation of language
Grice 1975 ; Sperber and Wilson 1986 ). Some consider the ability
o attribute intentions, mental states, beliefs, and desires to
ocial partners—i.e., mentalizing or having a Theory-of-Mind
ToM) (Leslie 1994 ; Premack and Woodruff 1978 )—indispensable
or human communication (Tomasello 2008 ) and language
cquisition (Baldwin 1991 , 1993 ; Bloom 2000 ; Macnamara 1972 ;
omasello 2008 ). Others, argue, however, that ToM is optional for
his is an open access article under the terms of the Creative Commons Attribution-NonCommercial-N
s properly cited, the use is non-commercial and no modifications or adaptations are made. 
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communication (Sperber and Wilson 2024 ) or remain deliberately
agnostic about its role (Bohn and Frank 2019 ). Therefore, it
remains an open question what role ToM may play in language
processing and word learning. 

Recent findings on the N400 event-related potential (ERP),
linked to semantic processing (Kutas and Federmeier 2011 ), have
challenged the traditional view that communicative-pragmatic
inferences may take place only following an initial semantic
decoding of language (Grice 1975 ; Reboul and Moeschler 1998 ;
Sperber and Wilson 1986 ). The so-called “social N400” effect
(Jouravlev et al. 2019 ; Rueschemeyer et al. 2015 ; Westley et al.
2017 ) suggests that social cognition may influence semantic
processing. These studies employed a “joint comprehension”
oDerivs License, which permits use and distribution in any medium, provided the original work 
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ask in which participants read classical N400 sentences with
nusual endings (e.g., “The boy had gills”). Participants were
lso made to listen to additional context sentences that should
ave eliminated the N400 by rendering the unusual endings
lausible (Filik and Leuthold 2008 ; Nieuwland and Van Berkum
006 ). When participants read the target sentences together with
 confederate, who did not hear the context sentences, they
till showed an N400. They thus produced an N400 “on behalf
f” their confederate, in response to a semantic incongruency
xperienced not by themselves, but by another person. This effect
as termed the “social N400.” Note that, unlike a typical N400
esponse, the social N400 is not elicited by a semantic processing
oad, although it resembles an N400 in terms of scalp distribution
nd latency and is evoked by linguistic events. 

he social N400 response appears to be sensitive not merely to
eneral social cognition but to mentalistic manipulations proper,
oth in adults (Forgács et al. 2022 ) and infants (Forgács et al. 2019 ,
020 ; Kampis et al. 2025 ). This effect was shown in studies that
nduced a false belief in an observer by replacing an object (e.g., a
hoe) with another (e.g., a bunny), unbeknownst to the observer.
articipants produced an N400 in response to labels that were
ongruent for them (i.e., bunny) but incongruent with the false
elief of the observer. Thus, the N400 appears to be sensitive to the
elief state of an interlocutor, not simply to social-communicative
ontext or to the information asymmetry created in joint com-
rehension tasks. Traditionally, a false belief manipulation is
ssumed to trigger ToM or pragmatic mechanisms and should
ot affect the semantic system directly. Yet, our previous studies
evealed a direct link between false belief manipulation and
exical lookup, suggesting that semantic processes may rely on
entalizing. The present experiment aims to further investigate
he social N400 by breaking down linguistic communication
nto two elemental building blocks: semantic processing and the
resence of a communicative partner. 

here are two intriguing implications of the social N400 find-
ngs. The first concerns the mechanisms underlying the N400,
nd the possibility that it may function mentalistically; the
econd concerns how and when mentalization may contribute
o the comprehension of linguistic meaning during semantic–
ragmatic processing. Regarding the first question, a consensus
s emerging that instead of semantic integration (Hagoort et al.
009 ), the N400 indicates semantic memory retrieval effort
Brouwer et al. 2012 ; Kutas and Federmeier 2011 ; Urbach et al.
020 ; Van Berkum 2009 ): It is always elicited but reduced when
emantic expectancies are met. There is also broad agreement that
emantic computations should not be influenced by pragmatic
perations. Pragmatic processes may run in parallel with other
nterpretative mechanisms (Sperber and Wilson 1986 ), but a
ogical form of the utterance still needs to be computed, even if it is
ot considered semantic in nature, which then serves as an input
o pragmatic inferences (Reboul and Moeschler 1998 ; Sperber
nd Wilson 2002 ). Although we are not firmly committed to
uch a theoretical distinction between pragmatics and semantics,
he N400 has typically been described as reflecting semantic,
ather than pragmatic, mechanisms (Brouwer 2026 ; Canal and
ambini 2023 ; Van Berkum 2009 ). Pragmatic ERPs have mainly
een reported in the time window following the N400 (Canal
nd Bambini 2023 ; Chevallier et al. 2010 ; Noveck and Posada
003 ; Politzer-Ahles et al. 2013 ). Even though there are a few
of 11
reports that the N400 responds to pragmatic-like manipulations,
on a closer look, they do not seem to counter the lexico-semantic
explanation. 

