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Talk 1:

Tracking internal attention through the eyes:
What we have learned so far

Freek van Ede

VU Amsterdam

Selective attention can be directed not only to external
sensations, but also to internal representations held
within the spatial lay-out of working memory. We have
recently uncovered how such internally directed selec-
tive attention is associated with directional biases in
small eye movements known as microsaccades — ex-
tending the role of the oculomotor systemto internal ori-
enting of visual attention. In my talk, | will highlight this
finding and show how we have started to utilise direc-

tional biases in microsaccades as a novel approach for
tracking internal attention along three dimensions: to track (1) whether internal
attentionis deployed, (2) when it is deployed, and (3) where it is deployed. Doing
so, | will illustrate how the study of microsaccades can be used to uncover new
insights into the principles and mechanisms of internally directed selective vis-
ual attention in dynamic and immersive settings. | will finally address how such
directional biases in microsaccade relate to neural modulation by covert spa-
tial attention, arguing for a functional but not obligatory link between ocular
and neural signatures of covert spatial attention.



Talk 2:

Learning in the visual brain: Generalization

versus sharpening

Andreas Keil

University of Florida

Processing capabilities for many low-level visual fea-
tures are experientially malleable, aiding sighted organ-
isms in adapting to dynamic environments. In this
presentation, we discuss how visuocortical responses
change as human observers learned to associate exem-
plars drawn from a given feature dimension with aver-
sive outcomes. Using classical aversive conditioning
while recording dense-array EEG and pupillometry, we
tested the pre-registered hypotheses of either sharpen-

ing or generalization for a range of feature dimensions,

including orientation, motion direction, object category, and spatial loca-
tion. Models of gaussian (generalization) or difference-of-gaussian (sharpen-
ing) changes after, compared to pre-conditioning were directly compared in a
Bayesian framework. We found that visuocortical responses were selectively
heightened when viewing aversively paired features for all feature dimensions.
In the case of orientation, motion direction, and spatial location, effects dis-
played a non-linear, difference-of-gaussian profile across neighboring exem-
plars on a feature gradient, consistent with suppressive surround modulation
of non-prioritized features. Measures of alpha band (8 — 12.8 Hz) activity and
pupil diameter showed evidence of generalization. These results indicate that
aversive conditioning of low-level visual prompts sharpened tuning in visual
cortex. By contrast, aversive conditioning of higher-level features such as ob-
ject category prompts linearly graded (generalization) modulation in visual cor-
tex. These effects mirror the effects seen for top-down influences indexed by
alpha power reduction and autonomic responses, also showing generalization.
We summarize these changes in a computational model of adaptive population
tuning as a function of experience.



Talk 3:

Core representational dimensions of

visually-perceived objects

Martin Hebart

Max Planck Institute for Human Cognitive and Brain Sciences

Visual perception of our world seems incredibly easy. Yet

despite tremendous progress in the field of vision sci-
ence and recent breakthroughs in artificial intelligence, '
we still do not know how our visual system allows us to
make sense of our world. One reason for this gap in
knowledge may lie in the strong focus on trying to un-
derstand how our visual system allows us to recognize
and categorize objects. Effectively, this approach
equates vision with assigning labels to the things sur-
rounding us. In this talk, | will argue that, instead, we
should aim much broader at understanding the representational dimensions
underlying our ability to make sense of our world. In my talk, | will highlight re-
cent efforts from our group at identifying the core dimensions of visually-per-
ceived objects and how they relate to object coding in the human brain. The
results of our work paint a different picture to the traditional view of a hierarchy
of the visual system, identifying behaviorally-relevant representations at even
the earliest processing stages and indicating that a major organizational prin-
ciple of the visual system is our ability to reason, communicate, and interact
effectively with the visual world.



Anne Urai

Leiden University

Perceptual choices not only depend on the current sen-
sory input, but also on the behavioral context, such as
the history of one’s own choices. Yet, it remains unknown
how such history signals shape the dynamics of later de-
cision formation. In models of decision formation, it is
commonly assumed that choice history shifts the start-
ing point of accumulation towards the bound reflecting
the previous choice. | will present results that challenge
this idea. By fitting bounded-accumulation decision

models to behavioral data from perceptual choice tasks,
we estimated bias parameters that depended on observers’ previous choices.
Across multiple animal species, task protocols and sensory modalities, individ-
ual history biases in overt behavior were consistently explained by a history-
dependent change in the evidence accumulation, rather than in its starting
point. Choice history signals thus seem to bias the interpretation of current
sensory input, akin to shifting endogenous attention towards (or away from)
the previously selected interpretation. MEG data further pinpoint a neural
source of these biases in parietal gamma-band oscillations, providing a start-
ing point for linking across species.



