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What representational similarity analysis reveals about the
neural architecture of lexical semantics

Leonardo Fernandino

Medical College of Wisconsin, Milwaukee, USA

How is word meaning represented in the brain? This talk will discuss a series of functional
neuroimaging and behavioral studies by my group on the representational content and neural
architecture of lexical semantics. These studies indicate that word meaning is encoded primar-
ily in terms of experiential information, that categorical structure is a secondary, emergent
property of the system, and that distributional semantic models based on word co-occurrence
statistics only align to empirical data to the extent that they reflect experiential information.
Challenging the idea that lexical concepts are stored or integrated in a single hub in the anterior
temporal lobe, our neuroimaging results reveal a widely distributed network of cortical hubs
that jointly, but differentially, contribute to the representation of distinct conceptual categories.

Leonardo Fernandino is a cognitive neuro-
scientist investigating language processing
and concept representation. He uses func-
tional neuroimaging and brain stimulation
in combination with cognitive task manipu-
lations to understand how these processes
are implemented in the brain and how they
relate to knowledge representation in artifi-
cial intelligence systems. Dr. Fernandino
went to the University of California Los
Angeles for his PhD, where he studied
semantic language processing using fMRI
and event-related potentials (N400). Fol-
lowing postdoctoral fellowships at the Uni-
versity of Chicago and the Medical College
of Wisconsin (MCW), he became a faculty
member in the MCW Department of Neurol- Photo: Private.
ogy, with secondary appointments in Bio-

medical Engineering and Biophysics. His

research is supported by the U.S. National

Institutes of Health.




Meaning first, structure on demand: Degeneracy and the dual
architecture of the linguistic brain

Giosu¢ Baggio

Norwegian University of Science and Technology, Trondheim, Norway

Writing in 1967, Lenneberg described language as “a unique, single ‘machine’ that runs its own
course like an automaton.” This view of language as a unitary mechanism has guided decades
of research, but newer linguistic, psycholinguistic, and neurolinguistic evidence points in a
different direction. Drawing on the biological principle of degeneracy — the capacity of struc-
turally distinct elements to perform the same function — I argue that the human language sys-
tem is not unitary but dual: two ‘streams’ that differ in their internal representations, modes of
operation, and neural substrates, yet process the same inputs and can produce the same or sim-
ilar outputs. One stream derives meaning autonomously, without recourse to syntactic compu-
tation, while the other builds grammatical structure on demand. Both are normally engaged,
but the balance between them shifts as a function of internal and external factors. I will present
experimental and computational evidence for this model, and show how it reframes classical
questions such as: What triggers syntactic structure building? What are the scope and limits of
compositionality? And what does this dual architecture reveal about the evolutionary origins
and developmental trajectory of language?

Giosué Baggio is Professor of Psycholin-
guistics at the Norwegian University of Sci-
ence and Technology (NTNU), where he co-
directs the Language Acquisition and Lan-
guage Processing Lab. His research focuses
on how linguistic meaning is represented
and processed in the mind, brain, and by
computers. He has written about these top-
ics in Meaning in the Brain (MIT Press,
2018) and Neurolinguistics (MIT Press,
2022). He studied philosophy at the Univer-
sity of Pavia, logic at the University of Am-
sterdam, and cognitive neuroscience at the
Donders Institute in Nijmegen, and held
positions at the Max Planck Institute for
Psycholinguistics and SISSA Trieste before i_

Jjoining NTNU. Photo: Elin Iversen, NTNU.




A unified account of bilingual language processing

Esti Blanco-Elorrieta

New York University, New York, USA

Bilingual speakers routinely use two languages to communicate, and how the brain organizes
and selects between them remains a central question in neurolinguistics. In this talk, I argue
that bilingual language use does not rely on two independent language systems but instead
emerges from a single integrated architecture shaped by experience across languages. I begin
by examining code-switching, one of the most visible behaviors of bilingual speakers, which
reveals how flexibly the language system adapts to communicative context. I then present new
behavioral and neuroimaging evidence at the morphological and conceptual levels showing
that bilinguals recruit shared grammatical mechanisms across languages and develop conver-
gent conceptual representations shaped by language experience. Together, these findings
support a model in which language selection emerges from activation dynamics operating over
an integrated representational system.

Esti Blanco-Elorrieta is an Assistant Pro-
fessor of Psychology and Neural Science at
New York University. Their research seeks
to build a comprehensive model of the neu-
robiology of language by integrating evi-
dence from monolingual and multilingual
speakers. They combine neuroimaging,
computational, and behavioral methods
with theoretical perspectives from linguis-
tics, psychology, and neuroscience. Dr.
Blanco-Elorrieta earned their PhD from
New York University and completed post-
doctoral training at Harvard University. In y
2019, they were named to Forbes 30 Under ' Photo: Private.
30 in Science, and in 2025 they received the

Society for the Neurobiology of Language

Early Career Award.
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Reading and brain microstructure: Heritable and experience-
driven factors

Mikael Roll
Lund University, Lund, Sweden

Reading acquisition builds on interacting phonological and semantic skills. However, the cor-
tical microstructure supporting these traits remains unclear. This contribution reports a multi-
modal cortical parcellation (Glasser et al., 2016) and diffusion analysis in 1,096 participants
from the Human Connectome Project, including a genetically informed twin subsample (Van
Essen et al., 2013). The analysis focused on the core areas of word processing in the auditory
cortex and anterior temporal lobes (ATL) (Roll, 2024), including standard genetic twin model-
ing (Neale & Cardon, 1992). Both auditory and anterior temporal subregions were identified
as predictors of oral reading scores. In the left auditory cortex, myelin in a paralemniscal (belt)
area showed heritable associations with reading, whereas thickness in the lemniscal (core)
region reflected experience-dependent contributions. Bilateral ATL surface areas were genet-
ically associated with reading and predicted semantic performance, providing cortical evidence
for heritable semantic contributions to literacy. The left inferior frontooccipital fasciculus and
a left ATL region connected with the arcuate fasciculus predicted reading scores independent
of genetic influences. The cortical traits were associated with reading continuously across the
population, challenging categorical models of dyslexia. The findings suggest that heritable pho-
nological and semantic traits interact with experience-dependent plasticity to shape literacy
development.

References

Glasser, M. F., Coalson, T. S., Robinson, E. C., Hacker, C. D., Harwell, J., Yacoub, E., Ugurbil, K., Andersson, J.,
Beckmann, C. F., Jenkinson, M., et al. (2016). A multimodal parcellation of human cerebral cortex. Nature,
536, 171-181.

Van Essen, D. C., Smith, S. M., Barch, D. M., Behrens, T. E., Yacoub, E. & Ugurbil, K. (2013). The WU-Minn
Human Connectome Project: An overview. Neuroimage, 80, 62—79.

Roll, M. (2024). Heschl’s gyrus and the temporal pole: The cortical lateralization of language. Neuroimage, 303,
120930.

Neale, M. C. & Cardon, L. R. (1992). Methodology for genetic studies of twins and families. Kluwer Academic
Publishers.
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Neurolinguistic signatures of microvariation and language
change: Individual production variability predicts
morphosyntactic processing differences

Jade Sandstedt!, Maki Kubota?, Merete Anderssen3, Stig Helset!, Bjorn Lundquist3, Qystein
A. Vangsnes* & Jason Rothman?®

! Volda University College, Volda, Norway

2 University of Bergen, Bergen, Norway; University of Minho, Braga, Portugal

3 UiT — The Arctic University of Norway, Tromsa, Norway

4 UiT — The Arctic University of Norway, Tromsa, Norway,; Western Norway University of Applied Sciences,
Sogndal, Norway

3 UiT - The Arctic University of Norway, Tromsa, Norway; Lancaster University, Lancaster, UK; Nebrija
University, Madrid, Spain

This study investigates the neurophysiological and behavioral effects of exposure to low-level
sociolinguistic variation on sentence processing. The study tests morphosyntactic processes
undergoing change in the Sunnmere Norwegian dialect region, focusing on declining long-
distance predicate participial agreement (Figure 1ab). Using a combination of detailed dialect
survey data (n = 422) and ERP experiments (n = 156), including on-line reading, speech pro-
duction, and acceptability judgment tasks, the study examines both inter- and intraspeaker var-
iation to understand how narrow unilingual grammatical variability impacts language pro-
cessing. The experiment was conducted in Bokmal (a standard written variety of Norwegian
that prohibits participial agreement) and tested two conditions: cross-dialectally invariant
adjectival gender agreement (control) and varying participial number agreement (target). Test-
ing was conducted in two dialect regions: Sunnmere (Western Norway, n = 73), representing
the target group, whose dialect displays variable participial agreement, and Northern Norway
(n = 83), representing the control group with invariant agreement.

The findings reveal significant effects of dialect grammatical variability, resulting in signif-
icantly attenuated ERP responses (P600s) and less discrete and less accurate grammaticality
judgments among the Sunnmere Norwegian group compared to Northern Norwegian speakers.
Individual difference analyses of Sunnmere sociolinguistic variation show that individual rates
of participial agreement in production significantly predict individual variability in ERP
response patterns. These findings highlight the dynamic interplay between intraand inter-indi-
vidual variability in the representation, production, and comprehension of grammatical variants
undergoing change.
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Figure 1: Summary of chronological and geospatial variation in participial agreement in Sunnmere Norway
and individual GAM-estimated ERP signals for two Sunnmere dialect speakers at different stages of language
change, illustrating opposite polarity responses to participial non-/agreement.
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Individual differences in auditory-motor synchronization to
speech is not reflected in online measure of statistical word-
learning

Guro Stensby Sjuls

Norwegian University of Science and Technology, Trondheim, Norway

The ability to synchronize one’s speech to a string of syllables at the average cross-language
rate of 4.5 syllables/sec, is not uniformly distributed in the population [1-8]. In fact, when
performing a simple 1-minute test, participants’ ability to synchronize to the speech-proxy
seems to be bimodally distributed, rendering participants as members of one out of two groups
(so-called high or low synchronizers) (Fig.1). High synchronizers better align their utterances
to the stimulus as compared to lows, measured as phase-locking between the perceived and
produced signals. Interestingly, high synchronizers display increased neural synchrony
between motor and sensory regions of the language network in the brain, as compared to low
synchronizers. Importantly, the individual neural differences associated with the high and low
synchronizers are also evident in ecologically relevant behavioral tasks, such as in statistical
word-learning (SWL) tasks [1].

Another line of research investigates SWL as neural entrainment, measured with M/EEG,
during the learning phase of a classic SWL paradigm [9]. In such experiments, participants are
passively listening to a stream of repeated pseudo-words (Fig. 2). Individuals become increas-
ingly sensitive to the structure of pseudo-words compared to that of syllables as the words are
learned. In an online neural assessment of SWL, this is being studied as an increase in neural
entrainment to words relative to syllables over the course of learning [10,11] (Fig.2). According
to Batterink & Paller (2017), this reveals the word-identification processes of SWL [10]. The
approach has many advantages when it comes to studying SWL, but some findings have also
raised concerns with regard to whether the entrainment truly represents the word-identification
process, or another, more basic, form of acoustic processing [12,13]. If greater neural entrain-
ment for words over syllables indeed represent the word-identification component of SWL,
then high auditory-motor synchronizers, who outperform low synchronizers on behavioral
SWL tasks, should also display greater neural entrainment during this type of online, neural,
SWL experiment.

This study set out to address this question. Given the opportunity, I will hold an oral presen-
tation presenting preliminary results from this study, which currently suggest no association
between speech-to-speech synchronization ability and online SWL. I will discuss some meth-
odological pitfalls related to the neural, online measure of SWL and why it might, in fact, not
reflect the word-identification process of SWL. I will also be discussing other potential expla-
nations for the results, such as why group differences between high and low auditory-motor
synchronizers on this particular assessment of SWL might not be expected.

References

[1] Assaneo, M. F. et al. (2019). Spontaneous synchronization to speech reveals neural mechanisms facilitating
language learning. Nature Neuroscience, 22, 627-632.

[2] Sjuls, G. S., Vulchanova, M. D. & Assaneo, M. F. (2023). Replication of population-level differences in
auditory-motor synchronization ability in a Norwegian-speaking population. Communications Psychology,
1(1), 47.

[3] Assaneo, M. F., Rimmele, J. M., Sanz Perl, Y. & Poeppel, D. (2021). Speaking rhythmically can shape hear-
ing. Nature Human Behaviour, 5, 71-82.
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Orpella, J. et al. (2022). Differential activation of a frontoparietal network explains population-level differ-
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Examining the intersection between production and
comprehension: an fMRI study of backchannels

Ture Berg!-2, Caroline Arvidsson!, Ekaterina Torubarova3, André Pereira3 & Julia Uddén!