Van Berkum ( 2009 ) proposes that even if the N400 may some-
times seem to elude the lexical retrieval account, it is fundamen-
tally a semantic ERP. Even in these special cases, the relevant
contextual and pragmatic inferences could have been derived
prior to target sentences. The N400 is sensitive to world knowl-
edge, be it real (Hagoort et al. 2004 ) or fictional (Troyer and Kutas
2020 ; Troyer et al. 2020 , 2022 ); to stereotypes of gender (White
et al. 2009 ), age, and social status (Van Berkum et al. 2008 ); and
even to personal values (Van Berkum et al. 2009 ). Importantly, the
relevant pragmatic inferences could adjust semantic expectancies
anticipatorily and beyond the word or sentence level, within a
deep semantic-conceptual layer (Rabovsky et al. 2018 ; Rabovsky
et al. 2024 ). However, Van Berkum’s account still faces difficulties
explaining why the N400 is sensitive to the valence of words (Holt
et al. 2009 ), to accentuation (Li et al. 2008 ), or to hesitations
(Corley et al. 2007 ), which do not seem to involve pragmatic–
social–cognitive inferences either. It may be argued that all of
them are some sort of contextual effects, but context, when
used so broadly, is not specific to the N400. Instead, contextual
integration modulates the P600 (Brouwer et al. 2012 ), just like
implicatures (Noveck and Posada 2003 ; Politzer-Ahles et al. 2013 ),
contrastive accent (Chevallier et al. 2010 ), or irony (Regel et al.
2011 ), marked by prosody (Regel and Gunter 2017 ). When commu-
nicative intentions can be identified for speech acts (requesting
vs. naming), such a (pragmatic) context impacts processing
already around 120–150 ms (Egorova et al. 2013 ; Tomasello et al.
2019 ). Even if one subscribes to the idea that the N400 responds
to hesitation, accentuation, or valence as “context,” the joint
comprehension N400 (Rueschemeyer et al. 2015 ) still does not fit
the picture. It requires a contextual subtraction , not an addition:
The confederate receives less information than the participant,
yet participants produce an N400 as if they did not have the infor-
mation either. In other words, the predictive state of the semantic
system would need to be reset instead of enriched by (social)
context. Using the notion of context in such a broad sense washes
away the distinction between semantics, pragmatics, and the
semantic–pragmatic interface (Moeschler 2018 ; Schlenker 2016 ). 

Importantly, the false belief social N400 paradigm (Forgács et al.
2019 , 2022 ) posed no semantic processing demands, because
objects were always labeled correctly from the participants’ per-
spective. Consequently, there was no need for semantic memory
retrieval effort. Moreover, it required no pragmatic inferences
either—contextual, logical, or social—because tracking the belief
state of a social partner is not an inference but an attribution.
Since the manipulation concerned false beliefs exclusively, the
results raise the possibility that the N400 may reflect ToM
mechanisms. 

Even though the joint comprehension experiments manipulated
the amount of information participants needed to evaluate when
attending to the comprehension of a confederate, and neither of
these studies provided direct evidence for mentalization, they still
offered it as an explanation in some form. Rueschemeyer et al.
( 2015 ) suggest that the social N400 reflects a “mirroring mecha-
nism”: Keeping track of another person’s interpretation is similar
to keeping track of our own interpretation. Jouravlev et al. ( 2019 )
Developmental Neurobiology, 2026
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xplain the effect as indicative of “emphatic confusion” and talk
bout perspective taking and representing and modeling other
inds. However, because these studies are built on inverting the
ontextual attenuation of the N400 (Filik and Leuthold 2008 ;
ieuwland and Van Berkum 2006 ), the joint comprehension
indings are exposed to non-mentalistic explanations, based on
ome kind of pragmatic and/or semantic–contextual predictive
echanisms. 