Liuba Papeo
CNRS

Vision supports important aspects of social life. First,
highly specialized visual mechanisms have evolved to
process faces and bodies, conspecifics and other ani-
mals. But social life is made up of social entities as much
as the relationships between these entities. The core so-
cial content is in fact relational. In a series of behavioral
and neuroimaging studies, we show that perception is
specialized for seeing socially relevant relationships. The
results illustrate how the representation of social inter-

action emerges from object perception, through the

analysis of the spatial relationships between multiple faces and bodies in visual
scenes. Thus, visual perceptual mechanisms - and a network of visual brain ar-
eas - can give rise to the first rudimentary representation of social interaction
based on the mere physical structure of input, before inferential processes kick
in.



Talk 6:

Social influences on emotion and decision-

making

Leonie Koban

Paris Brain Institute

Human behavior and experience are strongly influenced
by social factors. What are the brain systems that medi-
ate social influence effects on behavior? How do effects
of social instructions differ from, and interact with, the
effects of experience-based learning? | will present find-
ings from behavioral and fMRI studies that show how
pain, affect, and food craving is altered by social infor-
mation, and how evaluative social feedback impacts
self-perception and feelings about the self—in healthy

and socially anxious individuals. Together, these different

studies point at a role of frontoparietal brain areas, which may mediate how
humans weight information in order to adjust behavior and affective experi-
ences to their social context.



Talk 7:

Learning and generalisation of task

knowledge in humans and neural networks

Christopher Summerfield
University of Oxford

There has been a renaissance of interest in connection-
ist networks as models of biological computation. Dur-
ing sensory perception, deep neural networks learn rep-
resentations that resemble those in primate neocortex.
However, neural networks learn to perform and general-
ise cognitive tasks in very different ways to people. In
my talk, | will explore these differences, and suggest
computational adaptations that allow neural networks

to learn multiple tasks in series, reconfigure task
knowledge from limited data, and generalise knowledge
between tasks.



Talk 8:

Listening and meta-listening: How do direct
and indirect paths shape auditory

perception?

Jonas Obleser

University of Lubeck

Amidst a flurry of methodological advances in neuroim-
aging and data analysis, we have made somewhat lim-
ited progress in explaining individual (i.e, trait-like) and
momentary (i.e, state-like) differences in a listener’s
sensations and perceptions, that is, in their behavioural

outcome.

In the present talk, | will present recent evidence on two
broadly distinct ways of how brain traits and states

could shape the outcome of auditory perception: “direct”
changes in sensory encoding specifically are contrasted with “indirect”, modu-
latory or meta-cognitive changes along an auditory-perception cascade.

| will argue that more in-depth consideration of the latter, indirect class of neu-
ral processes will help us explain better audition as a whole, with implications
for ageing, hearing loss, and aberrant perception.



Tzvetan Popov

University of Zurich

Solutions to core survival requirements are scaled, pre-
served, and present in nearly all creatures equipped with
the ability to move. In this talk, a fundamental principle-
emergence of behavior through rhythm mediated action
is discussed, and examples of how neuronal rhythms
monitor sensory action across phyla are highlighted
(honey bee, non-human primates, and humans). The
brain’s active sensing of the surrounding environment
entails clustering of eye/antenna movements towards

an object or location. This active sensing behavior coin-

cides with the amplitude modulation of a dominant (alpha) rhythm. Independ-
ent of testing conditions (e.g. light or full darkness) and cognitive load (e.g. rest,
spatial attention, working memory), space is inferred by the movement direc-
tion of the brain’s sensors manifesting in location-specific place topographies.
These observations are discussed in light of the conjecture that the dominant
rhythm of the brain facilitates and monitors sensorimotor output as a prereq-
uisite for a proactive processing chain in cognition beginning with action. It is
speculated that this principle is not exclusive to neuronal collectives. Instead,
it is preserved across organizational scales, evident also in fish and bird col-
lectives. A taxa-overarching principle enabling neural and animal collectives
alike to interact with the environment and adapt behavior.



Talk 10:

Heard but not present: Pathophysiology of
prediction and adaptation

Sonja Kotz

Maastricht University

In a continuously changing environment, we rely on prior
knowledge to evaluate actual against expected sensa-
tions (predictions) and adapt to mismatches between
these sensations. Pathological changes in the auditory
system (e.g, deafferentation in tinnitus, aberrant sensory
feedback in auditory verbal hallucinations) might lead to
new default predictions that show as altered suppression
and/or enhancing irrelevant sound. | will present animal
and human studies on tinnitus and auditory hallucinations

as examples of adaptive distortions in tone and voice
processing. These data showcase the critical contribution of cortico-cere-
bello-thalamo-cortical circuitry in maintaining and adjusting predictions.