I Stockholm University, Stockholm, Sweden
2 Uppsala University, Uppsala, Sweden
3 KTH Royal Institute of Technology, Stockholm, Sweden

Brief, time-sensitive listener responses like “mhm” and “aha”, known as backchannels, consti-
tute a substantial part of everyday conversation (Knudsen, Creemers & Meyer 2020) and play
a vital role in shaping how conversations unfold (Bavelas, Coates & Johnson 2000; Tolins &
Fox Tree 2014). Although backchannels are mechanically a form of speech production, they
lack several key properties typically associated with language use, including semantics and
syntax. They are also produced outside the speaker’s own turn, therefore occupying a boundary
position between comprehension and production. Despite their frequency and functional
importance, backchannels have rarely been examined in terms of their underlying neural mech-
anisms, leaving a gap in our understanding of how these communicative behaviours are pro-
cessed in the brain. In this conversational fMRI study, we asked to what extent backchannels
activate the neural systems underlying language production versus those supporting language
comprehension. We used the NeuroEngage data set (Torubarova et al., 2025), in which partic-
ipants took part in three unscripted 10-minute conversations with a confederate outside the
scanner, via an audio-video link. Backchannels were manually annotated and defined as short
listener responses that carry little or no semantic content and are produced without the intention
of taking over the conversational turn. Only backchannels produced by the participants were
brought into analysis. A general linear model was used with six conversational events as
regressors: backchannels, production, comprehension, turninitiations, silences, and an explicit
baseline defined by a fixation cross presented at the beginning of each session. In the fMRI
model, backchannels were specified as events with a fixed duration of 600 ms, aligned such
that the event offset coincided with the acoustic offset of the backchannel. Relative to the
explicit baseline, backchannels generated activation in core-language production regions, such
as sensorimotor areas (e.g. bilateral precentral and postcentral gyri, and the supplementary
motor area), and the inferior frontal gyrus. Moreover, backchannels vs explicit baseline gener-
ated clusters of activation in the bilateral temporal gyri and the anterior temporal lobes (ATL),
similar to the temporal activation previously observed in conversational comprehension
(Arvidsson et al., 2024). Backchannels also engaged the superior medial frontal gyrus and the
middle cingulate cortex. Engagement of these areas is particularly interesting, as they are not
typically viewed as part of the language network, but have previously been observed during
production in another conversational study using a different data set (Arvidsson et al., 2024).
These findings suggest backchannels lie in the intersection of production and comprehension,
by involving regions unique to production as well as regions unique to comprehension. They
also highlight the plausibly crucial role of the medial frontal cortex in subserving fundamental
and time-sensitive aspects of conversation. Further analyses will involve directly contrasting
backchannels with comprehension and production to more precisely determine the extent to
which backchannels share underlying cognitive and neural mechanisms with these two sys-
tems.
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Sensory prediction error can drive divergent plasticity in L1
and L2 speech

Yuyu Zeng!:2, Caroline A. Niziolek? & Benjamin Parrell?

! University of Agder, Kristiansand, Norway
2 University of Wisconsin-Madison, Madison, USA

A central question in neurolinguistics is how the language system updates phonological cate-
gory structure when predictions fail. Here, “prediction” refers to expected auditory feedback
during speaking. Another core question is how production and perception relate at the repre-
sentational level. These issues are especially relevant in L2 speech, where categories are less
stable. A direct test requires a method that imposes a controlled mismatch between expected
and heard feedback while keeping the production target constant. The present study provides
such a test (Figure 1). By altering the mapping between produced speech and auditory feed-
back, we examine how adult L2 learners and native speakers adjust speech production and
reorganize category structure in perception, informing the architecture linking prediction, rep-
resentation, and control in spoken language.

Native Spanish-speaking learners of English produced “ship” while hearing its formants (F1
and F2) shifted in real time either toward or away from “sheep,” introducing systematic pre-
diction error without changing the intended production target (Figure 1). Participants com-
pleted pre- and post-tests of production and perceptual identification along a “sheep—ship” con-
tinuum; an English control group completed the same task schedule. Spanish-speaking partic-
ipants whose baseline production reversed the expected /i/—/1/ relation in F1/F2 space were
excluded to avoid misinterpretation of shift direction.

Spanish-speaking learners adapted vowel production during perturbation in both shift direc-
tions as expected (i.e., by producing speech opposing the perturbation direction; Figure 2) ).
English production adaptation and retention are currently under analysis and will be included
in the conference presentation. In perception, Spanish-speaking learners exposed to both per-
turbation directions showed steeper identification slopes after training, consistent with sharper
category separation (Figure 3, upper panels). Surprisingly, similar changes in perception were
seen in response to shifting F1 towards /i/ and away from /i/, despite the fact that only the
towards-/i/ shift resulted in greater and more native-like post-test separation of /i/ and /1/. Con-
versely, English controls showed shallower post-test slopes across shift directions, suggesting
less sharply defined category structure under identical exposure (Figure 3, lower panels).
Because L1 and L2 systems differ in baseline category organization, the same feedback
mismatch may be incorporated differently across groups. One interpretation is that learners
treating the mismatch as informative for sharpening the /i/~/1/ contrast, whereas native speakers
treat it as reduced reliability of the feedback.

Together, the combination of direction-independent perceptual change and direction-spe-
cific production retention motivates the hypothesis that perceptual category structure and pro-
duction targets can update through partly separable mechanisms, rather than moving in lock-
step. More broadly, the results show that the same altered-feedback manipulation can yield
different learning profiles in L1 and L2 speakers, thereby informing hypotheses that: (i) learn-
ing depends on baseline representational state and (ii) perception and production can update
through partly separable mechanisms in adult learners.

Finally, the perceptual dissociation observed here motivates a direct neurolinguistic test of
whether behavioral changes in category sharpness correspond to changes in early, automatic
category-sensitive encoding. For example, an MMN paradigm using the same “sheep—ship”
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formant continuum could assess whether L2 sharpening and L1 flattening are reflected in the
magnitude and time course of pre-attentive responses to small formant deviations.
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are shifted while the production
targel is held constant.
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Adult second-language acquisition through choir singing:
effects on proficiency and phonological ERP effects

Laszl6 Harmat, Sanna Kraft & Annika Andersson

Linnaeus University, Vixjé, Sweden

The study aims to investigate the potential of choir singing to enhance second language (L2)
acquisition in healthy adults (age 18—64). 90 participants will be recruited to the study and
allocated to three groups (n = 30 per group) to explore the effects of six months choir singing
on L2 phonological awareness (PA), as measured by EventRelated Potentials (ERPs). Cogni-
tive responses to phonological awareness as measured with rhyming tasks and ERP effects will
be assessed before and after the intervention of weekly choir singing. These responses will be
compared to that of two other groups; one active control, where participants will listen to
audiobooks (in L2), and a no-intervention group. For all groups, ERPs will be recorded during
a thyming task to examine the neural correlates of phonological processing (the ERP rhyming
effect, N450), while standardized measures of PA will provide behavioral indicators of
development of L2 proficiency. Statistical analyses, including repeated measures ANOVA, will
be used to evaluate changes in the ERP rhyming effects and PA tests following the intervention
period. Findings from this study aim to contribute to our understanding of the potential
cognitive and neural mechanisms underlying possible beneficial effects of music-based
interventions, such as regular choir singing on L2 acquisition, with implications for educational
practices and interventions targeting language learning in healthy adult populations.
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ERP eftects to pauses inserted within or between constituents
in spoken language consistent with the effects to blank panels
inserted in picture narratives

Annika Andersson!, Kristina Hansson2, Hanna Lindfors! & Eric Pakulak3 & John E. Drury#
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2. Lund University, Lund, Sweden

3 Stockholm University, Stockholm, Sweden
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Previous event-related potential (ERP) studies have shown similar processing of picture narra-
tives and spoken language (e.g., Cohn et al., 2014; Lindfors et al., 2024). These studies suggest
language processing could rely on domain-general mechanisms rather than domain-specific
cognitive processes. The studies have shown similar processing across domains when focusing
on semantics (indexed by the N400) and syntactic processing (indexed by a biphasic anterior
negativity/P600 response). Specifically, Cohn et al. (2014) argue for a hierarchical structure of
constituents in picture narratives that is similar to the hierarchical structure of constituents in
sentences. When inserting disruptive blank panels within constituents, compared to between
constituents, ERP effects previously reported for syntactic processing of language (written and
spoken) were elicited. That is, blank panels within constituents elicited a left anterior negativity
and, for disruptions within sequence-final constituents, a P600. However, the manipulations in
the pictorial domain for syntax (inserted blank panels) are quite different from the typical syn-
tactic manipulations in the language domain, which often consist of violations of word order
rules. Therefore, it remains unclear to what extent comparable manipulations in language
would elicit similar effects. To address this question, we investigated ERP effects for disrup-
tions (prolonged silences of 1600 ms as auditory representations of the blank panels in the
pictorial domain) inserted either within or between constituents of spoken sentences. The
results revealed a negativity with a widespread scalp distribution for disruptions within senten-
ceinitial constituents and a posterior positivity for disruptions within sentence-final constitu-
ents. This pattern resembles the previous findings from picture sequences, with the exception
that no negativity was observed for disruptions within sentencefinal constituents. In the talk,
we will discuss potential explanations for the similarities and differences between the ERP
effects observed in the verbal and pictorial domains and argue that the findings strengthen the
domain-general perspective on language processing.
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The effect of signal degradation on speech and sign language
perception

Cristina Tobias Figuerola, Carine Signoret, Emil Holmer & Josefine Andin

Linkdping University, Linkdping, Sweden

Language is often processed in perceptually challenging conditions, i.e., conditions in which
the linguistic signals are masked or degraded. Brain imaging studies suggest that listening in
challenging situations involves the recruitment of fronto-parietal working memory-dependent
regions. If language processing in perceptually challenging conditions is modality-independ-
ent, similar resources should be involved when encountering these situations in sign language.
In the present study, we examined the neural resources that hearing bimodal bilingual individ-
uals employ when faced with degraded language stimuli in both speech and sign across per-
ceptually challenging conditions. Among different types of perceptually challenging condi-
tions, background noise and spectral degradation stand out as the most studied in speech
research.

Background noise refers to perceptual conditions where competing stimuli are added to the
language signal, such as distracting sounds for speech or a busy visual environment for sign
language. In speech, background noise, as implemented in speech-in-noise tasks, has been
found to have larger deteriorating effects on language perception than spectral degradation.
Spectral degradation, on the other hand, implies the removal of the spectral information of the
signal. This commonly occurs when analogue signals are digitalised, for instance, auditory sig-
nals in cochlear implants or visual signals in retinal implants. Spectral degradation can be sim-
ulated, in speech, with the noise vocoding technique and in sign by pixelating the videos.

Given the modality-independent nature of language, we hypothesized that the regions com-
monly responsible for speech in noise processing will also exhibit increased activation for sign
language in noise processing. To test this hypothesis, we recruited twenty-two adult hearing
signers (aged 18—65) fluent in Swedish and Swedish Sign language that performed a passive
language task in two language modalities (speech and sign) with three conditions (spectrally
degraded, background noise, clear), participants were asked to rate how difficult it was to
understand the stimuli after each block. Background noise and Spectral degradation conditions
were set at a 70% intelligibility in isolated words for both modalities.

Participants were scanned in a single session at the Stockholm University Brain Imaging
Center (SUBIC), using a 3.0 T scanner (Siemens Magnetom Prisma, Siemens Healthcare
GmbH) with a 64-channel head coil. Analyses of whole-brain activation were performed by
fitting two general linear models with three regressors each relating to the six conditions (clear,
spectral degradation, and background noise compared to rest in each of the two modalities
separately) as well as the motion parameters derived from the realignment. At the first level,
the statistical parametric map images pertaining to the spectral degradation and background
noise conditions were contrasted with the clear condition within each modality, rendering four
contrasts per participant. At the second-level, we compared perceptually challenging conditions
within modality, i.e. spectral-sign > background-sign, spectral-speech > background-speech,
background-sign > spectral-sign and background-speech > spectral-speech. No statistical com-
parisons were performed across modalities.

Our results showed that perceptually challenging conditions place more demands on work-
ing memory resources in presence of background noise, however, those demands are modality
dependent, contradicting our initial hypothesis. Spectral degradation places more demands on
primary perceptual areas like the inferior occipital cortex for sign and the superior temporal
lobule for speech. We conclude that, at low-level linguistic processing, the neural resources
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required for language comprehension in perceptually challenging conditions differ between
speech and sign. Further research is needed this neural signature holds true for higher levels of
linguistic processing.
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The processing effects of syntactic and semantic modification
of noun phrases

Fredrik Heinat & Eva Klingvall
Lund University, Lund, Sweden

In two EEG-studies, we investigated what effects modification of a noun phrase has on the
processing of the predicate that assigns a thematic role to it, and on an anaphoric pronoun in a
succeeding clause. Previous research has shown that there are at least three factors influencing
the processing and retrieval of arguments:

Modification: Modified noun phrases (e.g. the red book) are more discourse salient than
unmodified ones (e.g., the book), i.e. more likely to be referred back to with a pronoun (Karimi
et al., 2019; Hofmeister and Vasishth, 2014).

