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Monday, 21. September 2026 

 

13:00 – 13:45 Lunch Snacks 

13:45 – 14:00 Welcome and Introduction  

Dynamics and Function of Cortical Networks: from Theory to Experiments 

14:00 – 15:00 Perspective 

 Fabian Sinz, Georg-August-Universität Göttingen 
What Generalizes across Mouse and Monkey Visual Cortex? 
Insights from Functional Digital Twins 

15:00 – 15:40 Daniel Dahmen, Forschungszentrum Jülich 
Geometry and Time Scales of Cortical Activity in the Strongly 
Coupled Critical Regime 

15:40 – 16:20 Henner Koch, Uniklinik RWTH Aachen 
From Layer 5/6 to the Network: Structured Diversity of Up-States 
in Human Cortical Slice Cultures 

16:20 – 17:00 Coffee Break  

Brains in Action 

17:00 – 18:00 Perspective 

 Daniel Huber, Geneva University Neurocenter 
t.b.a.  

18:00 – 18:40 Neda Shahidi, Deutsches Primatenzentrum Göttingen 
“Learning a Guess from a Guess” in Time, Space, and Together 

18:40 – 19:20 Marieke Schölvinck, Ernst-Strüngmann-Institut Frankfurt 
Catching Cognition in the Act: New Ways to Track Naturalistic 
Cognitive Processing across Species 

19:30 – 21:30 Dinner (Self-organized, Self-payed…)  

 

 



Tuesday, 22. September 2026  

Evolution and Cognition 

09:30 – 10:30 Perspective  
Alessandro Treves, Sissa Trieste 
The Percolation Hypothesis to Human Cognition 

10:30 – 11:10 Jonas Rose, Ruhr-Universität Bochum 
t.b.a. 

11:10 – 13:00 Coffee Break & 
Poster Session  

13:00 – 14:00  Lunch  

Efficiency, Adaptation, and Flexibility 

14:00 – 15:00 Perspective  
Wiktor Mlynarski, Ludwig-Maximilians-Universität München 
Shared Principles of Sensory Coding in Behaving Rodents and 
Primates 

15:00 – 15:40 Matthias Kaschube, Frankfurt Institute for Advanced Studies 
Principles of Cortical Interactions in Mouse, Man and Mustela 

15:40 – 16:20  Coffee Break  

16:20 – 17:00 Udo Ernst, Universität Bremen 
Routes Towards Flexibility and Resilience in Cortical Processing 

Fireplace Discussions Teaser 

17:00 – 18:00 Perspective  
Madineh Sedigh-Sarvestani, Cornell University 
Translating Sensations to Perceptions across Species 

18:30 – 19:30  Dinner 

19:30 – 21:30 Discussion at the HWK Fireplace 

  



Wednesday, 23. September 2026  

Neural Dynamics in Rodents, Primates, and Humans 

09:30 – 10:30 Perspective  
Tatjana Engel, Princeton Neuroscience Institute 
t.b.a. 

10:30 – 11:00 Coffee Break 

Evolution of Genes, Synapses and Neurons 

11:00 – 12:00 Perspective  
Katja Nowick, Freie Universität Berlin 
Building, Rewiring, and Breaking the Brain: Evolution of Gene 
Regulatory Networks 

12:00 – 12:40 Andreas Neef, Georg-August-Universität Göttingen 
t.b.a. 

12:40 – 13:20 Stefan Pommer, Georg-August-Universität Göttingen  
Mouse, Monkey, Man - Homology or Functional Divergence of 
Cortical Interneurons across Species 

13:20 – 14:20 Lunch 

Evolutionary Optimization of Neuronal Processing: Challenges and Ideas 

14:20 – 15:20 Perspective  
Fred Wolf, MPI for Dynamics and Self-Organization / Göttingen 
University 
t.b.a. 

Evolution through Climate Change:  
An Afternoon Walk through 2000 Rhododendron Species 

15:45 – 16:30  Transfer to Bremen 

16:30 – 18:00  Guided Tour "Botanika" 

19:00 – 21:00  Dinner at Restaurant "Bloom" 

21:00 – 21:30  Transfer Back to Hotel(s) 

 



Thursday, 24. September 2026  

Circuits to Function to Behavior 

09:30 – 10:30 Perspective  
Ken Miller, Columbia University 
t.b.a. 