n contrast, we argue that the above diverse N400 effects that
o not lend themselves easily to a classical semantic memory
ccount could gain a unified explanation if one assumes that the
emantic system producing the N400 functions mentalistically
Forgács 2024 ). Semantic predictions may be generated based
n informative intentions (Sperber and Wilson 1986 ) attributed
o the speaker. The false-belief social N400 paradigm (Forgács
t al. 2019 ) required neither semantic processing nor pragmatic
nferences—only mentalization. These considerations provide a
entalistic explanation not only for the false-belief N400 but
lso for other, seemingly paradoxical N400 results, including the
ocial-presence N400 (Forgács et al. 2022 ). 

his leads to the second implication: Whether mentalization is
 necessary part of language comprehension and acquisition.
hile Neo-Griceans remain “deliberately agnostic” about ToM
Bohn and Frank 2019 ), Post-Griceans argue that mentalization is
erely an optional input to pragmatic computations (Mazzarella
nd Noveck 2021 ; Sperber and Wilson 2024 ), which are carried
ut by a dedicated pragmatic module (Pléh 2000 ; Sperber and
ilson 2002 ), separate from ToM (Bosco et al. 2018 ). Despite the

arge body of research into communicative intentions (Bloom
997 , 2000 ; Brooks and Meltzoff 2008 , 2013 ; Brown-Schmidt et al.
008 ; Clark and Brennan 1991 ; Csibra 2010 ; Macnamara 1972 ;
artin et al. 2012 ; Nadig and Sedivy 2002 ; Nilsen and Graham
009 ; Sabbagh and Baldwin 2001 ; Tomasello 2008 ; Vouloumanos
t al. 2014 ), it remains mostly underspecified when, how, and
hich specific beliefs may be attributed, if at all, during the
rocessing of informative intentions or meaning as intended. The
entalistic social N400 experiments made some steps in this
irection when they showed that the semantic system responds to
articular (false) belief states, that is, the mental content of social
artners. 

imilarly, the field of cognitive development has also been
rappling with the relationship between ToM and language.
s ToM seemed to come online only around 4 years of age
Perner et al. 1987 ), ToM researchers suggested that language
evelopment may be a prerequisite for ToM (de Villiers 2000 ; de
illiers and de Villiers 2000 ; de Villiers and Pyers 2002 ; Harris
t al. 2005 ; Helming et al. 2014 ; Milligan et al. 2007 ; Olson
988 ; Rubio-Fernandez 2021 ; Ruffman et al. 2003 ). However,
his line of research equated ToM with what explicit, verbal
asks measure. Implicit paradigms have found that already 6–
-month-old infants exhibit ToM (Kampis et al. 2015 ; Kovács
t al. 2010 ; Scott and Baillargeon 2017 ; Southgate and Vernetti
014 ). Despite attempts to explain these findings away (Apperly
nd Butterfill 2009 ; Heyes 2014 ; Tomasello 2018 ) and concerns
bout their replicability (Baillargeon et al. 2018 ; Dörrenberg et al.
018 ), an accumulating body of evidence cannot be accounted
or without assuming adult-like, meta-representational ToM in
evelopmental Neurobiology, 2026
infancy (Kampis and Kovács 2022 ; Király et al. 2018 , 2023 ;
Kovács et al. 2021 ). The false belief social N400 studies (Forgács
et al. 2019 , 2020 ) fit this pattern by revealing that preverbal 14-
month-old infants can attribute semantic representations that are
in a semantic-propositional computational format suitable for
adult-like ToM. 