Semantics: Sachs (1967) showed in a series of experiments that syntactic information is
retained in memory shorter than semantic information.

Time/Distance: Roll et al. (2013) showed that grammatical relations are processed differ-
ently depending on the temporal distance between the relevant structures: the crucial distances
are below and above 2.8 seconds (see also White 2017).

In the experiments (52 right handed native speakers of Swedish with no NPF-diagnosis in
Exp. 1 and 49 in Exp. 2) we manipulated the structure of the subject NP in four different ways:
whether the antecedent was modified or not, whether the modification was in the form of a pre-
modifier, a post-modifying preposition phrase, or a relative clause. While the modifiers thus
differed syntactically, they shared the same semantics: an intersective meaning in the sense that
in all modified conditions in (1), the subject NP was a part of the set of girls and of the set of
things that have blond hair. The last condition was whether the pronoun in the succeeding
clause matched the antecedent in gender or not. In the first experiment the distance between
the end of the subject NP and the pronoun was kept below 2 sec. in all conditions. In the second
experiment, the same manipulations of the subject NP were used, but the distance between the
NP and the pronoun was 3 sec. or more in all conditions, as shown in (1b).

(1) a. Den ljushariga / flickan / med ljust har / som har ljust hir lovade att hon / han skulle ldsa boken.
The blond / girl / with blond hair / who has blond hair promised that she / he would read the book.

b. Den ljushariga / flickan / med ljust hir / som har ljust har lovade alldeles nyss dyrt och heligt att
hon / han skulle ldsa boken.
The blond / girl / with blond hair / who has blond hair promised just now dearly and solemnly that
she / he would read the book.

In order to measure the effects of the manipulations of the subject NP, we analysed EEG time
locked to the verb lovade ‘promised’ and the pronoun /on ‘she’ / han ‘he’ (see e.g. Osterhout
et al. 1997).

Preliminary results: Verb. For the modified vs. unmodified condition, we found a signifi-
cant positivity in the posterior region in the P600 time window (though only marginally signif-
icant in Exp 1), and a significant negativity in the left anterior region in the early as well as the
late LAN time windows. Different structures show differences in LAN on the verb. Event
Related Spectral Perturbations indicate that there is enhanced alpha wave activity (9—13 Hz,
Meyer 2018) on the verb when the subject NP is modified compared to when it is not. Pronoun.
We expect to find a mismatch effect and effects of modification. We expect to find differences
in the theta band of ERSPs on the matching pronoun, indicating memory processes in the
retrieval of the antecedent (Nieuwland & Martin, 2017; Meyer et al., 2015). In addition, early
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theta activity may be visible on the mismatching pronoun (Ruiz-Martinez et al., 2025). We see
that modification indeed has effects on the processing of NPs and in the presentation we will
further discuss ERP and ERSP results in relation to structure, meaning and time.
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from Norwegian determiner omission
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Natural languages frequently permit multiple grammatical forms to express similar meanings,
posing important questions about how comprehenders process variable input in real time. This
study investigates optional prenominal determiner omission in Norwegian definite noun
phrases (e.g., (den) syvende planeten “(the) seventh planet”). This is a case of stable syntactic
variation where acceptability depends systematically on the modifier type. Norwegian typically
exhibits “double definiteness,” requiring both a prenominal determiner and a noun suffix in
modified definite phrases (e.g., den rade bilen “the red car’). However, the prenominal deter-
miner may be omitted with varying acceptability: it is highly acceptable with ordinals and
directional adjectives (High Omission), moderately acceptable with superlatives (Low Omis-
sion), and ungrammatical with regular adjectives (Obligatory Determiner). Acceptability rat-
ings from L1 Norwegian speakers confirm this gradient pattern, with scores showing a system-
atic decline across conditions (Fig. 1a).

To test how this gradient grammatical knowledge is reflected in real-time comprehension,
we recorded EEG while 110 L1 Norwegian speakers read sentences in which determiner
presence was manipulated across the same three contexts. In addition to differences in
acceptability, the conditions also differed in morphosyntactic transparency: ordinals and
superlatives provide early cues to definiteness, whereas regular adjective inflections are
ambiguous between definite singular and indefinite plural until the noun is encountered.

ERP results revealed P600 effects that scaled with oft-line acceptability judgments (Fig. 1c).
High Omission contexts showed minimal neural disruption (AUC = 75 uV-msec), Low
Omission elicited moderate centro-parietal positivities (AUC = 696 1V -msec), and Obligatory
Determiner violations produced robust P600 responses (AUC = 1219 x4V-msec). In other
words, neural processing costs increased systematically as omission became less licensed,
closely mirroring the behavioral acceptability gradient.

Furthermore, P600 latency varied with morphosyntactic transparency (Fig. 1b). In Low
Omission contexts, where definiteness is unambiguous, the P600 emerged at the adjective
(50% fractional area latency = 870 msec post-adjective). In Obligatory Determiner contexts,
morphological ambiguity delayed violation detection until the disambiguating noun (latency =
1297 msec post-adjective, 862 msec post-noun). These findings demonstrate that the
comprehension system flexibly coordinates bottom-up morphosyntactic cues with top-down
probabilistic expectations, dynamically adjusting both the timing and intensity of integration
efforts. The convergence of ERP and judgment data supports experience-based models where
processing difficulty scales continuously with grammatical acceptability.
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Figure 1: Behavioral and ERP evidence for graded syntactic processing. Shaded regions in (b) show positive Area
Under the Curve (AUC): High.Om = 75 pV-msec, Low.Om = 696 pV-msec, Oblig.Det = 1219 pV-msec. Vertical
lines mark 50% AUC latencies (Low.Om: 870 msec; Oblig.Det: 1312 msec post-adjective).
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Evidence from ERPs
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Recent research, which has shown that there is individual-level variability in the ERP responses
of first language (L 1) speakers (e.g., Tanner & Van Hell, 2014), has led to an acknowledgement
that studies of second language (L2) learners need to move away from traditional approaches
in which L1 group results are treated as a ‘gold standard’ to which L2 results are then compared
(Freunberger at al., 2021). One alternative is to examine the L1 and L2 within the same indi-
viduals, avoiding the use of a monolingual L1 control group. We took this approach, examining,
in two different studies of referential processing, L1-English/L2-Spanish speakers in the U.S.
(Study 1, n = 39; Study 2, n = 38) and L1-Spanish/L2-English speakers in Spain (Study 1, n =
45; Study 2, n = 46). Referentially ambiguous contexts (Table 1, B) have been shown to reveal
a brain-based signature of referential processing called Nref, a sustained anterior negativity
which is elicited when there are multiple antecedents for a given pronoun or noun phrase (Van
Berkum et al., 1999). Individual differences have been shown to modulate the processing of
referential dependencies such that individuals with better verbal ability and working memory
are more likely to show a larger Nref effect (Boudewyn et al., 2015; Nieuwland & Van Berkum,
2006).

In two different sessions, participants were asked to read discourses with ambiguous pro-
nouns in either English or Spanish (Table 1 for English, 160 items: 120 targets/40 fillers) and
either answer comprehension questions (Study 1) or explicitly choose the antecedent of the
pronoun (Study 2). The target sentence, the final sentence of the discourse, includes a subject
pronoun (she/ella in targets; he/él in fillers). In Condition A, the baseline, there is one gender-
matching, accessible antecedent for the pronoun ‘she’ (Rebecca). In Condition B, which is
ambiguous, there are two gender-matching, accessible antecedents for the pronoun (Grace,
Rebecca). Verbal abilities were assessed with the LexTALE in English (extended version-
Fiorentino et al., 2024) and Spanish (Izura et al., 2014).

Figure 1 shows grand average responses to the pronoun ‘she’ or ‘ella’ in Conditions A/B in
L1 English (left) and L2 Spanish (right) for Study 1. Figure 2 shows grand average responses
to the pronoun ‘ella’ or ‘she’ in Conditions A/B for L1 Spanish (left) and L2 English (right) for
Study 1. Results in the 500-1400 ms time window for L1 English, L2 Spanish, and L1 Spanish
showed that individuals with higher LexTALE scores showed larger Nref effects. In addition,
in the 300-500 ms time window, L2 English and L2 Spanish both showed N400s in the ambig-
uous condition, which may be associated with referent predictability (Almor et al., 2017); our
contexts may have led participants to predict reference to both individuals (they/ellas) and the
N400 reflects encountering an unexpected referential form. In Study 2, when participants were
asked to perform an antecedent choice task, we observed N400s in both groups and both lan-
guages. The results suggest that L2 learners may have increased sensitivity to referential form,
even when the task does not draw their attention to it.
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Table 1. Sample English stimuli for the target experimental conditions

Condition

A. Unambiguous Baseline: Gender Andrew and Rebecca were invited to go to the beach with

Cue some friends. Andrew drove to the beach and played

(One gender-matching, accessible volleyball. Rebecca biked to the beach and played in the

antecedent) waves. The beach was hot and sunny. At the beach, it was
clear that she was enjoying the day.

B. Ambiguous Grace and Rebecca were invited to go to the beach with

(Two gender-matching antecedents, some friends. Grace drove to the beach and played

both accessible) volleyball. Rebecca biked to the beach and played in the
waves. The beach was hot and sunny. At the beach, it was
clear that she was enjoying the day.

Study 1 Comprehension Question Were Andrew/Grace and Rebecca invited to go to the beach?

Study 2 Antecedent Choice Who does ‘she’ refer to? (Andrew/Grace, Rebecca, Either)