1 How do alpha oscillations move your eyes about?

Tzvetan Popov!

University of Zurich, Switzerland

Solutions to core survival requirements such as attention are scaled, preserved,
and present in nearly all creatures equipped with the ability to move. In this talk,
a fundamental principle of neuronal rhythms (alpha oscillations) in monitoring
sensory action across phylais discussed (honey bee, non-human primates, and
humans). The brain's active sensing of the surrounding environment entails
clustering of ocular/antenna movements towards an object or location. This
active sensing behavior is monitored by the phase and amplitude of sponta-
neous (alpha) rhythm. Independent of testing conditions (e.g. light or full dark-
ness) and cognitive load (e.g. rest, spatial attention, working memory), space is
inferred by the movement direction of the brain’s sensors manifesting in loca-
tion-specific place topographies. These observations are discussed in light of
the conjecture that the dominant rhythm of the brain facilitates and monitors

sensorimotor output as a prerequisite for a proactive processing chainin cog-
nition beginning with action.



Alireza Karami!, Manuela Piazzat
University of Trento, Italy

The ability to estimate the number of items in a set (numerosity) without
counting has been linked to a network of areas in the frontal and parietal cor-
tices in the human brain. However, because numerosity is often correlated with
other quantitative features of the sets (e.g, more items tend to occupy a larger
area), it is a matter of debate whether numerosity is encoded as a primary vis-
ual feature or whether it is computed by combining different non-numeric fea-
tures (e.g, total occupied area divided by item size). While significant behav-
ioral results argue in favor of the first hypothesis, current neuroimaging data
remain inconclusive in this respect. Here, we use fMRI and MEG to test whether,
where, when, and to what extent number is represented independently from
other visual features in the human brain.

While undergoing MRI and MEG, thirty human adult subjects attended to the
number of dots that orthogonally varied in number, average item size, and total
field area. We modeled the independent contributions of number and non-nu-
meric features using multiple regression RSA of the MRl and MEG signals.

Regions of interest and whole-brain searchlight RSA convergently revealed
that variance in brain activation patterns is significantly explained by number
over non-numerical dimensions in several regions, especially along the dorsal
visual stream. Furthermore, time-resolved RSA showed that early time points
of the MEG are significantly explained by number. The following step of my re-
searchis to fuse MEG with fMRI to produce the spatio-temporal neural dynam-
ics underpinning numerosity representation.



3 Resting-state electroencephalographic correlates
of cognitive reserve: Moderating the age-related decline

in cognitive function

Diego Pinal’, Adriana Sampaio?, Ana Bujan?
University of Minho, Braga, Portugal

We carried out an exploratory analysis of current source density (CSD) and
lagged-linear connectivity (LLC) as resting-state electroencephalographic
(rsEEG) correlates of cognitive reserve. Following a lifespan perspective, we
first explored the relationship between rsEEG measures for different frequency
bands and a socio-behavioral proxy of cognitive reserve, the Cognitive Re-
serve Index (CRI). Moderate negative correlations were found between the CRI
and occipital CSD of delta (2 - 4 Hz) and beta 2 (21 - 30 Hz). Moreover, inter
and intra-hemispheric LLC measures were correlated with the CRI, showing a
negative association with delta, and positive associations with alpha 1 (8 - 10
Hz), beta 1 (135 - 20.5 Hz), and beta 2. Second, we applied moderation analyses
to assess if any of the correlated rsEEG measures showed a moderating role
on the relationship between age and cognitive function. Only two rsEEG vari-
ables were significant moderators of the relationship between age and cogni-
tion: occipital delta CSD and right hemispheric beta 2 LLC between occipital
and limbic regions. The effect of age on cognitive performance was stronger
for higher values of both measures. Therefore, lower values of occipital delta
CSD and lower beta 2 LLC between right occipital and limbic regions might
have neuroprotective effects on cognition during the aging process. If con-
firmed by future work, these results might be useful to allocate more preventive
efforts to curb the progression of cognitive decline on those adults with less
CR, possibly characterized by these rsEEG parameters at a neural level.



4y Spatial Similarities between Human Eye Movements
and Deep Convolutional Neural Network Saliency Maps

across Time

Leonard Elia van Dyck?!, Sebastian Jochen Denzler!, Charlotte

Paulina Schoéllkopf!, Walter Roland Gruber!
University of Salzburg, Austria

In recent years, a growing interest in the similarity between the brain’s ventral
visual pathway and deep convolutional neural networks (DCNNs) during visual
processing led to numerous findings based on electrophysiological data. These
studies revealed striking temporal and spatial alignment between the biologi-
cal and artificial cascades. To date, however, only few attempts have been
made to investigate the temporal similarity from the standpoint of spatial pri-
orities during information processing. Therefore, in this study, we aim to test
the existing evidence in the realm of eye tracking and compare object recog-
nition in human observers and DCNNs through eye tracking heatmaps and
GradCAM saliency maps. We investigate the reproducibility of the temporal
correlations reported in neural activity by analyzing eye movements only.
Moreover, we consider explanations regarding bottom-up/feedforward and
top-down/recurrent processing mechanisms as well as their impact on view-
ing-behavior during object recognition. Finally, in a data-driven approach, we
use the recorded eye tracking heatmaps to create modified image datasets
for fine-tuning DCNNs and thereby influence the human-likeness of the mod-

els directly.