The present study aims to explore the mentalistic manipulations
engaging the semantic system of 14-month-olds (Forgács et al.
2019 , 2020 ). In adults, the N400 appears to be sensitive to
two layers of mentalization: a spontaneous tracking of com-
prehension, elicited by social presence, and a more strategic
tracking of miscomprehension due to false beliefs, which is
apparent only upon explicit instructions (Forgács et al. 2022 ). Our
question here is whether the mere presence of another person
has an impact on semantic processing at 14 months of age, at
the developmental onset of the N400 (Friedrich and Friederici
2005 , 2008 ). We labeled objects correctly or incorrectly for 14-
month-olds in the presence or absence of an adult. Note that
our manipulation did not require increased semantic processing
or additional pragmatic inferences between the two conditions
of social presence versus absence. If the social-presence N400
in adults (Forgács et al. 2022 ) is due to extensive conversa-
tional routine in social-communicative interactions, we may not
observe it in 14-month-olds, who have more limited experience
in linguistic-communicative exchanges compared to adults. If
social presence primarily activates social-cognitive systems that
process pragmatics and/or mentalization, which then co-activate
the semantic system, we may expect to observe both an N400
and additional ERPs indicative of these mechanisms. However,
if solely an enhanced N400 response is apparent, accompanied
by no additional ERPs, it may suggest that the semantic system
recovers meaning through mentalistic attributions even when no
false beliefs necessitate ToM processes. 

2 Materials and Methods 

Infants were seated on their caregiver’s laps in a dimly lit room.
They were presented with short videos in which familiar objects
were placed on a table and named, while an adult in the video
either appeared seated on the other side of the table or was absent.
We ran two experiments to limit the number of conditions for
each infant to two. In Experiment 1, objects were labeled correctly
in the presence or absence of an observer. In Experiment 2, objects
were labeled incorrectly in the presence or absence of an observer
(Figure 1 ). We treated these two experiments separately because
of repetition attenuation effects on ERPs: The N400 response is
reduced by repeated exposure to linguistic incongruency. Conse-
quently, comparing an experiment employing only incongruent
labels to another with only congruent labels cannot be expected to
yield an N400 difference. In fact, such block designs are typically
not suitable for, and are avoided in, ERP research. The reason
we paired the social presence versus alone conditions within
experiments is because this contrast is the comparison of interest
of our study, whereas the infant N400 response is a relatively
well-established and replicated effect in 14-month-olds (Forgács
et al. 2019 ; Friedrich and Friederici 2005 , 2008 ; Kampis et al. 2024 )
and even in 9-month-olds (Junge et al. 2012 ; Parise and Csibra
2012 ). 
3 of 11
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FIGURE 1 Experimental paradigms of the two experiments. Objects were labelled either in the presence or absence of an observer: Always correctly 
in Experiment 1 and always incorrectly in Experiment 2. 
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.1 Participants 

e tested 14-month-old infants ( + / − 2 weeks), with 20 infants
articipating in Experiment 1 and 20 in Experiment 2. All of them
ere full-term, typically developing, Hungarian monolingual
abies (hearing any other languages < 15% of the time, according
o parental report). Upon arrival, caregiver(s) were informed
bout the experiment and their written informed consent was
btained. In Experiment 1, infants’ ages ranged between 412
nd 437 days, M (SD) = 421.3 (7.85) days, eight of them were
emale. In Experiment 2, ages ranged between 410 and 440 days,
 (SD) = 428.4 (8.83) days, with 15 females. Additionally, 36
abies did not complete the study due to fussiness or crying and
0 infants were excluded due to technical error (e.g., computer
alfunction, camera disconnected). A further 86 babies were
xcluded because they did not produce at least 10 artifact-free
rials per condition (Stahl et al. 2010 ); another 16 babies had
0 good trials per condition, but their grand average ERPs were
oo noisy (did not show ERP indicators of acoustic processing);
nd two infants were excluded, because they fell outside the age
ange. All rejection were done in batch before statistical analyses
ere conducted. Taken together, we reached a 21% inclusion
ate, which is comparable to studies testing 14-month-olds in
imilar paradigms (Forgács et al. 2019 , 2020 ). It is important to
ote that exclusion was not based on any cognitive or perceptual
bilities relevant to our research question (e.g., working memory,
anguage comprehension, mentalization, or social cognition) but
as due to fussiness and most of all, noise driven by eye-
ovement patterns that were entirely natural and normal. The
act that there were two eye-catching stimuli on the screen
imultaneously, a person looking in the camera and an object to
e labeled, gave rise to frequent eye-movements during labeling
vents, which led to a large number of excluded trials. Although
e believe infants were not excluded in any systematic way that
ould have interfered with the goals of our study, we cannot rule
ut the possibility that some cognitive developmental factors may
ave played a role. 