L1 English L2 Spanish
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Figure 1. Study 1: ERP responses to target pronoun in the baseline Unambiguous: Gender condition (A) and the Ambiguous
condition (B) at representative electrode (P4) for L1 English (n=39) (left panel), and at representative electrode (Fz) for L2
Spanish (right panel) in the same individuals tested in the U.S..
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Figure 2. Study 1: ERP responses to target pronoun in the baseline Unambiguous: Gender condition (A) and the Ambiguous
condition (B) at representative electrode (P4) for L1 Spanish (n=45) (left panel), and at representative electrode (Fz) for L2
English (right panel) in the same individuals tested in Spain.
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Turn initiations are subserved by higher-order processes
outside of the perisylvian language network
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Conversation is arguably one of the most ubiquitous contexts for producing language. It is
characterized by turn-taking, in which speakers rapidly alternate between speaker and listener
roles, while simultaneously planning their upcoming turn. Neurobiological models of speech
planning have implicated regions within the left hemispheric-dominant classical perisylvian
language network (e.g., the inferior frontal gyrus, the superior temporal lobes, and the parietal
cortex), as well as lower-level sensory and motor areas. These models, however, are grounded
in the production of single linguistic units (e.g., words) in non-interactive contexts. Conse-
quently, the neural substrates subserving speech planning in conversation (i.e., turn initiations)
are largely unknown. In this fMRI investigation, we asked whether turn initiations would
activate areas outside the classical perisylvian core language network. We hypothesized that
the initiation of conversational turns would engage cortical regions associated with higher-
order processing outside of the perisylvian language network. We analyzed two different
conversational datasets, in which participants engaged in unscripted conversations via an
audio-video link with a confederate outside the scanner: (1) the Neuroengage dataset (28 par-
ticipants, comprising 14 hours of conversation; Torubarova et al., 2024) and (2) the Multimodal
Corpus of Bidirectional Conversation during fMRI Scanning (24 participants, 4.8 hours of
conversation; Rauchbauer et al., 2020). Turn initiations were defined as a 600 ms time window
(based on the reported minimum latency of speech preparation; Indefrey & Levelt, 2004),
preceding the participant’s turn. For each data set, a general linear model was used with five
conversational events as regressors: turn initiation, production, comprehension, silence, and
fixation (looking at a fixation cross in between conversations). In both datasets, the contrast
turn initiation vs. fixation revealed engagement of classical language and sensorimotor areas.
This contrast also consistently, i.e., across data sets, generated clusters of activation in the
midline structures of the frontal cortex, spanning from the medial superior frontal gyrus (SFG)
to the medial prefrontal cortex (mpFC; e.g., the anterior cingulate cortex). Based on these
findings, we suggest that turn initiations are subserved by higher-order extra-linguistic
processes, localized in the SFG and the mpFC. These processes likely play a critical role in
naturalistic language use, where speakers must continuously meet the temporal and pragmatic
constraints governing timely and contextually appropriate conversational turn-taking. Finally,
we argue that adequate models of speech planning and large-scale neurobiological accounts of
language must incorporate the interactive context in which language processing naturally
develops and operates, namely, conversation.
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Previous research has consistently documented differences between native and second lan-
guages (L2) in emotional word processing, as reflected in both behavioral and neurophysiolog-
ical measures. Foreign languages are often acquired in relatively formal and disembodied con-
texts, and the lack of immersion, affective experiences and autobiographical grounding may
attenuate or alter the emotional connotations of L2 vocabulary. Nevertheless, the interaction
between linguistic and emotional processes is dynamic, and recent studies in applied linguistics
suggest that affective representations in L2 are malleable and can be reshaped through targeted
instructional approaches. The present study investigated the behavioral and neurophysiological
mechanisms underlying the strengthening of emotional representations in L2 resulting from a
specific training intervention. Twenty-eight Spanish undergraduate students enrolled in a
Degree in English Studies participated in two classroom-based training sessions in which a set
of 36 English words (12 positive, 12 negative, and 12 neutral control words) was trained using
generative exercises explicitly focused on emotional meaning. Before and after the training,
participants completed a lexical decision task in which trained words were presented alongside
an equivalent set of untrained words and pseudowords. Both behavioral responses and electro-
physiological activity (64-channel EEG) were recorded during pre- and post-training sessions,
and subsequently analyzed using repeated-measures ANOVAs. Behavioral data revealed a sig-
nificant improvement in recognition accuracy from pre- to post-training for positive and nega-
tive trained words, whereas no accuracy changes were observed for untrained words or for
neutral trained words. ERP data showed converging training-related modulations for positive
and negative words, characterized by reduced N400 amplitudes and enhanced late positive
components (LPC) following training, indicating facilitated lexicosemantic access and
strengthened episodic memory representations for emotional L2 vocabulary. Interestingly, a
reduction of the early posterior negativity (EPN) was observed exclusively for negative words
after training, suggesting a selective attenuation of early emotional saliency. Overall, these
findings indicate that emotional training primarily modulates post-perceptual semantic and
mnemonic stages of L2 word processing, while early emotional processing is selectively mod-
ulated for negative words. The results highlight the effectiveness of targeted instructional meth-
ods in enhancing the neural lexico-semantic representation of emotional vocabulary in a second
language.
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The automatic capacity to extract, encode and utilize statistical properties of the ever changing
sensory environment, known as statistical learning (SL), is a fundamental ability already pre-
sent from birth. Detecting longer recurring auditory patterns consisting of as many as 10 pure
tones is proved to be present in newborn babies. This can be explained by learning the transi-
tional probabilities between tones, i.e., by SL. Whereas pure tones only provide information
about pitch transitions, speech includes a wealth of acoustic information. This study investi-
gated whether sleeping newborns (N = 35; up to 2 days of age) detect regularities in speech-
like sound sequences, comparing neural responses to regularly recurring and random pseudo-
syllable sequences. Using time-locked EEG measures, we found that neonates show distinct
electrophysiological responses to regular versus random patterns, indicating that the neonatal
auditory system is sensitive to structured syllable sequences. These findings suggest that even
at a very early age, infants can exploit redundancies in speech input, an ability underpinning
later language acquisition. While it remains to be established whether the detection of struc-
tured syllable sequences emerges earlier than in the tone-based version of the task (as observed
in our pilot study), the present results provide an important step toward identifying early neural
signatures of pattern learning in speech. Such responses may serve as potential biomarkers of
language learning capacities in early infancy, offering a window into the developing mecha-
nisms that support speech segmentation and grammar acquisition. Beyond their theoretical rel-
evance, these results underscore the methodological value of the current paradigm: it provides
a robust, non-invasive, and replicable tool for probing the infant brain’s capacity to extract
structure from continuous auditory input. This paradigm can be extended to assess individual
differences and atypical trajectories, contributing to the early identification of infants at risk
for language disorders.
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Immediate reanalysis — how L1 and L2 speakers
pragmatically process discourse particles
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In a series of eye tracking studies, the Swedish interpersonal discourse particles (henceforth
DPs) ju, nog, egentligen and faktiskt have been investigated. Through combining traditional
online measures such as click contingent gaze patterns, proportions of fixations, and reaction
times, with an offline behavioral measure, an adapted version of the Visual World paradigm
captures previously uncharted aspects of the pragmatic processing of DPs. The novelty of this
adapted paradigm is the integrated pupillometry, which strengthens the results that indicate
cognitive load. The results from the eye tracking experiment with egentligen and faktiskt (42
L1 speakers and 43 L2 speakers) are analyzed in light of previous literature about the acquisi-
tion difficulties of DPs (Fung & Carter, 2007; Romero Trillo, 2002; Fox Tree, 2010; Fant,
2018), pragmaticalization processes (Traugott & Dasher, 2002; Maschler & Schiffrin, 2015),
and online pragmatic processing (Loureda et al., 2022; Canestrelli et al., 2013; Filik et al, 2009;
van Bergen & Bosker, 2018). Through this analysis, a new theoretical account is proposed:
Immediate reanalysis. The account offers an explanation to the partial L2 use of DPs that is
found across languages (Fant, 2018; Hogeweg et al. 2016; Fung & Carter, 2007), and unifies
previously diverging results regarding the online processing of DPs (e.g. Loureda et al. 2022
vs Jarnefelt et al. 2025). It theoretically aligns with the lexical adjustment account (Wilson &
Carston, 2007), which addresses pragmatic processing of ambiguous utterances, but this
account specifically concerns the pragmatic processing of DPs.

Whenever DPs occur in sentences, they trigger an immediate reanalysis. This is due to their
inherent and highly communicative qualities of being procedural (Loureda et al., 2022) and
reflexive (Aijmer & Simon-Vandenbergen, 2004). In this reanalysis, the hearer/reader needs to
take three different dimensions into account in order to integrate the meaning of the DP in the
sentence: 1) the lexical meaning of the DP, 2) the speaker’s intention, and 3) the contextual
surroundings and how they affect the interpretation of the DP. All three dimensions are consid-
ered in parallel, and the resulting interpretation process stops once the previously made
assumptions about meaning (made prior to the onset of the DP), are adjusted to meet the new
expectations of relevance that are introduced by uttering the DP (why would the speaker say
egentligen here?). Depending on how drastic this adjustment of meaning is, the reanalysis can
look like processing facilitation (quicker reaction times if the DP confirms already made
assumptions), or like increased processing costs (slower reaction times and pupil dilation if the
analysis of the DP drastically changes already made assumptions).

This account will be described in detail during the presentation, exemplified with click con-
tingent gaze patterns, proportions of fixations, pupillometry, reaction times and behavioral
responses.
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Received wisdom in mathematical cognition is that our ability to understand and manipulate
quantities derives from an evolutionary ancient system also found in non-human primates,
whose neural center is located in the intraparietal sulcus (IPS) (Nieder, 2016). In contrast to
our evolutionary cousins, humans use language to communicate and reason about numbers. On
the dominant view, this symbolic faculty consists in mapping linguistic labels onto the
preexisting neural stratum.

Contrary to the mainstream perspective, recent work has demonstrated that the canonical
distance effect (Moyer & Landauer, 1967) can be explained by measures of linguistic similarity
derived from word embeddings in a statistical language model, with linguistic models even
outperforming real numerical distance (Ren & Libertus, 2024; Rinaldi, Parente & Marelli,
2022). Since the distance effect is traced back to parietal activation (Skagenholt, Traff, Viastfjall
& Skagerlund, 2018), a natural extension is to test whether this activation can be modeled as a
function of linguistic similarity as well. If it can, this would constitute evidence that rather than
being a simple mapping procedure, the acquisition and use of a linguistic number system
changes the functional structure of the primate number system.

As a preliminary study, we reanalyzed the data from the only number comparison task
available on OpenNeuro (Czarnecka, Knops & Szwed, 2023; Czarnecka, Raczy, et al., 2023).
For the present purposes, this dataset has a few limitations, most notably that it includes very
few comparisons: only 4 numerosities, all compared to the same reference. The data was
preprocessed using fMRIPrep (Esteban et al., 2019), and to target the IPS, we used the
FreeSurfer output to generate a bihemispheric mask of the inferior and superior parietal lobules
based on the Desikan—Killiany atlas. We subsequently generated linear mixed effects models
of peak activation during the symbolic (numeral) and nonsymbolic (dot) variants of the task in
the ROI with random intercepts by participants. To generate a baseline, we first used numerical
distance as a predictor. We then extracted vectors of the relevant numerals from fastText
(Grave, Bojanowski, Gupta, Joulin & Mikolov, 2018), and computed cosine similarity between
all numerals and the reference. Contrary to expectation, neither of the models for the symbolic
task provided significant effects (both p > 0.5). For the nonsymbolic task, the numerical model
showed a significant negative relationship to peak activation (f = —0.055, SE = 0.026, z =
—2.126, p = 0.034). Using cosine similarity as the predictor, resulted in a significant positive
relationship (f = 1.625, SE =0.721, z=2.252, p = 0.024). Model comparison revealed that the
cosine model was slightly better than the numerical model (AAIC =0.5261), but the differences
are too small to say anything conclusive.

The fact that we were able to demonstrate a relationship between linguistic distance and
peak activation despite the incredibly limited selection of numerals, with its consequent low
variance, is nevertheless promising for future work. If future studies could demonstrate a more
substantial role for language even in tasks that are superficially nonlinguistic, this could open
up an avenue into understanding what sets the human brain apart from its primate origins.
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Investigating functional MRI effects of individual differences
in predictive processing
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Predictive processing has emerged as a promising framework for understanding the human
mind. Bar (2007) proposes that the brain continually generates memory-based predictions
through co-activation of associated representations. For language processing, individuals
would over the course of a lifetime develop associations between words that typically occur
together in language. Processing of one word would activate a network of related representa-
tions, enabling prediction of future input. Individuals differ in how much they rely on predic-
tion during language processing (Huettig & Janse, 2016). These differences are modulated by
factors such as working memory capacity (Huettig & Janse, 2016), age (Schuckart et al., 2025),
and cortical structure in the language network (Novén et al., 2021).

In a combined response time and functional MRI study, we investigated how individual
differences in reliance on prediction modulated blood oxygen level dependent (BOLD)
responses to words with different levels of surprisal, i.e. the degree to which a word is
unexpected given its context. Individual measures of reliance on prediction were estimated
from behavioural responses to the lexical decision task performed in the scanner. Thirty-five
L1 speakers of Swedish read 200 adjective-noun combinations differing in predictability and
presented word by word. Predictability was operationalised as surprisal = —log2 P
(noun|adjective) which reflects how likely it is for the noun to follow the adjective. Figure 1
illustrates two words differing in surprisal. Surprisal was computed from a > 1 billion token
corpus compiled from corpora available through Sprakbanken (Borin et al., 2025). In line with
previous results, response times increased with surprisal (Fruchter et al., 2015). However, this
effect differed across participants, with some responding much faster to more predictable words
(‘predictors’) and others displaying a more even distribution (‘wait-andseers’), as shown in
Figure 2.