S Speech rhythm is modulated by amplitude, pitch, du-
ration, and the spectral centre of gravity

Katerina Danae Kandylaki®
"Maastricht University, Netherlands

Both music and speech can be characterized by different degrees of rhythmic
regularity. Acoustic features and their combination, such as pitch, duration, and
loudness, define rhythmic regularity, and algorithms used in music information
retrieval (MIR) allow quantifying them. Here we applied MIR-inspired methods
of rhythm quantification in naturalistic speech excerpts (poems and stories) to
tests if this method also applies to quantifying different degrees of rhythm
regularity in speech. Second, participants evaluated rhythmic regularity of both
speech types behaviourally. We expected that the beat-relevant features of
pitch (FO), duration (Spectral Flux), and loudness (RMS energy) as well as their
theoretically motivated combination (Theobeat) would differ significantly be-
tween poems and stories; however, non-beat-relevant features such as Spec-
tral Centroid and Spectral Flatness should not reveal differences between the
two speech types. MIR-based analyses allowed to successfully analyse rhyth-
mic regularity in both speech types. While the computational results overall
confirmed the expected patterns of results, the Spectral Centroid also differed
between poems and stories. On the other hand, behavioural ratings of rhythmic
regularity did not differ for poems and stories. These results confirm that beat-
related features, but also some non-beat related features contribute to the
physical realization of rhythmic regularity in naturalistic speech.



6 Violating internalized rules affects prediction

processes in musicians

Thomas Hartmann?, Gianpaolo Demarchi', Nathan Weisz'?

University of Salzburg, Austria, ?Salzburger Landeskliniken, Austria

Music is not a random sequence of tones but follows a complex set of rules.
Most people implicitly learn and internalize these rules from the moment they
are born, enabling them, for instance, to predict how a melody is going to end.
People who undergo musical training learn these rules explicitly, internalize
them more, and also learn a greater amount of rules. In general, there are two
known behavioral consequences: 1. better error detection for violations of pitch
and rhythm, and 2. better predictions, how a melody continues. Previous
attempts to study differences of cortical prediction processes between
musicians and non-musicians have used the Mismatch-Negativity approach.
Although differences were found, this approach only provides insight into the
prediction error. Our study uses a more direct approach towards studying
prediction processes in the cortex and their dependence on musical
sophistication. Participants listened to a sequence of four tones. The order of
these tones was either random, providing no opportunity for the brain to create
predictions, or ascending, creating strong predictions. Additionally, the tones
either created a perfect A-major chord or each neighboring interval was
slightly detuned. Leveraging the predictive coding framework, we used
Multivariate-Pattern-Analysis to assess how similar cortical activity was
during the prediction and the perception interval. Our results show that this
similarity is lower in individuals with high musical sophistication only in the
detuned condition. We speculate that the higher sensitivity to out-of-tune
tones brought about by musical training might disturb prediction processes in
musicians but not in non-musicians.



/ Distinct beta frequencies reflect contextually-defined

categories

Elie Rassi'
'Radboud University Nijmegen, Netherlands

Beta oscillations are involved in a variety of cognitive functions beyond their
traditional sensorimotor role. Based on prior findings of content-specific beta
synchronization during working memory and decision making, we hypothesized
that beta activity supports the activation and reactivation of cortical repre-
sentations by mediating neural ensemble formation within and between brain
regions. We here found that beta activity in monkey dorsolateral prefrontal
cortex (dIPFC) and in pre-supplementary motor area (preSMA) reflected the
content of a stimulus in relation to the task context, regardless of its objective
properties. In multiple versions of a categorization task, we changed a cate-
gorical boundary between sessions, such that a stimulus which belonged to one
of two categories during one session could belong to the other category during
the next session. During a delay in which monkeys had to hold their categorical
decision in mind, we found that two distinct beta-band frequencies were con-
sistently associated with the same two relative categories, and that activity in
these respective bands predicted the animals’ responses. We characterized
beta at these frequencies as transient bursts with distinct temporal profiles.
We further showed that dIPFC and preSMA were connected via these distinct
frequency channels, with dIPFC driving the frequency separation, a result sup-
ported by granger causality and spike-field coherence analyses. In sum, these
results provide support for the role of beta in forming neural ensembles, and
further show that such ensembles might synchronize at different beta frequen-

cies.