.2 Stimuli 

e recorded 15 short videos showing a table in front of a white
all, with one of 15 objects placed in the middle of the table.
nother 15 video clips featured a single female experimenter
of 11
seated in front of the wall and behind the exact same table, on
which the same objects were placed, one at a time. Each video
started with an object already present, the experimenter noticing
it by briefly looking at it for about ∼ 2 s and then looking neutrally
into the camera. After about ∼ 2 s an audio label was played back,
which lasted for about 300–500 ms. The scene remained visible
on the screen for another 3–4 s. Each video lasted about 7–8 s.
We used 15 objects known to our target age group (Forgács et al.
2020 ; Parise and Csibra 2012 ): apple, ball, banana, book, bunny,
car, cat, cup, dog, duck, phone, shoe, sock, spoon, and teddy (toys
and real-world objects). Object labels were the corresponding
Hungarian words, audio recorded separately and played back
either congruently or incongruently with the visible object. In
addition, we recorded auditory attention getter exclamations (e.g.,
Look what I am showing! and How interesting!), and we also used
various short attention getter videos, all of which could be played
back on demand during the experimental session. 

2.3 Experimental Procedures 

Upon arriving to the lab with their family or caregiver, infants
were invited to a warm-up playtime to familiarize them with
the lab and the experimenters. After putting the EEG cap on,
infants were seated on their caregiver’s laps in a dimly lit, sound
attenuated and electrically shielded EEG lab room in front of a
computer screen, where videos were presented. Caregivers were
requested not to look at the screen to avoid involuntary reactions
to events and limit their interactions with their child to soothing if
necessary and were provided with headphones playing soft music
in order to avoid influencing infants’ reactions. 

Infants were randomly assigned to participate either in Exper-
iment 1 or Experiment 2. The video stimuli were played back
by the experimenter trial by trial, who also controlled the EEG
system and followed events from a neighboring room via a video
feed of infants’ faces. Attention getter videos and audios were
played back on demand and short breaks were introduced in
case the infant became fussy or inattentive. In Experiment 1, all
labels were correct; in Experiment 2, all labels were incorrect. The
within-experiment manipulation was the presence or absence
of an adult in the video during object labeling events, whereas
the between-experiment manipulation was label congruity. The
experiments lasted as long as infants maintained their attention,
Developmental Neurobiology, 2026
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r up to a maximum of 150 trials, corresponding to about
0 min of EEG recording. On average, infants saw 45 trials in
he social absence and 52 in the social presence condition in
xperiment 1, and 47 in the social absence and 51 trials in the
ocial presence condition in Experiment 2. Individual pseudo-
andom stimulus lists were generated for each participant using
ython 3.6 (Python Software Foundation, Beaverton, Oregon,
SA), which ensured that no more than two consecutive trials
elonged to the same condition (social presence vs. absence), that
o object or label appeared repeatedly in four consecutive trials,
nd that in Experiment 2, where labels were all incorrect, no
otential priming may occur: Incongruent labels were selected
o as not to be related to the visible object—for example, not
eferring to category members (“duck” not labeling a bunny),
esembling it neither visually (“ball” not labeling an apple),
or phonologically (the word kanál “spoon,” not labeling kacsa
duck,” which share the same first phoneme in Hungarian). After
he EEG recording session, infants received a small gift toy to
hank them for their participation, and caregivers were informed
bout all the details of the experiment and given the opportunity
o ask questions. The experimental session typically lasted about
 h. 