FMRI data were acquired on a 7T MR scanner (Philips Achieva 7T, Philips Healthcare, the
Netherlands) using a rapid event-related design with fast repetition time (TR = 550 ms, TE =
25 ms, voxel size = 3 mm) and partial coverage (temporal and frontal lobes). Preliminary
results, as seen in Figure 3, show a correlation between surprisal and BOLD responses in
occipital and temporal regions bilaterally, which aligns with previous studies investigating
effects of predictability (Fruchter et al., 2015; Willems et al., 2016). We will also present results
from the interaction between reliance on prediction and surprisal.
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Figure 1 is a visualisation of the phrases dppen gata “open street” and vispad gridde “whipped cream”. Oppen
has a broad probability distribution with many possible word continuations of which gata is just one whereas
grddde is the highly probable continuation after vispad. Figure 2 (mid) displays log-transformed response times
as a function of surprisal for 9 participants (selected for presentation purposes), each represented by a line. Greener
lines indicate stronger reliance on prediction. Figure 3 (right) shows preliminary effects of surprisal in occipital
and temporal regions bilaterally.
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Adolescent pragmatic development mirrors pragmatic
individual differences in adulthood: An fMRI study
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In conversation, the literal form of an utterance often differs from the speaker’s intended mean-
ing. Nonetheless, we typically understand the meaning of such indirect speech acts (ISAs). This
constitutes one of several pragmatic abilities. fMRI studies in adults show that processing ISAs
(compared to direct speech acts, DSAs) elicits greater activation in language and Theory of
Mind (ToM) regions. In our previous investigation, we found that individual differences in
pragmatic skill manifested in two clusters outside these networks during ISA processing. How-
ever, less is known about the neurodevelopmental trajectory of ISA processing in adolescence.
Using an established fMRI paradigm, we investigated ISA processing (1) across adolescence
and (2) into adulthood by comparing adolescents to adults with varying pragmatic skill. We
collected new fMRI data from adolescent participants (» = 51), divided into younger (ages 13—
15, n =24) and older (ages 16—18, n = 27) groups. Participants listened to short conversations
ending with indirect or direct speech acts. We also included our previously collected adult data
set (n = 57) in which participants completed the same paradigm. The adults were subdivided
into two groups based on performance on pragmatic behavioral tests: a low-scoring group (LS,
n = 28) and a highscoring group (HS, n = 29). We contrasted activity during ISAs and DSAs
within each group and tested for differences between groups, using whole-brain and ROI-based
analyses. Our adolescent results replicated prior findings in adults. Activity increased between
adolescence and adulthood in the posterior medial superior frontal gyrus (pmSFG). We also
found age-related differences in the left posterior intraparietal sulcus (pIPS), overlapping with
the Multiple Demand network. Younger adolescents showed greater activation in this cluster
when listening to DSAs than ISAs, whereas older adolescents showed little difference between
conditions. We observed a similar pattern when comparing the adult groups, with the LS and
HS groups mirroring the young and old adolescents, respectively. Activity in a cluster within
the dorsal posterior cingulate cortex (dPCC), a core node of the Default Mode network, was
higher during ISA in the HS group relative to all other groups (LS and adolescents). The
increasing activity in the pmSFG suggests that this region may be a marker of pragmatic
development, possibly reflecting a shift from general ToM to more conversation-specific
pragmatic representations. Furthermore, we suggest that the increased activity in the pIPS in
the younger adolescents and the LS group during the processing of direct speech acts may
reflect engagement of additional control functions. These groups may be less certain whether
direct interpretations are suitable, possibly overinterpreting DSA trials. By contrast, the
observed group differences within the dPCC indicate that pragmatic maturation may involve
increasing reliance on internally directed processes, e.g. drawing on prior experience stored as
situation models. The similarity between young adolescents and the LS group indicates that
pragmatics is still developing during adolescence, and that a delayed development may lead to
persistent difficulties in adulthood. These findings suggest that aspects of pragmatic develop-
ment depend on neural systems beyond language and ToM.
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Functional segregation of conversational production and
comprehension word predictability processing
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A fundamental question in neurolinguistics is the extent to which language processes are shared
between production and comprehension. We investigated this issue using an open-access fMRI
dataset in which participants engaged in unscripted conversations (Rauchbauer et al., 2020).
We hypothesized that word predictability relies on distinct processes depending on whether a
word is produced or perceived. Word predictability was operationalized using the information-
theoretic measure surprisal, defined as the negative log probability of a word given its preced-
ing context, while controlling for overall word frequency. During production, increased word
surprisal was associated with greater activation in the left inferior frontal gyrus and motor
regions, as well as in a large bilateral cluster extending from the supplementary motor area and
superior frontal gyrus to the medial prefrontal cortex (mPFC). Comprehension-related surprisal
replicated prior findings from non-conversational paradigms, involving the bilateral superior
temporal gyrus and sulcus, likely reflecting bottom-up processing of prediction errors. We also
observed differences between production activity with and without surprisal included as a
parametric modulator, for example, in the superior temporal gyrus (STG). Although production
(without surprisal modulation) activated the STG, this region did not show increasing activa-
tion as a function of surprisal. By contrast, the STG was sensitive to surprisal during compre-
hension, suggesting that STG activity during production may reflect an efference copy of the
produced message. Crucially, we found no overlap in the neural substrates of production- and
comprehension-related surprisal, indicating that word predictability relies on distinct neural
mechanisms in the two systems. We propose that, during conversational comprehension, word
predictability primarily involves detecting prediction errors, whereas, during production, such
errors are minimized through extralinguistic adaptive processes in the mPFC, together support-
ing successful communication. To test the robustness of these findings, we are currently
extending the analysis by incorporating an additional, larger conversational dataset collected
in our lab.
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Wh-in-situ questions in Mandarin Chinese pose an interesting question for language prediction,
as the question word always remains in-situ (“The child ate what?”’). This means that, relative
to languages with fronted wh-questions like English (“What did the child eat?”’), in Mandarin
the crucial element for obtaining a complete interpretation of the sentence appears later. Prior
experimental research on Mandarin showed that readers do not predict a wh-question if there
is no early overt (morpho)syntactic cue, preceding context or prosody indicating a wh-inter-
rogative [1]. Conversely, when Mandarin listeners are provided with prosodic information in
out-of-the-blue contexts, they can significantly detect differences between an upcoming declar-
ative and a wh-question as early as the subject position (“the child”) [2]. The present study
therefore investigates whether prosody alone can support anticipatory processing in Mandarin
wh-in-situ questions and whether such prediction is reflected in time-locked ERP responses
indexing early prosodic processing and later lexicosyntactic integration. We conducted an
auditory ERP experiment (64 electrodes) on Mandarin speakers in China (n = 17) to examine
how wh-questions (Q|Q) and declarative control sentences (D|D) in Table 1 were processed
compared to their cross-spliced counterparts, indicated as (D|Q, Q|D). (D|D) and (Q|Q) condi-
tions differ only in the direct object position: (D|D) contains a noun phrase (e.g., juzi
‘orange(s)’) and (Q|Q) always contains the wh-phrase shénme ‘what’. For (D|Q, Q|D), we
cross-spliced (D|D) and (Q|Q) from the object onset: this means both conditions are incongru-
ent with respect to their controls only in terms of prosody. Though the material preceding the
object is string-identical, (D|D) and (Q|Q) significantly differ in their prosodic properties [2].
We thus expected to observe prosodic mismatches when compared with their controls at the
critical direct object position. Further, since [2] showed that the tone at the verb yielded signif-
icant differences for listeners in anticipating questions, we only included verbs carrying T1 and
T4. In total n = 144 target items (36 per condition) were randomly presented together with 144
fillers in a within-subjects configuration. Participants were asked to listen carefully to stimuli
and to answer a simple arithmetic question and a comprehension question in a third of the
experiment. Our results suggest that Mandarin listeners are sensitive to the prosodic mismatch
generated by the cross-spliced conditions in D|Q and Q|D when compared to their controls. For
both comparisons, effects are significant in CA electrodes during the 0—700 time-window,
aligning with prosodic mismatched ERPs (albeit with a positive polarity) [3,4,5,6,7,8].
Whereas for the D|Q vs. Q|Q comparison, effects are of negative polarity and significant in CP
electrodes during the 0—400 time-window, pointing to questions inducing ERP responses con-
nected to lexico-syntactic effects (N400) [6,9,10,11,12]. Finally, when tones are considered in
the statistical analysis, T4 is relevant in the D|D vs. Q|D comparison, whereas T1 is relevant in
the Q|Q vs. D|Q comparison. Results point to prosodic information prior to the critical wh-
phrase/ noun phrase position being used quite effectively by Mandarin listeners in order to
predict the upcoming clause type.
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Test sentences Control | Cross-spliced

Q. | LuéTao kénéng fen-le | shénme géi LiuDong? QQ D|Q
LuoTao perhaps give-PERF what to LiuDong
‘What did Luo Tao perhaps give to Liu Dong?’
D. | LuéTao kénéng fén-le | juzi ) g& Lubang. | DD | qlD
LuoTao perhaps give-PERF urange(s to LiuDong
)
‘Luo Tao perhaps gave orange(s) to Liu Dong.’

Table 1. Experimental conditions: Q stands for Question; D for Declarative; the “|” sign marks the
start of the cross-spliced material.
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Multimodal brain encoding for conversations
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Traditionally, brain imaging analysis in neurolinguistics involves decoding properties of the
stimuli (e.g. whether the participant is reading a real word or a non-word) from the pattern of
brain activity across voxels. More recently, a brain encoding approach has emerged that aims
to predict brain activity from stimuli or other conditions (Naselaris et al., 2011). The core idea
of this approach is to learn how the brain encodes stimulus representations by testing it on
previously unseen stimuli, trying to match the predicted and observed brain activity. With the
emergence of complex neural networks, encoding models started using network representations
to predict brain responses, suggesting that understanding network architecture would help
understand brain representations.

While promising results in brain encoding were achieved for images (Yamins et al., 2014),
speech (Millet et al., 2022), or text (Caucheteux & King, 2022), we aim to apply encoding to
conversation. It is a ubiquitous but greatly complex multimodal human behavior, which
involves both linguistic and extra-linguistic processing, spanning coordination, planning, and
reflection. Despite its omnipresence in our daily life, the neural infrastructure of naturalistic
real-time conversation remains largely understudied. Using an fMRI dataset of unscripted con-
versations between participants and a confederate (Torubarova et al., 2025), recent results show
differential processing of speaking, listening, and turn initiation (Torubarova et al., 2026;
Arvidsson et al., 2026). However, what exactly about the multimodal nature of conversation
contributes to these differences? A recent encoding study used a combination of foundational
text, audio, and video models with a dynamic time-sensitive transformer to successfully predict
brain responses to watching movies (d’Ascoli et al., 2025). We are adapting this approach to
conversation, encoding, crucially, also interlocutors’ roles in the turn exchange, building a
model that targets an interactive dialogue rather than passive stimulus perception. We are uti-
lizing text, audio, and video embeddings, together with a set of turn-taking and gaze features,
to identify how these modalities, in isolation and in combination, contribute to brain activity
prediction across functional networks and individual parcels (Schaefer et al., 2018). We use
average pooling to bring all data to the fMRI sampling frequency, accounting for HRF delay,
and evaluate cross-validated prediction in multimodal vs unimodal ablations. Similar to
d’Ascoli (2025), we hypothesize that multimodality would show the highest contribution in the
associative cortices, and specifically in the default mode network and the multiple demand
network, which we showed previously to be involved in conversation (Torubarova et al., 2026).

Multimodal conversational encoding for fMRI data has not been studied before. However,
our earlier investigation of the same dataset showed that a combination of multimodal data, 1.e.
text embeddings, turn-taking features, and brain activity across comprehension, production,
and default mode network ROIs, can successfully predict the predefined level of engagement
in the conversation. This preliminary result demonstrates the benefit of combining multimodal
data with fMRI for studying conversation.
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Cross-linguistic transfer theory in aphasia therapy: Q-data
evidence from language use in Moroccan medical education
and practice

Kawatar Essabiri

Chouaib Doukkali University, El Jadida, Morocco

This study investigates the feasibility and implications of applying cross-linguistic transfer
(CLT) theory to post-stroke aphasia therapy within Morocco’s diaglossic context. Given the
social, institutional, and educational coexistence of Modern Standard Arabic (MSA) and
Moroccan Arabic (MA) the research explores whether language recovery in MA can be pro-
moted through therapy conducted in MSA, the formal language of instruction and literacy. A
Q-methodological design was employed to examine patterns of language use among Moroccan
medical doctor trainees. Participants completed Q-sorting tasks self-reporting their pattern of
language use across five domains of medical education: (1) theoretical instruction, (2) practical
training, (3) communication with supervisors and peers, (4) interaction with patients and their
families, and (5) engagement in medical research. The factor analysis of Q-sorts revealed
distinct language-use patterns reflecting both uniformly consistent language use patterns across
formal contexts, and inconsistent linguistic behaviors in self-directed contexts. Six identified
factors suggest common predominance of institutionally recognized languages, French English
and Standard Arabic, in formal academic and research contexts, while MA remains dominant
in interactions with patients and peers, reflecting a functional distribution of language use
across domains. Findings support the potential feasibility of implementing CLT-based aphasia
therapy in Morocco. The study argues that MSA, due to its literacy-based representation in
primary education of professionals and patients, may facilitate cross-linguistic transfer toward
MA recovery.
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N400 effects are left-lateralised when individuals engage
more in language prediction during language comprehension
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Individuals differ in how much they rely on prediction during language processing. Underlying
these differences are factors such as age (Schuckart et al., 2025), working memory capacity
(Huettig & Janse, 2016; Li & Qu, 2024) and cortical structure (Novén et al., 2021). In a com-
bined electroencephalography (EEG) and response time study, we investigated how engage-
ment in prediction affected brain responses.

Individual measures of reliance on prediction were estimated in a lexical decision response
time study. Fifty-five L1 speakers of Swedish read adjective-noun phrases presented word by
word. Phrases varied in surprisal = —log2 P(noun|adjective). Conditional probabilities
were computed based on a > 1 billion token Swedish corpus. Half the nouns were replaced with
pseudowords, and participants performed a lexical decision task. For example, in the phrase
Oppen gata “open street”, surprisal is high because many different words can follow 6ppen. For
vispad gradde “whipped cream”, surprisal is low because few words can follow and gradde is
by far the most probable (Figure 1). Most participants responded faster to more predictable
stimuli (cf. Fruchter et al., 2015), but the strength of this correlation differed (Figure 2). Reli-
ance on prediction was operationalised as the correlation strength of surprisal and logtrans-
formed response times. While some individuals responded faster to more predictable stimuli,
others were not influenced by predictability; correlation coefficients ranged from —0.06 to 0.41,
M=0.11,SD =0.1.