8 Modulating somatosensory alpha oscillations using
high-density tACS

Vaishali Balqgjit, Joachim Lange!

'Heinrich Heine University Dusseldorf, Germany

Applying transcranial Alternating Current Stimulation (tACS) to the scalp en-
trains endogenous neuronal oscillations in a frequency-specific manner. How-
ever, it remains elusive whether tACS can induce changes that persist beyond
the stimulation period and what mechanisms govern this effect. It is plausible
that the tACS effects reported in recent studies had a transcutaneous (rather
than transcranial) origin. Therefore, we aimed to elicit aftereffects of tACS in
healthy participants on controlling for peripheral nerve stimulation. To this end,
we applied a topical anaesthetic to the scalp and stimulated the right primary
somatosensory cortex using a high-density ring electrode montage. During
simultaneous acquisition of MEG, we administered tACS at a frequency of
10Hz in an intermittent on/off pattern for a duration of 10 or 30 seconds.
Changes in alpha power between two trains of tACS and after tACS were com-
pared to baseline and against sham. The results show that duration of stimu-
lation might be a key parameter that modulates the emergence of sustained
aftereffects. These findings inform the design and implementation of stimula-
tion protocols aimed at inducing prolonged changes in electrophysiological ac-
tivity of the human brain.



@ How does pre stimulus alpha phase shapes our per-

ceptual integration window?

Michelle Johannknecht!, Joachim Lange!

'Heinrich Heine University Dusseldorf, Germany

Prestimulus ongoing neuronal oscillations have been proposed to influence
perception. One prominent, but controversially discussed, hypothesis is that
cycles of neuronal oscillations shape temporal integration windows for multiple
stimuli. If this is true than the phase of neuronal oscillations should be relevant
for temporal perception. In this study, we tested this hypothesis by using a vis-
ual integration task with two visual stimuli. The task was to detect a blank spot
in a 4 X 4 grid of annuli, which was possible only when the two stimuli were
successfully integrated over time. We varied the stimulus offset asynchrony
between the two visual stimuli, focusing on the offset where participant’s per-
formance was around 50 % accuracy. We recoded the MEG signal and ana-
lysed the phase of the ongoing neuronal oscillation between 2 to 30 Hz on
source level. We identified clusters in the occipital and parietal cortex were the
phase angles significantly differed between correctly and incorrectly tempo-
rally integrated trials. Those clusters had different frequency ranges, showing
peaks in the alpha and beta range. We conclude that ongoing neuronal oscilla-
tions shape temporal integration windows.



10 Maternal Influences on the Cognitive Development of
Toddlers

Jasmin Preif3!, Adelheid Lang? Theresa Hauser!, Monika Angerer?,

Manuel Schabus?

University of Salzburg, Austria, ?Paracelsus Medical University, Salzburg, Austria

Introduction: Children’s social, cognitive and emotional development is thought
to be heavily influenced by early mother-infant interaction. These interactions
are not only shaped by child and contextual factors but also by maternal per-
sonality and well-being.

Methods: In a sample of 42 mothers and their toddlers (16-32 months of age)
we evaluated children’s cognitive development with the Bayley Scales. Mater-
nal personality traits were assessed with the Big-Five Inventory-10. The Tod-
dler CARE-Index was used to assess dyadic mother-child patterns as well as
interaction quality. To assess the relationship between cognitive development,
maternal personality and dyadic interaction behaviour, non-parametric corre-
lations were conducted.

Results: We found higher maternal agreeableness to be associated with better
cognitive development (rs = 39, p = .010). While interaction quality was not
linked to toddler's performance (rs = -.09, p = .553), children’s display of com-
pulsive behaviour inthe dyadic interaction was correlated with better cognitive
development (rs = 34, p = .026).

Conclusion: Toddler's greater cognitive performance was associated with ma-
ternal agreeableness, a personality trait linked to kindness, warmth and emo-
tional support of others, suggesting the developmental benefit of a supporting
environment. The finding of better cognitive skills in compulsive children may
suggest that these children might outperform their peers as they already
learned to fulfil the caregiver's needs and expectations. Based on these find-
ings, young children’s superior cognitive development can be attributed to a
supportive environment as well as to children’s adaptive strategies to environ-
ments that request rather compulsive behaviours already early in life.



Jessica Jacobs?!, Alexis Hervais-Adelman!, René Muri?, Dario
Cazzoli®, Basil Preisig?