.4 EEG Recording and Data Processing 

e obtained a continuous EEG signal with EGI Magstim’s saline-
ased EEG system, suitable for infants, using Net Station 4.5.1
oftware. We recorded raw EEG data with 128-channel Hydrocel
eodesic Sensor Nets (HCGSN) at 500 Hz sampling rate. For
ata processing, we used an offline bandpass filter between 0.3
nd 30 Hz, segmented data 200 ms before and 1200 ms after
ord audio playback onset, and ran Net Station’s default auto-
atic artifact detection algorithms for blinks, eye-movements,
nd bad channels. The default settings were the following: A
hannel was marked bad if the difference between the minimum
nd maximum amplitude value within a segment exceeded the
hreshold of 200 mV, using a moving window of 80 ms; a trial
as marked for blinking if the difference between the minimum
nd maximum values over eye-channels exceeded 140 mV, using
 moving window of 80 ms; a trial was marked for eye-movements
f the difference between the minimum and maximum values
ver eye-channels exceeded 55 mV, using a moving window of
0 ms. We then visually checked the EEG data and compared
t with the video recording for any additional disturbances not
icked up or misidentified automatically. After artifact rejection,
n average, 18/45 and 16/52 trials per infant were included in
xperiment 1 and 21/47 and 16/51 trials remained in Experiment 2
n the absence and in the presence conditions, respectively. Next,
ad channels were replaced by interpolation, segments were
veraged by condition, baseline corrected to 200 ms pre-stimulus
aseline, and re-referenced to the average reference. Individual
RP averages were further checked for basic characteristics of
coustic ERPs: (1) a flat, zero average baseline, ensuring that the
wo ERP conditions started from the same amplitude ( ∼ 0 µV) at
timulus onset; (2) a slow, slight positive deflection frontally and
 slow, slight negative deflection parietally (given that we used an
verage re-referencing); (3) ERPs to the two conditions showing
 comparable overall morphology. For statistical analyses we
xtracted amplitude values over a parietal Region-of-Interest
ROI) consisting of 13 electrodes (62, 65, 66, 67, 70, 71, 72, 75, 76, 77,
evelopmental Neurobiology, 2026
83, 84, and 90) between 400 and 600 ms, typical for infant N400,
and a frontal ROI of 13 electrodes (3, 4, 5, 9, 10, 11, 12, 15, 16, 18,
19, 22, and 23) between 300 and 500 ms (based on Forgács et al.
2020 ). All raw EEG data are available at osf.io/2pmh9 . 

3 Results 

The ERP results are shown in Figure 2 . First, we compared
individually averaged ERP data recorded in the infant N400 time
window (400–600 ms), over the parietal ROI in response to the
social absence and the social presence conditions using a paired
t -test. In Experiment 1 (congruent labels) we found no significant
difference between the two conditions, t (19) = 1.22, p = 0.24,
d = 0.27. We did find, however, a greater negativity in the social
presence relative to the social absence condition in Experiment 2
(incongruent labels), t (19) = 3.64, p = 0.002, d = 0.82 (achieved
power = 93%). 

In addition, we tested whether a frontal ERP response showed
up as in our previous false belief social N400 experiments
(Forgács et al. 2019 , 2020 ). We found no statistically significant
differences in the 300–500 ms time window for either Experiment
1, t (19) = 1.10, p = 0.286, d = 0.25, or Experiment 2, t (19) = − 1.58,
p = 0.130, d = − 0.35. Exploratorily, we also tested whether there
is a frontal effect between 400 and 600 ms, as visual inspection
hinted at one, but found no statistical evidence ( p s > 0.37). 

Although the samples in the two experiments were not balanced
between females and males, excluding the last five males to arrive
to the lab from Experiment 1 or the last five females to arrive
from Experiment 2 did not change the pattern of results. Taken
together, we found an N400-like response to social presence, but
only when labeling was incongruent (Experiment 2), whereas
there was no indication of any frontal response. 

4 Discussion 

In this study, we set out to investigate the role mentalization may
play in language comprehension in preverbal infants. We created
an experimental paradigm to study the elemental components
of linguistic interactions: Whether the mere presence of another
person influences semantic processing. We presented and labeled
objects for 14-month-olds in the presence or absence of an adult
observer. Word labels elicited an enhanced ERP response when
another person was present, exactly in the time window (400–
600 ms) and at a scalp distribution (centro-parietal, slightly
skewed to the right) typical for an infant N400, an established
indicator of semantic processing (Kutas and Federmeier 2011 ).
This response appears to be employed strategically, not automat-
ically, as it was present only when object labels were incorrect,
not when they were correct. These findings shed new light
on how semantic processing, pragmatic mechanisms, and ToM
come together during language comprehension in social contexts.
Infants’ semantic system appeared to be sensitive to mentalistic
manipulations right at the developmental emergence of the
N400, a neural indicator of adult-like semantic comprehension.
Importantly, the social presence manipulation did not require
additional semantic processing, and yet infants’ semantic system
5 of 11
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FIGURE 2 Social presence N400 effect. Upper panel shows topographical difference maps of within-subject conditions separately for Experiments 
1 and 2 in the 400–600 ms time window. Cold colors indicate more negative amplitudes, warm colors more positive ones. Colored rings mark the frontal 
and parietal ROIs over which statistical analyses were carried out. Lower panel shows ERPs averaged over the two ROIs. Negative is plotted upwards. 
Light blue shadings indicate the 400–600 ms time window of the infant N400. The topographic distribution of the social presence N400 effect in the 
incongruent labeling experiment (upper left) noticeably resembles the distribution of the typical N400 response: centro-parietal, slightly skewed to the 
right. No other significant effects were observed. ROI, Region-of-Interest. 
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ctivated when comprehension perspectives with a social partner
ight have diverged. 