EEG was recorded at 64 electrodes while participants performed the task. We fitted linear
mixed-effects regression models over every electrode and time point. Predictors were surprisal,
reliance on prediction and their interaction. In line with previous studies, N400 effects were
larger for more surprising nouns (Kutas & Federmeier, 2011) and peaked over left parietal
electrodes 300-450 ms after noun onset. In the same time window, there was a positive effect
over right frontal electrodes, suggesting a dipole. The N400 effect was modulated by reliance
on prediction: As engagement in predictive processing increased, the effect of surprisal on
N400 amplitudes did so too, meaning that predictable and unpredictable nouns showed larger
voltage differences (Figure 3). The interaction effect was slightly left-lateralised and peaked
late, ~450 after noun onset. These effects remained significant after controlling the false dis-
covery rate (Benjamini & Hochberg, 1995).

The findings are in line with the N400 as indexing prediction error, i.e. the deviation between
prediction and sensory input (Rabovsky et al., 2018). N400 effects were enhanced when lan-
guage users engaged more in prediction — at least in a local context. The left-lateralised inter-
action effect could align with stronger left-hemisphere feedback connectivity preparing lower
cortical levels for processing of upcoming words, as suggested by Federmeier (2007). Such
preparation would result in reduced effects to predictable nouns and increased effects to less
predictable nouns, in line with the results reported here. The latency of the interaction effect
was somewhat later than the main effect, suggesting that “predictors” did so mainly by pre-
activating lexical-semantic information. These effects have a later onset than prediction error
based on form or structure (Heilbron et al., 2022).
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Figure 1 (left) visualises two phrases varying in surprisal (i.e. the negative log-transformed conditional proba-
bility of the noun). In the phrase 6ppen gata “open street”, surprisal is high for the noun gata (5.74 bit) because
many different words can follow 6ppen. For vispad grddde “whipped cream”, surprisal is low (0.25 bit) because
few words can follow and gridde is by far the most probable. Figure 2 (right) displays response times (RT) as
an effect of surprisal for 9 of the 55 participants. The color gradient represents the correlation strength between
surprisal and log-transformed response times. Greener lines indicate stronger reliance on prediction.

A) Surprisal B) Surprisal * reliance on prediction

50-100 ms 100-150 ms 150-200 ms

0-50 ms 50-100 ms 100-150 ms 150-200 ms

300-350 ms 350-400 ms 200-250 ms 250-300 ms

Figure 3 shows the ERP effects of A) surprisal and B) the interaction between surprisal and individual measures
of reliance on prediction. ERPs are averaged over 50 ms intervals and color gradients indicate t-values over
individual electrodes.
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Effects of (sub)phonemic overlap during processing of
alveolar consonants in L1 and L2 English

Rianne van Lieburg

Utrecht University, Utrecht, Netherlands

Listeners need to assign incoming speech sounds to a particular speech sound category. These
category representations are very fine-grained and are sensitive to information beyond the pho-
nemic level. It is unclear whether current psycholinguistic paradigms tap into phonetic or
(sub)phonological mental categories of phonemes (e.g., Williams et al., 2023). In addition,
there may be a difference between L1 and L2 speech sound categories: L2 categories may be
more phonetic in nature than L1 categories (Barrientos, 2023).

We investigated (1) to what extent L1 and L2 perceptual processing of consonants is affected
by subphonemic overlap of manner features and (ii) whether effects of subphonemic categori-
cal overlap map onto common substitutions in L2 speech.

We investigated the processing of the coronal consonants /0/, /s/, /t/ and /n/ in (i) 40 L1
English speakers, (i1) 40 L1 Dutch-L2 English and (iii) 40 L1 German-L2 English participants.
In L1 English, both /6/ and /s/ are continuant consonants. L1 Dutch participants tend to substi-
tute [0] by [t], while L1 German participants commonly produce [s] for [0].

We used the cue-distractor paradigm in a Go/No Go-task (cf. Williams et al., 2023). At each
trial (N =960), participants heard a distractor thick, tick, sick or nick while seeing a cue THICK
or TICK. Participants pressed Space when they read THICK (block 1) or TICK (block 2). We
compared reaction times between conditions in a linear mixed effects model.

We did not find any significant effects of (sub)phonemic overlap in the L1 English group.
Participants did not react faster to THICK with the distractor thick (phonemic overlap) or sick
(overlap in continuant feature) than with nick. In L1 German, we found an effect of phonemic
overlap: participants were faster to respond to TICK with the distractor tick (468 ms) than with
nick (475 ms, p = .04), but no effects of subphonemic overlap. In L1 Dutch, we did not find
the hypothesized effects of (sub)phonemic overlap, but participants were faster to respond to
TICK with cue tick (461 ms) than with thick (465 ms, p = .006), and were faster to respond to
THICK with cue tick (450 ms) than with sick (458 ms, p =.0003).

In contrast with previous studies (e.g., Roon & Gafos, 2015; Williams et al., 2023), effects
of (sub)phonemic overlap were absent in L1 English. The MOPE is more sensitive to place
features than to manner features (Ulicheva et al., 2022), which may also hold for the cue-dis-
tractor task. Although differently from the expected patterns, some effects were found in L1
German and L2 Dutch. First, the cue-distractor paradigm may be more sensitive to phonetic
overlap than to abstract phonological categorical overlap. Secondly, the stored mental repre-
sentation for L2 /6/ in L1 German and L1 Dutch may mainly rely on articulatory cues (e.g., the
tongue position of /6/ is more frontal than /t/ or /s/).
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Chronic stress and second language acquisition in immigrant
children and their parents

Camilla Nilsson!, Alexandra S. Dylman2, Eric Pakulak!, Annika Andersson3 & Susan
Sayehli!

1 Stockholm University, Stockholm, Sweden
2 Mdlardalen University, Visterds, Sweden
3 Linnaeus University, Vixjo, Sweden

Learning and proficiently using a host country’s language is widely recognized as a key factor
for entering and participating in a new society and is linked to positive academic, social, and
economic outcomes. Immigrants, both children and adults, vary greatly in the rate and success
at which they acquire a second language (L2). A better understanding of the factors that affect
this variability is therefore essential. The aim of this project is to study one factor that has
surprisingly not been systematically examined in this context: chronic stress.

Immigrants are often exposed to chronic stress due to challenges associated with migration.
Prolonged activation of the stress response system over an extended period of time has been
shown to have disruptive effects on brain structure and function important for learning. Both
the prefrontal cortex and the hippocampus, that are involved in stress regulation, also support
core linguistic domains, including (morpho)syntactic and phonological processing, and lexical
acquisition. Against this background, we investigate the role of chronic stress in the acquisition
of Swedish as an L2.

We will employ an integrative approach that combines state-of-the-art knowledge and meth-
odologies from two separate disciplines to explore the relationship between chronic stress and
L2 acquisition: applied linguistics and neurocognitive psychology. More precisely, our study
will relate standardized lexical, phonological, morphological, and syntactic measures of Swe-
dish L2 acquisition to a rigorous assessment of chronic stress, consisting of both subjective
self-reports and objective hair cortisol concentration measures. Participants will be native
Arabic speakers learning L2 Swedish. We will follow children (512 years) and their parents
(1850 years) over time. This longitudinal parent/child design allows us to examine how
chronic stress relates to L2 acquisition at different ages. In addition, this design will partly
account for genetic and environmental influences, overcoming important limitations of previ-
ous L2 acquisition research. Our statistical analyses will control for well-established predictors
of L2 proficiency, including socio-economic status, L2 exposure, working memory, and self-
regulation.

Given the central role of the prefrontal cortex and hippocampus in language acquisition,
and, in turn, their sensitivity to the chemical effects of chronic stress, we hypothesize that
higher levels of chronic stress will be associated with slower acquisition of Swedish L2. We
further expect that this association may vary across linguistic domains. In addition, the rela-
tionship between stress and L2 acquisition may differ between children and adults, reflecting
age-related differences in neuroplasticity and stress regulation. Finally, we hypothesize that
objective and subjective measures of stress will show partially overlapping but distinct associ-
ations with language outcomes. As this project is presently in the design stages, in this presen-
tation we will outline the theoretical rationale, detail the longitudinal parent/child design,
describe the linguistic and neurobiological measures employed, and discuss the analytical strat-
egies and potential challenges with our research design.
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Early morpho-orthographic decomposition in L2 reading and
its modulation by executive control: An ERP and time-
frequency study in Turkish—English bilinguals

Alireza Rahmanian, Oykii Yigiter & Emire Elif Unliiaslan
Bogazigi University, Istanbul, Tiirkiye

Morphological decomposition is widely shown to constitute an early and automatic stage of
visual word recognition, typically by attenuating the N250 component during masked priming
tasks (Holcomb & Grainger, 2006; Morris et al., 2008). However, whether second language
(L2) readers recruit decomposition routines derived from their first language (L1) remains
unresolved, particularly when the two languages differ typologically in their morphological
structure. Turkish, as a highly agglutinative language, relies heavily on morphemic parsing for
lexical access (Giirel, 1999; Kirkici & Clahsen, 2012), in contrast to English, which presents
limited derivational morphology. The present study investigates whether Turkish L1 university
students with high L2 English proficiency in English-medium instruction programmes assimi-
late L1-derived affix-stripping strategies during L2 reading and whether domain-general exec-
utive control modulates this process (Perfetti et al., 2007; Green, 1998).

To address this question, we designed a masked morphological priming EEG paradigm to
examine early neural sensitivity to derivational morphology in L2 visual word recognition.
Highly proficient Turkish—English bilingual university students are currently completing a
lexical decision task involving three prime-target conditions: semantically transparent
(weaken-WEAK), semantically opaque (department-DEPART), and orthographic control pairs
(cashew-CASH). Primes are presented for approximately 60 ms under forward masking to
isolate automatic morpho-orthographic processing independent of conscious strategy use
(Rastle et al., 2004). Continuous EEG is being recorded using a Brain Products 32-channel
system at the Biomedical Engineering Institute of Bogazi¢i University, with event markers
time-locked to both prime and target onset in a word-nonword paradigm. Event related
potentials (ERPs) will be computed relative to target onset, focusing on the N250 (200-300
ms) as an index of morpho-orthographic segmentation and the N400 (300-500 ms) as a marker
of semantic integration (Holcomb & Grainger, 2006).

Time-frequency analyses will be conducted to estimate event-related spectral perturbations
(ERSPs) in the theta band (4 to 7 Hz). Theta-band power will be examined as a time-sensitive
measure of oscillatory activity time-locked to target onset. Midfrontal theta power over fronto-
central electrodes (FCz, Fz, Cz) will be taken as a neural index of conflict monitoring and
inhibitory control recruitment during lexical competition (Bastiaansen & Hagoort, 2006;
Cavanagh & Frank, 2014). Individual differences in domain-general inhibition will be
independently assessed using an Arrow-Flanker task in order to examine potential modulation
of early morpho-orthographic decomposition processes (Linck et al., 2008).

Before EEG acquisition, a behavioural pilot study was conducted to validate the stimulus
set and task parameters. Response times demonstrated facilitation for morphologically related
targets in both transparent and opaque conditions relative to unrelated controls, whereas
orthographic pairs showed minimal facilitation. Accuracy rates remained high across
conditions, supporting the suitability of the stimulus set for neurophysiological investigation.

Planned ERP analyses will test whether Turkish—English bilinguals exhibit reduced N250
amplitudes for both transparent and opaque pairs relative to unrelated controls, with N400
attenuation expected only for transparent pairs. In addition, inhibitory control is hypothesized
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to modulate early parsing such that participants with lower Flanker cost show reduced N250
priming effects for opaque pairs, indicating suppression of spurious morphemic structure.
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Aphasia is an acquired language disorder, characterized by impaired language comprehension
and/or production that leads to communication difficulties in daily life. Multimodal Commu-
nication Treatment (MCT) targets functional communication by encouraging flexible use of
multiple expressive modalities, such as, speech, gesture, drawing, and writing [1]. Variations
of MCT, including telepractice version (teleMCT), have shown positive outcomes among Eng-
lish speakers with aphasia [1-4], mostly at the word-level. However, its effectiveness for non-
English speakers with aphasia and its impact at the discourse-level remain underexplored.

This study evaluated the effects of teleMCT for Korean speakers with aphasia by comparing
preand post-treatment communication abilities. We investigated changes in spoken and non-
spoken modalities to examine modality-specific treatment outcomes.

Participants were four male, right-handed, Korean speakers with chronic anomic aphasia:
one Korean-monolingual and three Korean-English bilinguals. Etiologies included stroke and
brain tumor resection.

We employed a single-subject, ABA design consisting of four pre-treatment evaluations, a
10-week treatment phase (teleMCT-K), and four post-treatment evaluations. In each treatment
session, participants were trained on four nouns using multiple modalities, including speaking
and non-speaking methods (writing, drawing, gesturing, and a communication book), at the
single-word and discourse (picture description) levels. High- to medium-frequency nouns were
individually selected to target functional daily use. Treatment effects were evaluated using
Cohen’s d for overall communicative accuracy and the number of modalities accurately used
across 30 nouns (20 trained and 10 untrained).