University of Zurich, Switzerland, ?University Hospital of Bern, Switzerland, *Luzerner
Kantonsspital, Lucerne, Switzerland

Although the ventral motor cortex (vMC), the area where the neural represen-
tations of the articulators are located, is activated during speech perception,
its functional role remains unclear. Previous studies reported that the inhibition
of this region with repetitive transcranial magnetic stimulation (rTMS) impaired
categorical speech sound perception. Moreover, listening to speech sounds has
been shown to facilitate cortical excitability in this region. We hypothesized
that enhancing cortical excitability in this area would increase categorical
speech sound perception. In two experiments, different forms of non-invasive
electric brain stimulation (kHz transcranial alternating current stimulation and
transcranial random noise stimulation) were probed to enhance cortical excit-
ability inthe vMC. The excitability was assessed, before and after electric stim-
ulation, by measuring the amplitude of motor evoked potentials (MEPs) elicited
by monophasic single pulse TMS. The MEPs were recorded on the lip muscle
orbicularis oris (OO). Categorical perception of speech sound was assessed by
a syllable identification and discrimination task. The analysis of the neurophys-
iological data revealed no significant enhancement of cortical excitability after
electric brain stimulation. Further, electric stimulation in both experiments did
not modulate syllable identification and discrimination performance. Thus, no
significant change in categorical speech sound perception could be observed.
Nevertheless, we found a positive correlation between the relative changes in
the amplitude of the MEP’s and the relative changes in speech sound catego-
rization. Participants, who showed an increased motor evoked response after
transcranial random noise stimulation, also showed increased syllable discrim-
ination performance.



12 Electrophysiological hallmarks for event relations and

event roles in working memory

Xinchi Yu?!, Jialu Li***, Hao Zhu?***, Xing Tian***, Ellen Lau!
University of Maryland, College Park, University System of Maryland, United States,
New York University Shanghai, New York University, China, *East China Normal Uni-
versity, Shanghai, Chinag, “NYU-ECNU Institute of Brain and Cognitive Science at NYU
Shanghai, China

The ability to maintain events (i.e. interactions between/among objects; e.g, a
lion hit an elephant) in working memory is crucial for our everyday cognition,
yet the format of this representation is poorly understood. Two critical compo-
nents of event representation are event relations (hitting in this example) and
event roles (agent and patient, i.e. the initiator and the receiver of the event),
while it remains elusive how they are represented in working memory. For event
relations, an outstanding question is whether they take up discrete working
memory slots as individual objects do (Shen et al, 2021).

In order to explore this question, in the current study we set out to identify the
ERP hallmarks for event relations and event roles. We designed a picture-sen-
tence matching study with a novel “pinging” manipulation (Wolff et al, 2017).
Half of the pictures depicted events (e.g, a lion hit an elephant, Hultén et al,
2014) and the other half depicted coordinations (e.g, a lion and an elephant).
We identified a sustained posterior-occipital ERP difference between these
two conditions. This effect resembled the negative slow wave (NSW) driven by
the number of objects maintained in working memory within the discrete ~4
working memory capacity (Feldmann-Wustefeld, 2021), leaving open the pos-
sibility that event relations also take up discrete working memory slots. On the
other hand, by employing “pings” (animal names in larger font) for the agent
and patient animals respectively during the retention period, we exploratorily
identified a late occipital difference after ping onset hallmarking event roles.



Sabrina Turker?!

"Max Planck Institute for Human Cognitive and Brain Sciences, Max Planck Society,
Leipzig, Germany

The reading network in the human brain comprises several regions, including
the left inferior frontal cortex (IFC), ventral occipito-temporal cortex (vVOTC)
and dorsal temporo-parietal cortex (TPC). The left TPC is crucial for phonolog-
ical decoding, i.e, for learning and retaining sound-letter mappings, and shows
marked hypoactivation in dyslexics. Here, we tested the causal contribution of
this area for reading with transcranial magnetic stimulation (rTMS) and ex-
plored the reading network's response using fMRI. In two independent studies,
subjects received either inhibitory or sham (placebo) stimulation (N=28;
healthy adults), or facilitatory or sham stimulation (N=27; adults with dyslexia)
over the left TPC before performing an overt word and pseudoword reading
task. Behaviorally, effective as compared to sham stimulation led to slower
reading of pseudowords in typical readers, and marginally faster reading across
all stimuli types in dyslexics. On the neural level, we observed changes in task-
related activity and connectivity for pseudowords in typical readers: effective
TMS led to increased effective connectivity from the left vOTC to the left TPC
as well as to a shift in activity patterns in the left frontal cortex. We interpret
these as compensatory mechanisms following left TPC disruption. Preliminary
uni- and multivariate analyses of the dyslexic group show that TMS led to
changes in brain activation patterns for words and pseudowords in primarily
right-hemispheric regions, including the right insula and the right intraparietal
sulcus. Overall, we emphasize the importance of considering within-network in-
teractions during reading and provide evidence for a critical role of the left TPC

for reading.