t may be argued that the enhanced N400 response in the
resence of another person in Experiment 2 is not indicating
of 11
mentalistic processes, just some sort of general social cognitive
mechanism, for example, social facilitation. This explanation can,
however, be excluded, as because if social facilitation drove the
effect in Experiment 2, it should have shown up in Experiment 1
as well. It is also rather challenging to explain the above results
Developmental Neurobiology, 2026
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ia pragmatics, in the sense of extra-linguistic inferential mech-
nisms (Noveck, 2018 ; Noveck and Sperber 2004 ; Sperber and
ilson 1986 ) and/or of social cognition (Bohn and Frank 2019 ),
evoid of mentalization. First, ERPs linked to social-pragmatic
echanisms, like the P600, show up after, not before semantic
nalysis in the N400 time window (Canal and Bambini 2023 ; Van
erkum 2009 ). It is true that pragmatic factors may set up the
ommunicative context, for example, for speech acts, which may
ead to early pragmatic effects (Egorova et al. 2013 ; Tomasello et al.
019 ). However, our simple experimental paradigm does not seem
o warrant productive pragmatic inferences to derive because
here is no additional social and/or contextual information that
ould be utilized for them: There is no other object or person
n the scene, and so on. Even if social presence is treated as
uch a pragmatic factor, it is not clear what pragmatic inference
ay be derived from it? We would argue that social presence in
nd of itself does not warrant productive pragmatic inferences.
econd, these unspecified pragmatic mechanisms would need
o subtract rather than enrich information if one assumes that
he N400 is linked to some kind of expectancy. The N400
s thought to be elicited by default and reduced if expectan-
ies are met, but it is unclear how social presence induced
ragmatic inferences should reduce expectancies? Pragmatic
nferences do not seem to provide a strong explanation for our
ata. 

n a closer look, the current social presence paradigm posed
either lexico-semantic nor pragmatic-inferential processing
emands. Under a mentalistic account the (less reduced) N400 in
xperiment 2 could indicate a heightened activation of a broader
et of elements in semantic memory because of the attribution of
iscomprehension to the other person, over and above the mis-
omprehension by the self. Such enhanced semantic activation
ould boost preparation for potentially ensuing communicative
nteractions in infants and adults alike (Forgács et al. 2022 ).
his is important from a communicative perspective, because
nterlocutors need to agree on label-referent pairs if they wish to
ustain communication with each other. 

uch tracking does not seem to be necessary for infants when
abels correctly match their referents, in contrast to adults
Forgács et al. 2022 ), because we did not observe a social-presence
400 in Experiment 1. This outcome suggests that infants’
emantic system does not engage in mentalistic processes when
hey assume that they fully share the observer’s experience of
omprehension. Similar to the findings of Király et al. ( 2018 ),
f there is no reason to create an extra representation for the
ther, a computationally efficient ToM system may ration neural
esources. Instead of attributing true beliefs, it may suffice to
ustain a single, socially normative belief that may be assumed to
e shared (Király et al. 2018 , 2023 ). When the label is incongruent,
owever, perspectives may diverge, and a shared belief would
ot suffice to track the communicative situation. A linguistic
ncongruity may create a greater communicative ambiguity; thus,
dditional representations and a broader set of semantic elements
or possible alternative continuations may need to be activated.
he ability to entertain the possibility that another listener may
ave a different interpretation for contextually predictable words
s well may emerge only with conversational experience in
inguistic interactions. Future studies are necessary to test this
dea. 
evelopmental Neurobiology, 2026

i

The appearance of the social presence N400 in 14-month-
olds, right at the developmental onset of the N400 (Friedrich
and Friederici 2005 , 2008 ), is quite remarkable. The fact
that infants’ semantic system produces both a social-presence
N400 and a false-belief social N400 (Forgács et al. 2020 ,
2019 ) suggests that when the semantic processor comes fully
online during the course of development, it is just as sen-
sitive to multiple levels of mentalistic manipulations as in
adults. 