All four participants either slightly improved or maintained their accuracy in the spoken
modality at both the word and discourse levels. The most salient difference was an increased
frequency of accurately used non-spoken modalities, despite individual variability. All partici-
pants showed very low use of non-spoken modalities at baseline, however, after treatment, two
participants demonstrated increased accurate use of non-spoken modalities at the word level.
This change was statistically significant in P1(Cohen’s d = 4.0) and a non-significant but pos-
itive increasing trend in P2 (d = .83). Nonetheless, this change was not evident at the discourse
level across participants.

Our findings suggest that tele-delivered Multimodal Communication Training can facilitate
improved communication in individuals with aphasia by increasing the use of compensatory,
non-spoken modalities without compromising spoken communication.

The findings with Korean speakers were similar with those of previous studies involving
English speakers [ 1-4], suggesting that experiences with multimodal communication treatment
may promote neuroplasticity and associated cognitive and behavioral changes. However, the
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limited treatment effect observed in other participants may reflect individual or cultural differ-
ences in preferences for using multimodal communication.

Additionally, stronger effects at the word-level than at the discourse-level suggest that dis-
courselevel communication places greater cognitive and linguistic demands that may require
increased treatment intensity or task-specific training. Together, these findings highlight the
importance of considering modality selection and functional strategy use as meaningful out-
comes of aphasia intervention, particularly in telepractice contexts and in linguistically diverse
populations.
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Mood effects on processing syntactic anomalies

Ekaterina Kopaeva, Eva Klingvall & Fredrik Heinat
Lund University, Lund, Sweden

Understanding how affect interacts with the neural dynamics of syntactic processing remains
an open question in neurolinguistics. While syntactic anomaly detection has been extensively
characterised through electrophysiological markers such as LAN and P600, the extent to which
pervasive affective states, or moods, modulate these components is still poorly understood.
Existing studies suggest that induced moods can alter sensitivity to syntactic violations, yet
these findings are limited by the absence of neutral baselines, inconsistent induction proce-
dures, and potential intervening factors. As a result, the field lacks a principled account of how
mood interacts with the time course of morphosyntactic processing.

The present EEG study addresses this gap by offering a controlled, time-sensitive investi-
gation of mood-dependent modulation of syntactic anomaly processing using positive, nega-
tive, and neutral induced moods. By incorporating a neutral baseline and tightly controlling
intervening factors, this study isolates the contribution of affective states to both early and late
electrophysiological responses to syntactic violations. Participants read sentences containing
either correct grammatical subject-verb agreement or a mismatch in number, allowing us to
track mood-related changes in the neural dynamics of morphosyntactic parsing.

Based on prior work, we expect positive induced mood to modulate later stages of sentence
processing, yielding a more robust P600 in response to agreement violations relative to the
neutral and negative condition. Negative mood, by contrast, is expected to attenuate and delay
P600 eftects, reflecting reduced engagement in syntactic reanalysis. Crucially, the inclusion of
a neutral condition enables us to determine whether previously reported effects reflect genuine
mood-driven modulation or methodological artefacts. Mood-related modulation of LAN, if
observed, will indicate that affective states can probe early morphosyntactic parsing, modulat-
ing the rapid detection and evaluation of agreement cues before later integrative processes
unfold.

By combining controlled mood induction with high-density EEG and a well-established
syntactic violation paradigm, the study examines how affective context may shape the neural
computations underlying sentence processing. The results will be interpreted within traditional
sociocognitive and novel predictive models of mood, clarifying how affective states influence
the neural dynamics of syntactic processing. In doing so, the study advances neurolinguistic
theory by demonstrating that mood is not merely a background variable but a systematic mod-
ulator of the neural dynamics that support real-time language comprehension.
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Prosody predicts morphology: RSA evidence for distinct
predictive mechanisms in Swedish word accents

Jinhee Kwon & Mikael Roll
Lund University, Lund, Sweden

Swedish tone accents (accent 1 and accent 2) provide early prosodic cues to a noun’s morpho-
logical continuation. Accent 1 typically predicts a definite singular ending (fisk-en, “the fish”),
whereas accent 2 often signals plural or indefinite forms (fisk-ar, “fish-PL”). Electrophysiolog-
ical studies have shown that such tonal cues elicit a Pre-activation Negativity (PrAN), a left
fronto-temporal negativity around 130-300 ms interpreted as morphological pre-activation
(Roll et al., 2013, 2015; Soderstrom et al., 2017), followed by a P600 for morphologically
incongruent suffixes reflecting morphosyntactic reanalysis.

Here we ask how tone-based morphological predictions are represented. Using representa-
tional similarity analysis (RSA; e.g., Wang et al., 2018), we test whether neural activity
between stem and suffix clusters according to predicted morphological continuation rather than
stem identity alone, thereby distinguishing prediction of morphological continuations from
processing of the tone cue itself. Participants will hear disyllabic stems carrying accent 1 or
accent 2, followed by different types of suffixes.

Spatial RSA will test whether trials predicting the same suffix (e.g., -en) show greater neural
similarity across lexical items than trials sharing only stem identity. Temporal RSA will further
assess whether such predictions are associated with shared temporal dynamics within the PrAN
window.

We additionally test whether the two tone accents support different predictive mechanisms.
Accent 1 may favour access to stored whole-word forms, whereas accent 2 may engage com-
binatorial morphological processing. By characterizing the representational structure of neural
activity preceding suffix onset, this study moves beyond detecting prediction effects and
reveals the representational geometry of tone-driven morphological pre-activation.
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Socio-pragmatic communication difficulties are linked to
information accumulation dynamics, not sensory deficits

Peter Bang!, Lea-Marie Tewald!, Lisa Bauknecht!, Dirk Wildgruber? & Yulia Oganian!
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Social pragmatic communication (SPC) difficulties are a core component of the autism pheno-
type. SPC abilities are tightly linked to prosody processing, because listeners must interpret
intonation in speech to infer intent and to anticipate how a conversation will unfold. A central
aspect of prosodic processing is the ability to identify where stress is placed within a word
(e.g., to pre-SENT vs. a PRE-sent) and within a sentence (WHO bought cupcakes? vs. who
bought CUPCAKES?). A key open question is whether SPC-related differences in prosodic
judgments primarily reflect reduced sensitivity to acoustic cues (a sensory-deficit account) or
reduced flexibility in updating perceptual decisions as evidence changes (an updating account).
Work on serial dependence highlights that consecutive perceptual decisions can be biased by
recent history through at least two separable mechanisms: a repulsive influence of prior stimuli
reflective of sensory adaptation, and an attractive pull toward prior choices reflective of deci-
sion-level integration. This dissociation has been demonstrated for perception of speech and
non-speech sounds. It provides a principled framework for testing whether communication-
related traits are linked to sensory encoding, perceptual decision making, or both.

To contrast the sensory and updating accounts for the link between prosody processing and
SPC, typically developed (n = 80) and autistic (n = 20) participants completed a word-level
and a sentence-level stress judgment task in two separate order-randomized blocks. On each
trial, listeners judged which syllable or which word was emphasized while acoustic evidence
for stress was manipulated along either pitch- or duration continua. SPC difficulties were
measured using with a Conversation Questionnaire (CQ).

Judgments tracked current acoustic evidence in both tasks, indicating intact mapping of
prosodic cues to stress. Beyond these stimulus-driven effects, responses showed robust history
dependence consistent with the dual-mechanism serial dependence framework: stimuli
repulsion and choice attraction. Crucially, CQ was not associated with a general bias in stress
judgments, weaker sensitivity to pitch or duration evidence, or stronger stimulus-driven
repulsion. Instead, greater SPC difficulties selectively predicted stronger choice-history
attraction. This pattern of results shows that communication-related deficits can arise even
when sensory cue processing is intact, when recent decisions are over-weight, producing
increased decisional inertia and less flexible trial-to-trial adjustment to novel acoustic evidence.

This pattern aligns with reports of increased choice consistency in autism and with slow-
updating frameworks that emphasize reduced flexibility in adapting predictions to recent
context. Overall, our results support an updating account of SPC-linked differences in prosodic
perception.
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Linking variability in pitch accent production and perception
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Prosody can mark sentence elements occupying parallel roles. In “Mary kissed John, not
Peter”, a contrastive accent on Mary or John cues the implied syntactic role of Peter. There is
known to be between-listener variability in the perception and interpretation of prosodic phe-
nomena such as contrastive accents. Similarly, there is considerable between-speaker variabil-
ity in the realisation of prosodic cues. We asked if variability in prosody production and per-
ception are linked. 40 female native speakers of Dutch participated in a production and percep-
tion experiment. The experimental sentences (in Dutch) were of the type “The police officer
arrested the thief, not the inspector/murderer”. In the production session, participants per-
formed a picture description task in which a lead-in sentence encouraged the realisation of a
contrastive accent on the subject or object of the main clause. In the perception session, two
weeks later, participants listened to the experimental sentences, recorded by a separate speaker.
From these sentences the ellipsis clause was omitted. Participants indicated the focus structure
they perceived by selecting (via button press) the semantically appropriate sentence-final noun
(presented visually). The perception experiment confirmed individual differences previously
reported, with some listeners exhibiting good sensitivity to prosodic information and others
relying on a structural bias. The production data were analysed using contour clustering. Again,
between-speaker differences were found, with varying degrees to which distinct focus condi-
tions could be categorised based on each speaker’s intonation contours. A forthcoming analysis
will test the production-perception link: Can the perceptive ability to discriminate between
prosodic categories predict the degree to which two distinct prosodic categories are produced?
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EEG-based visualization and interpretation of brain wave
changes during real-time language learning processes

Neslihan Bakirci
Istinye University, Istanbul, Tiirkiye

Language acquisition is a multidimensional process requiring the integration of reading, writ-
ing, speaking, and listening skills. This prospective, single-center, and non-interventional clin-
ical study aims to comparatively examine the neurophysiological correlates of visual (reading)
and auditory (listening) information encoding channels in the brain during second language
acquisition. To avoid the high risk of muscle artifacts generated by speaking and writing
actions, this study focuses specifically on receptive language skills. The sample group consists
of 50 right-handed volunteers aged 20-35 with a CEFR A2 level of English proficiency, deter-
mined via convenience sampling based on the time-consuming nature of EEG and higher par-
ticipant motivation. The experimental protocol includes recording 20- channel resting EEG (2
minutes eyes closed, 2 minutes eyes open) and an active task EEG. Participants will be exposed
to 20 target B1-level English words (10 auditory via headphones, 10 written on-screen visual)
using a time-locked stimuli presentation design. Each word stimulus is presented for a total of
30 seconds (10 seconds for the time-locked word introduction and 20 seconds for internal sen-
tence generation to employ elaboration strategies). To minimize artifact contamination, no
vocal or written responses will be collected during tasks. Raw EEG data will be cleared of
artifacts using MATLAB-based EEGLAB and processed with Surface Laplacian transfor-
mation to optimize spatial resolution. Spectral power analysis will be conducted to generate
scalp topographic maps in theta, alpha, and beta bands. Brain activity differences, particularly
in the left temporal and frontal lobes, will be evaluated using permutation-based statistical
mapping tests and Repeated Measures ANOVA. Additionally, the relationship between EEG
spectral power values and the pre-test/post-test success scores will be analyzed using Pearson
or Spearman Correlation Analysis. The findings are intended to reveal the relation with cogni-
tive load and learning performances aligned with the tests, demonstrating the neurophysiolog-
ical differences between reading and listening processes in foreign language teaching.
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Integrating simulation and evaluation in affective language
processing: A multiple-drivers account of corrugator activity

Marijn Struiksma & Li Kloostra

Utrecht University, Utrecht, Netherlands

Across several studies we found that corrugator supercilii activity during affective language
comprehension reflects multiple interacting affective processes (‘t Hart et al. 2018; 2019, 2021;
Kloostra et al. in press). Emotion-describing language in short narratives reliably elicits frown-
ing responses that are strongly modulated by moral context. When characters are described as
morally good, corrugator activity tracks affective valence of linguistic stimuli and negative
affective states (e.g., angry, frustrated) evoke greater corrugator activity than positive states
(e.g., happy). This result could be ascribed to simulation-based situation model construction.
Additionally, the corrugator may indicate evaluation of the affective event in context. In con-
trast, when characters are described as morally bad, valence-based differentiation is attenuated,
absent, or reversed, indicating that simulation-based affective responses are counteracted by
evaluation.

Temporal manipulation, of word-by-word presentation, show that affective simulation of
narrative events (e.g. ‘Mark is frustrated’) operates primarily at the level of situation model
construction, rather than during lexical access. Critically, corrugator responses to later affective
events do not simply track event valence, but instead reflect an integration of simulated emotion
of the character and moral evaluation. Attempts to strengthen evaluation via explicit rating
tasks produced unexpected effects, suggesting that evaluative processes are not unitary, but
instead consist of multiple layers that can be selectively engaged, disrupted, or reweighted by
task demands.