10:30 – 11:00 Coffee Break  

Attention! 

11:00 – 12:00 Perspective 
Huib Mansvelder, Vrije Universiteit Amsterdam 
Cortical Neuronal Diversity Supporting Human Cognition 

12:00 – 12:40 Andreas Kreiter, Universität Bremen 
t.b.a. 

12:40 – 13:20 Ziad Hafed, Universitätsklinikum Tübingen 
 Cortical Dominance over Short-latency Visual-motor Reflexes in 

Primates: Mechanisms and Implications 

13:20 – 14:30  Lunch 
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Talk Abstracts 
What Generalizes across Mouse and Monkey Visual Cortex? Insights 

from Functional Digital Twins 
Sinz, Fabian (Göttingen) 

Comparing visual cortex across species is hard because the stimuli that drive neurons are unknown a 
priori, and low-dimensional parametric stimuli bias the comparison toward features the 
experimenter already expects. Functional digital twins — deep networks trained to predict single-
neuron responses to natural stimuli — can remove this constraint: once the model generalizes out of 
domain, large-scale experiments can be run in silico and predictions tested in closed loop. I will 
present and overview over what this approach has revealed to us about mouse and macaque visual 
cortex. I will focus on two themes. 1) contextual modulation: when and whether a surround 
facilitates or suppresses the optimal center feature. We found that this depends on how congruent 
the surround is given that feature under natural scene statistics, consistent with hierarchical 
Bayesian inference. 2) dual-feature selectivity: Some neurons in mouse and macaque cortex exhibit 
specific suppressive stimulus sets. What differs is the feature vocabulary: Gabor-like and collinear in 
macaque V1, heterogeneous and texture-like in mouse.  

Geometry and Time Scales of Cortical Activity in the Strongly Coupled 

Critical Regime 
Dahmen, Daniel (FZ Jülich) 

Simultaneous recordings of hundreds of neurons expose a striking diversity in how cells coordinate 
their activity: pairwise covariances are broadly distributed, assume positive and negative values 
largely irrespective of cell type and distance, and reorganize with brain state and behavioral context. 
What is the origin of these heterogeneous coordination structures? 

We argue that heterogeneity of synaptic connectivity, ubiquitous in cortical circuits, is sufficient. 
Large heterogeneity drives networks into a dynamically balanced critical regime, in which the 
population activity remains stable while the linearized dynamics approaches instability in a large 
number of specific linear combinations of neuronal activities. This type of criticality is hidden from 
macroscopic signals such as population rates or LFPs and is only exposed by neuron-resolved 
statistics. 

We show how this regime imprints itself on the geometry and the time scales of activity. 
Geometrically, few modes dominate: activity collapses onto lower dimensional manifolds whose 
dimensionality is controlled by connectivity heterogeneity and cell-type-specific motifs, and 
covariances extend across ranges far beyond the reach of direct connections. Temporally, modes 
near instability relax on time scales far exceeding single-neuron time constants, so that criticality 
provides a reservoir of slow collective time scales. In hierarchically organized networks, areas at 
different distances to criticality could contribute different time scales that can be flexibly combined, 
providing a substrate for signal processing across multiple temporal ranges. 

Analyses of Neuropixels recordings in mouse visual cortex and Utah-array recordings in macaque 
motor cortex support these predictions and show that criticality, and with it the geometry and time 
scales of activity, is dynamically controlled by the network state. 
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From Layer 5/6 to the Network: Structured Diversity of Up-States in 

Human Cortical Slice Cultures 
Koch, Henner (Uniklinik RWTH Aachen) 