Céline Spriet!

French National Centre for Scientific Research, Paris, France

Human adults effortlessly categorize visual objects, first distinguishing be-
tween animate and inanimate entities. Using frequency-tagging electroen-
cephalography, we targeted a direct, robust and automatic signature of visual
object categorization by animacy in the adult human brain, to study which are
the visual features that primarily contribute to the automatic distinction be-
tween animate and inanimate objects. In Experiment 1, participants (N=12)
viewed colored images of animate and inanimate objects at a rapid frequency
(6 Hz). The categorization of animate objects was tested by showing a stream
of inanimate objects, with an animate oddball every 5 images, yielding an odd-
ball stimulation frequency of 12 Hz. The categorization of inanimate objects
was tested by showing a stream of animate objects, with an inanimate oddball.
In control conditions, the same images were presented but their phase was
scrambled, maintaining low-visual properties such as color and luminance var-
iations, but yielding unrecognizable images. In Experiment 2 (N=12), partici-
pants saw grayscale images. Phase-scrambled images were further replaced
by texforms images that preserve texture and the global form of the original
stimuli, but are no longer recognizable. Results highlighted a high signal-to-
noise ratio at the oddball frequency and harmonics in both experiments for all
conditions, with stronger and broader responses to recognizable images than
to either phase-scrambled or texform images. These results suggest that both
low- and mid-level features participate in yielding the visual categorization of
animate and inanimate objects in the human adults’ brain, although none of
those visual features fully explain the observed fast categorization.
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According to the embodied simulation theory (e.g, Gallese, 2007), mirror neu-
rons (MN) present the neural basis for an automatic understanding of another
person’s emotional state. This automatic understanding is enabled by a shared
neural representation for observed and performed actions. Multivariate pattern
analysis of fMRI data provides a sensitive method to assess the key properties
cross-modality and action specificity of MN in concert. 73 participants per-
formed a social-cognitive task during two fMRI scanning sessions. For the sec-
ond session, data of 32 participants of a TMS-sham group were assessed to
evaluate reliability. Facial expressions of fear and anger were either observed,
executed, or imitated. Cross-modal classification of emotional content was
performed within participants in regions of interest (ROI) of the MN system and
the emotional face processing system. Additionally, a whole-brain searchlight
approach was employed. For significance testing, a permutation scheme was
applied. Significant above chance accuracy was achieved in all ROIs for both
time points when emotion classification was trained on the execution condition
and tested on the imitation condition. For this analysis, the searchlight ap-
proach showed the highest classification accuracy in frontal and inferior tem-
poral regions. Reliable cross-modal classification was not possible when the
observation condition was included in the analyses. Our results only partially
lend support to the embodied simulation theory. Reliable cross-modal classifi-
cation was only possible when the execution of facial expressions was included
in both modalities. Future studies could use facial expressions with negative
and positive valence to ensure better differentiation between conditions.
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Listening can be conceptualized as a process of active inference, in which the
brain forms internal models to predict and integrate auditory information in a
complex interaction of bottom-up and top-down processes. We propose that
individuals vary in their »prediction tendency« and that this variation contrib-
utes substantially to experiential differences in everyday listening situations
and shapes the cortical processing of acoustic input such as speech. In the
current study, we used a passive paradigm presenting tone sequences of var-
ying entropy level, to independently quantify auditory prediction tendency (as
the tendency to anticipate low-level acoustic features according to their con-
textual probability) for each individual. This measure was then used to predict
the magnitude of cortical speech (envelope) tracking in a multi speaker listen-
ing task, where participants listened to audiobooks narrated by a target
speakerinisolation orinterfered by 1 or 2 distractors. Furthermore, rare seman-
tic violations were introduced into the story, enabling us to also examine ef-
fects of word surprisal during continuous speech processing. Our results show
that individual prediction tendency facilitates cortical speech tracking. Fur-
thermore, we find interactions between individual prediction tendency and
background noise as well as word surprisal in disparate brain regions. In sum,
our findings suggest that individual prediction tendencies are generalizable
across different listening situations and may serve as a valuable element to
explain interindividual differences in natural listening experience.
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Listening to speech with poor signal quality is challenging. Neural speech
tracking of degraded speech has been used to advance the understanding how
brain processes and speech intelligibility relate, however the temporal dynam-
ics of neural speech tracking is not clear. In the present MEG study, we thereby
exploited temporal response functions (TRFs) and generated signal-degraded
speech to depict the temporal evolution of speech intelligibility modulation on
neural speech tracking. In addition, we used and inter-related other facets of
neural speech tracking (e.g., speech envelope reconstruction, speech-brain co-
herence, and components of broadband coherence spectra) to support our
findings in TRFs. Our TRF analysis yielded marked temporally differential ef-
fects of vocoding: while early peak responses (~50-110 ms, MSOTRF) were
massively increased, reduction of intelligibility went along with strongly re-
duced responses around 175-230 ms (M200TRF). For the late responses 315-
380 ms (M350TRF), the maximum response occurred for degraded speech that
was still comprehensible then declined with reduced intelligibility. Furthermore,
we related the TRF components to our other neural measures and found that
M5S0 and M200 play a differential role in the shifting center frequency of the
broadband coherence spectra. Overall, our study highlights the importance of
time-resolved computation and parametrization of coherence spectra on neu-
ral speech tracking and provides better understanding of degraded speech
processing.