Together, these findings consistently support a multiple-drivers framework in which corru-
gator activity reflects the integrated outcome of at least three interacting components. First, an
affective simulation driver that supports automatic, language-driven simulation of described
emotional states during situation model construction. Second, an immediate affective evalua-
tion driver that rapidly evaluates characters in light of moral norms (e.g., approval vs. disap-
proval), potentially opposing the valence of the simulated state. Third, a reflective evaluation
driver that engages slower, cognitively mediated evaluations that can amplify, suppress, or
reorganize earlier affective responses. Such reflective evaluation can (also) be task- or trait-
mediated (e.g. fairness judgments or justice trait). Corrugator activity thus reflects the net result
of these interacting drivers, rather than any single driver.

This architecture has direct implications for embodied cognition accounts. Facial EMG
responses should not be interpreted as a straightforward readout of affective simulation.
Instead, embodiment must be understood as contextually embedded and evaluatively con-
strained, with simulation operating within a dynamically structured evaluation system. The data
therefore call for a revision of strong simulation-based interpretations of peripheral facial mus-
cle activity.

We accordingly propose a multiple-drivers model of affective processing, in which emo-
tional responses to language emerge from the dynamic integration of simulated affect, moral
and normative evaluation, and higher-order, task-dependent evaluation. Such a model better
captures the complexity of affective language comprehension in narratives and re-frames
peripheral facial muscle activity as indices of composite affective states rather than simulation
dominated.
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Neural activity related to engagement in conversation
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In conversation, engagement is an illocutionary force that compels a person to be an active,
interested, and contributing participant. We investigated neural infrastructure related to how
much a person engages in a conversation, and how it is modulated how the interlocutor engages
with the participant.

We used a subset of the NeuroEngage data set together with the related CONVERSE data
set (Torubarova, et al., 2025; Torubarova, et al., 2025; Torubarova et al., submitted). Partici-
pants underwent a fMRI scan while in a conversation with an operator. The data used was
gathered from 28 subject, each participating in three ten-minute long conversations each. The
audio was annotated for how engaged a person was on a turn-by-turn basis, either low, medium
or high. It was then matched with the fMRI data. We compared imaging data of participants
producing speech at different levels of engagement to identify neural modulation depending on
engagement level. The operator was tasked with maintaining a prescribed level of engagement
with the participant for the duration of an experiment session (likewise either low, medium, or
high). We used this to investigate the effect the conversation environment (in terms of engage-
ment) has on how the participants engage in the conversation, by subdividing the annotated
engagement events by what level of engagement the operator maintained.

We first used statistic parametric mapping (SPM; Flandin & Friston, 2008) to investigate
the difference between high and medium annotated engagement. We found two regions of
interest. Right dominant bilateral activation in posterior aspects of the temporal lobes was
observed when a person was producing speech during a medium level of engagement compared
to a high level. No significant activation was seen in events during high engagement compared
to medium engagement. Based on this initial study we have formulated a follow-up analysis.
We will expand the events under study to include low engagement as well, and we investigate
every pair of engagement levels. We will do whole brain and ROI analyses for these pairs, with
the areas that identified in the initial analysis used as the basis of the ROI study.

These areas we observe in medium vs high engagement are likely to subserve communica-
tive processing that aim to fix issues that have arisen in the conversation. The presence of such
issues were indeed features used when annotating medium vs high engagement. This interpre-
tation fits with the pattern of areas we observe, which are relevant to theory of mind tasks and
communicative intent but also short term auditory memory and language processing of the
literal message. Altogether, our investigation emphasizes the importance of studying natural-
istic language tasks, also in a challenged state and how this might reveal important information
about the biological basis for the human interaction engine (Levinson, 2006).
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Pragmatics partially segregated from Theory of Mind:
Evidence from resting-state functional connectivity
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Pragmatics and Theory of Mind (ToM) are at play during conversational interaction, yet the
nature of the relationship between the two in the conversational context is a matter of debate.
Some theoretical accounts have placed pragmatics as a sub-module within the construct of
ToM. However, empirical work in both neurotypical and atypical populations suggests at least
a partial segregation between the two domains. Using resting-state functional magnetic reso-
nance imaging (rs-fMRI), we investigated this relationship and whether individual differences
in pragmatic ability can be associated with differences in intrinsic functional connectivity
between brain regions at rest. Specifically, we assessed connectivity (i) within the ToM net-
work, (i) within the language network, and (iii) between the ToM and language networks. We
also tested whether the degree of connectivity was related to pragmatic performance, assessed
behaviorally outside the scanner. In addition to the ToM and language networks, we examined
connectivity between two parietal clusters: one located in the left anterior intraparietal sulcus
and another in the bilateral dorsal precuneus. These clusters lie outside both the canonical ToM
and language networks. Notably, we have previously shown that activity within these clusters
covaries with pragmatic skill in adults. This pattern was interpreted as suggesting that at least
some aspects of pragmatics rely on resources outside the domains of ToM and language. Our
functional connectivity analyses revealed that the two parietal clusters were robustly connected
to each other at rest. Moreover, the degree of connectivity between the clusters was associated
with pragmatic skill level, where higher pragmatic skill was linked to higher connectivity. In
contrast, pragmatic skill was not related to functional connectivity patterns (i) within the ToM
network, (i1) within the language network, or (iii) between these networks. In addition, the two
parietal clusters did not show functional connectivity at rest with either the ToM or language
network. Taken together, our results provide further support that pragmatics can be, at least
partially, segregated from both ToM and language. While both ToM and language are engaged
during pragmatic processing, our data indicate that individual differences in pragmatic ability
cannot be explained by resting-state connectivity within or between these networks. We also
strengthen our previous finding of the pragmatic relevance of two parietal clusters, as func-
tional connectivity at rest between the two was associated with pragmatic skill level. Further-
more, the two clusters cannot be considered as extensions of either the ToM or language net-
work. Our results are thus not compatible with accounts that reduce pragmatics to a sub-module
within ToM or to a mere combination of ToM and language. Rather, we argue that individual
differences in pragmatic ability are at least partially supported by mechanisms distinct from
both these domains. Ongoing work suggests that additional systems, such as the Multiple
Demand and Default Mode networks, may also play a role in pragmatic processing, highlight-
ing the complexity of the neural architecture underlying pragmatics.
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Predicting gender and definiteness in L1 and L2 Swedish:
An ERP study
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Stockholm University, Stockholm, Sweden

Language comprehension is predictive in nature, meaning that speakers make anticipations of
upcoming information based on probabilistic cues, like grammatical gender, in the input
(Kuperberg & Jaeger, 2016). While native speakers (1) may exploit grammatical information
like gender during realtime processing, evidence for comparable predictive mechanisms in sec-
ond language (L2) speakers is mixed (Kaan & Griiter, 2021). The Swedish gender system is
largely opaque, meaning that the noun form often cannot be used to classify nouns as common
or neuter, posing a challenge for L2 learners. Yet, definiteness is sometimes encoded through
suffixation, where gender becomes fully recoverable from the noun form (ring-en, ring
pEF.coMMON; smyck-et, jewelry.perneuTer). This project investigates whether L1 and L2 speak-
ers of Swedish generate predictive expectations involving grammatical gender and definite-
ness.

The planned ERP reading study investigates the extent to which L1 Swedish speakers and
advanced L1 Finnish speakers of L2 Swedish generate predictive expectations about (i) the
gender of an upcoming noun, (ii) its form (indefinite vs. definite), and (iii) the interaction
between these two features. Each noun appears in two contexts, one strongly biasing an indef-
inite continuation (1), the other a definite continuation (2) (Cloze probability M = 74%). The
target is provided within brackets.

(1) Mikael ville gifta sig med Sofia men han hade inte fragat henne dn. Mikael besokte en guldsmedja och
kopte [en ring] ...
Mikael wanted to marry Sofia but hadn’t asked her yet. Mikael visited a goldsmith and bought a.coMMON
ring-COMMON

(2) Mikaels och Sofias vigsel var mycket kdnslosam. Sofia grat mycket nér Mikael placerade [ringen] ...

Mikael and Sofia’s wedding was very touching. Sofia cried a lot when Mikael placed ring-DEF.COMMON

In (1), the noun is most likely to appear in the indefinite form, while in (2), the definite form
is more likely. In (1), speakers will either read the target noun, or another noun of the other
gender category, like ett smycke (a-nruTer piece of jewelry.neuter). In (2), participants only
encounter indefinite forms for en ring or ett smycke. The aim is to examine whether L1 and L2
speakers elicit N400 effects when the presented indefinite article mismatches the gender of the
most likely noun (Wicha et al., 2004), or when expected definiteness is violated (Fleur et al.,
2019). These effects would indicate that speakers not only anticipate the noun but also its
morphosyntactic configurations. Additionally, the study will examine whether the two features
interact, such that effects of unexpected nouns (e.g., ett smycke, examples above) differ in
timing or latency, depending on whether the expected continuation was indefinite (1) or definite
(2).

Importantly, the L2 speakers may differ from the L1 speakers, as Finnish lacks gender and
articles altogether, and because there is no morphological marker exclusively used for definite-
ness (Vilkuna, 1992). Therefore, the proposed project can contribute to broader debates on
predictive mechanisms in L1 and L2 comprehension, and discussion on the extent to which L2
speakers acquire and deploy morphosyntax during real-time processing. Data collection is set
to start in the spring of 2026.
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Neurophysiological evidence of first language attrition among
native Scandinavian speakers in Lithuania
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Language attrition — non-pathological changes in processing and use of a previously acquired
language (Schmid & Kopke, 2017) — remains comparatively understudied relative to second
language acquisition. The present study explores first language (L1) attrition among native
speakers of three closely related Scandinavian (Swedish, Danish, Norwegian) languages living
in Lithuania, with a particular focus on word order processing. We investigated whether attri-
tion is influenced more significantly by the age at which individuals were first exposed to Lith-
uanian, their proficiency in Lithuanian, or their length of residence in Lithuania.

Initially seen as a slow erosion of L1 skills occurring after extensive immersion in an L2
environment (Seliger & Vago, 1991), recent research has redefined attrition as a dynamic
interplay of cross-linguistic influence (Schmid & Kopke, 2017), potentially observable even
after brief exposure to another language. This evolving understanding of attrition inspired the
choice of EEG as a method due to its sensitivity to early and subtle changes in language pro-
cessing that may not yet be evident in overt behavior. Twelve adult L1 speakers of either Swe-
dish, Danish, or Norwegian (scoring maximum in their respective L1 language test and using
the L1 actively) were recruited. Individuals, varying in their Lithuanian proficiency (A1-C2,
based on language tests and the CEFR self-assessment scale), age of first exposure to Lithua-
nian (21-35 years old), and length of residence (1.5 months to 21 years) participated in an ERP
experiment during which native-language written sentences were presented in an acceptability
judgment task. The sentences began with an adverb (“today” or “at home”) and continued in
either verb-subject (V2) or subject-verb (V3) word order. In all three L1s, V2 order is gram-
matically correct — in contrast to V3 — thereby testing the participants’ sensitivity to syntactic
discrepancies.

Cluster permutation analysis revealed two ERP components in response to V3 condition
compared to V2: ELAN at 220-320 ms (Fig.1, indicating early neural responses to morphosyn-
tactic category violations, in this case — a noun occurring in the second position instead of a
verb) and P600 at 500-600 ms (Fig.2, suggesting a structural reanalysis and reintegration of the
ungrammatical input). Two separate linear mixed-effects models predicted ELAN and P600
amplitudes, with fixed effects of age of first exposure, length of residence, proficiency in Lith-
uanian, and L1, and random intercepts for subjects. ELAN amplitudes were strongly associated
with Lithuanian proficiency (p = 0.008), which also interacted significantly with length of res-
idence (p = 0.0134). P600 amplitudes were also related to proficiency (p = 0.02), again, inter-
acting with length of residence ( p = 0.03). Unlike in the ELAN model, Swedish as an L1 was
a significant predictor in the P600 model (p = 0.008).

With growing proficiency in Lithuanian and longer length of residence in the country, the
amplitudes of the ERP components were smaller, indicating L1 attrition among native Scandi-
navian speakers. These results implicate L2 proficiency and length of residence, but not age of
first exposure, as influencing factors for language attrition in adults. Most importantly, we
observed neurophysiological signs of attrition in L1 processing among participants with top
scores in their L1 use tests, motivating further inquiries into neural adaptation in multilinguals
and language attrition.
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Figure 1. Left: Topographic map of V2 and V3 conditions in the ELAN time window (220-320 ms) on group
level. Right: Cluster permutation results.
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Figure 2. Topographic map of V2 and V3 conditions in the P600 time window (500-600 ms) on group level.
Right: Cluster permutation results.
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