The finding that the social presence effect manifested as an N400
with no accompanying frontal ERP effect may have important
implications for the neural organization of the semantic system.
Note that we found a frontal effect in our prior false belief
N400 studies, when an observer had a false belief at the time
of labeling events (Forgács et al. 2019 , 2020 ), which was not
the case in the present experiments. On a classical account, the
language network (Binder et al. 1997 ; Fedorenko et al. 2010 ) has
been suggested to be independent of other cognitive systems,
including arithmetic, music, working memory, and cognitive
control (Fedorenko and Varley 2016 ), as well as ToM (Fedorenko
et al. 2024 ; Shain et al. 2023 ). Some neural clusters of social
cognition have been found to be correlated with language related
terms but it could have been due to the linguistic expressions
of mentalization concepts (Schurz et al. 2020 ). A recent study
reported that the ToM and language networks were correlated
more strongly within themselves than with one another (Paunov
et al. 2019 ): They seem functionally distinct yet synchronized—
at least when probed with classical tasks. However, prior to their
analysis, Paunov and colleagues removed regions overlapping
between the two networks (7%–8% in area), arguing that their
goal was to measure internetwork synchronization. In doing so,
they may have removed not only regions that could have revealed
whether the networks are not separate, but also parts that may
play a key role in the functioning of either of them. Moreover,
in a hierarchical cluster analysis, the left angular gyrus, which
they assigned to the language network, still grouped with the
ToM network. This region is not only contralateral to the right
temporo-parietal junction, a key area of mentalization (Mar 2011 ;
Schurz et al. 2014 , 2020 ), but also at Wernicke’s area, a neural
generator of the N400 (Federmeier and Laszlo 2009 ; Lau et al.
2008 ; Van Petten and Luka 2006 ). It may not be by chance that
precisely the angular gyrus stood out in a later study as well,
which also implied the right hemisphere homologues of language
areas in ToM (Shain et al. 2023 ). The right hemisphere is thought
to play a crucial role in situating language in its social context
(Van Lancker Sidtis 2006 )—in other words, in the communicative
intentions of speakers. More importantly, just because classical
ToM tasks do not engage a narrowly defined language network
(Fedorenko et al. 2024 ), the semantic system may still function
mentalistically. 

Importantly, it is not clear how the two networks may be
“synchronized” (Paunov et al. 2019 ) for the social presence N400
effect to emerge. A linguistic input would need to trigger the ToM
system, which should either produce a neural signature identical
with the N400 in timing and distribution, or immediately trigger
back the semantic system for an N400 to emerge. Given that
the N400 is sensitive to a host of semantic factors, such as word
frequency or associations (Laszlo and Federmeier 2011 ), and is
thought to be non-post-lexical (Deacon et al. 2000 )—that is,
7 of 11
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redictive yet bottom-up—the N400 being controlled by the ToM
ystem does not seem highly plasuible. 

 perhaps more plausible, even if unusual, explanation of our
indings is that the semantic system may function in a mentalistic
anner (Forgács 2024 ). Meaning could be computed as intended
nd/or as comprehended by communicative partners, based on
he mental content attributed to them. The semantic system may
ven have originated and specialized from, and still function
s, one of many ToM systems. It could take into consideration
oth the linguistic characteristics of the input and the beliefs of
ommunicative partners. 

n conclusion, our finding that 14-month-olds produce an
nhanced N400 response to incongruent word labels in the
resence of another person raises the possibility that the semantic
ystem may be mentalistic in nature. The importance of grasp-
ng attention (Baldwin 1991 ; Baldwin and Markman 1989 ) or
ntentions (Bloom 1997 , 2000 ; Macnamara 1972 ) in word learning
as been emphasized before. However, our results hint at the
ttribution not of attention but of beliefs, and not for referent
esolution but as mental content per se. These findings may foster
 reevaluation of the relation between semantics, pragmatics, and
oM in word learning. 
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