18 Tackling endogenous theta oscillations in primary
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Accumulating evidence shows that auditory cortex is tracking rhythmic fluc-
tuations of the speech signal, often framed as entrainment. The underlying
mechanism, resonance or entrainment, and its functional significance, however,
are still unclear. Following Notbohm et al. (2016), who have investigated indi-
vidual alpha peaks in the visual cortex, we created ~19 sec long, amplitude
modulated sweeps accelerating from 3 to 8 Hz, hence, spanning across the
commonly reported range of theta oscillations. While recording EEG, 20 par-
ticipants listened to 60 repetitions of the sweep at two different levels of loud-
ness (at 52dB SPL and 12dB below; 120 trials in total). This pure listening task
was interrupted twice by a short behavioral auditory discrimination task. Ad-
ditionally, we recorded 3 minutes of resting state EEG in silence and 3 minutes
in white noise. In total, the experiment lasted for about 60 minutes. We quanti-
fied the normalized Shannon Entropy (Notbohm et al, 2016) and the phase-
locking value (PLV; Duecker et al, 2021) between the envelope of the sweep
and the EEG signal. Interestingly, we found a u-shaped function of Entropy in
the theta range over auditory areas compared to an occipital control region,
but not compared to rest. The PLV, however, exhibited a linear decrease with
increasing frequency compared to rest and occipital regions. Both findings are
contrary to the notion of resonance and entrainment that would predict ampli-
fied responses at certain preferred frequencies. In sum, our preliminary data
suggest that there is no oscillatory behavior in the theta range in auditory cor-
tex.
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linear electrophysiological markers of cognitive state
and task performance

Christopher Hohn!, Michael A. Hahn? Kerstin Hédlmoser?

University of Salzburg, Austria, “Hertie Institute for Clinical Brain Research, University
of Tubingen, Germany

Human brain activity changes between cognitive states and with different lev-
els of cognitive demand. Recent evidence suggests that nonlinear activity in
the human EEG, specifically the spectral slope and neural complexity, can dis-
tinguish wakefulness from sleep and anaesthesia and is even linked to behav-
ioural task performance. Here, we utilized these markers to investigate whether
they can also distinguish different cognitive tasks during wakefulness in addi-
tion to delineating sleep from wakefulness. We analysed full-night poly-
somnography from 28 male subjects (21.54 = 190 years) on three occasions in
a within-subjects design. Subjects performed multiple tasks, including a
Go/Nogo task, declarative learning task and resting sessions (with open and
closed eyes). We computed the Lempel-Ziv-Welch complexity and spectral
slopes of EEG power spectra between 30-45Hz for each task and sleep stage.
The performed cognitive tasks did not modulate neural complexity as only an
open vs. closed eyes effect was observable. However, an increase in task de-
mand led to a flattening of the spectral slope and the slope of the Go/Nogo
task correlated positively with task performance. Both, spectral slope and neu-
ral complexity were modulated by sleep, showing decreasing complexity and
steeper slopes with deeper sleep stages. Only the spectral slope was sensitive
enough to distinguish REM from other sleep stages and wakefulness. Critically,
all results were highly stable and emerged across three recordings per subject.
Our findings suggest that neural complexity and spectral slope can serve as
informative, easily accessible and intra-individually robust markers of cogni-
tive demand and altered brain states.
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Video gaming might alter cognitive processing given that video gamers out-
performed control individuals in paradigms demanding differential cognitive
functions. Hereby, video games might elicit transfer effects by training a cog-
nitive function which several cognitive processes relay on. Attentional control,
the ability to suppress distractors while processing relevant information, may
be a promising candidate here. We investigated this by conducting two studies
applying either electroencephalography (EEG) or transcranial alternating cur-
rent stimulation (tACS) and computational modeling based on the theory of
visual attention (TVA). In both studies, individuals performed a short-term
memory paradigm where white shapes presented either in the left or right hem-