Cortical network activity self-organizes into recurring Up- and Down-states, a phenomenon before 

characterized in ferret and rodent slices (Sanchez-Vives & McCormick, 2000). Whether analogous 

dynamics emerge in adult human cortex, and how reproducibly they are generated at the cellular 

level, remains unclear. We recorded spontaneous and pharmacologically modulated network events 

in organotypic slice cultures derived from human temporal cortex (n=23 patients) using 256-

electrode (16×16) multi-electrode arrays (MEA) and for each event identified electrodes active within 

a 100 ms pre-onset window, defining a pre-onset initiator pool (top 10% earliest-firing electrodes) 

and core initiators (≥25% initiation probability, median latency ≤30 ms). Events exhibited the biphasic 

negative–positive LFP signature and population dynamics characteristic of cortical Up-states. Initiator 

sites varied from event to event within a given recording, indicating a probabilistic, non-stereotyped 

recruitment process rather than a fixed set of pacemaker units. Despite this trial-to-trial variability, 

initiation was not random, as Layer 5/6 accounted for 68% of pre-onset initiators across the cohort 

and was the dominant initiating layer in the majority of the recordings. These findings suggest that 

human cortical Up-states arise from a stochastically organized but anatomically constrained initiator 

network, with L5/6 acting as a probabilistic rather than deterministic initiation hub. 

t.b.a. 
Huber, Daniel (Genf) 

“Learning a Guess from a Guess” in Time, Space, and Together 
Shahidi, Neda (DPZ) 

In the absence of sensory cues, animals’ income from random sampling guides their future decisions. 

In two studies on temporal and spatial foraging in free-roaming macaques, I provide evidence that a 

random searcher infers relevant latent variables and uses them to choose when and where to 

search when options are distributed along the continuum of time and space. Recently, we extended 

this framework to situations in which decisions are made in the presence of others. Here, animals 

must continually arbitrate between pursuing an ongoing task and monitoring others. I propose that 

internal states mediate this task switching and that in primates this arbitration is embodied in visual 

vs. manual actions. This end-effector specialization raises new questions about how embodied 

choices are represented in primate cortex. 

Catching Cognition in the Act: New Ways to Track Naturalistic 

Cognitive Processing across Species 
Schölvninck, Marieke (Frankfurt) 

Imagine, for a moment, doing grocery shopping. Even a simple task like this requires a lot of 

simultaneous thought processes: spatial navigation through the aisles, working memory to 

remember the shopping list, attention to spot the right food items, and so on. Typically, neuroscience 

studies these processes separately, and very differently in different species. In my talk, I will show 

how multiple cognitive processes can be studied simultaneously in a natural way in mice, monkeys, 

and humans, thus allowing for a rare, direct comparison between these three species.  
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The Percolation Hypothesis to Human Cognition 
Treves, Alessandro (Trieste) 

The human brain expresses language and other forms of higher cognition which seem unparalleled in 

complexity even among mammals, who share essentially the same cortical and subcortical wetware. I 

will review the hypothesis that a critical evolutionary passage, which can be idealized as a percolation 

phase transition, has been driven by a quantitative increase in cortical connectivity. The hypothesis 

can be explored with a dramatically reduced model of spontaneous cortical activity, i.e., latching 

dynamics in associative Potts networks. 

t.b.a. 
Rose, Jonas (Ruhr-Universität Bochum) 

t.b.a. 
Wolf, Fred (CIDBN / MPI-DS) 

 

Shared Principles of Sensory Coding in Behaving Rodents and Primates 
Młynarski, Wiktor (LMU München) 

Sensory neurons are not passive relays - they are subject to constant modulation by the internal and 
behavioral states of an organism. This variability presents a major challenge to our theoretical 
understanding of sensory coding in actively behaving animals. One prominent state that exerts a 
significant impact on the visual system is locomotion. Across many species, from insects to rodents, 
the onset of movement alters neural activity throughout the visual hierarchy, thereby reshaping the 
sensory code. However, this modulation is markedly weaker in primates. These inter-species 
differences call into question the generality of computational principles that underlie sensory 
processing during behavior. In this talk, I will first outline computational approaches to characterize 
and quantify sensory codes subject to multiple modulating factors. I will then present a normative 
theory that offers a unifying explanation for these seemingly divergent modulatory effects of 
locomotion across species. These results give hope that the apparent complexity and variability of 
sensory codes can be understood through a small set of relatively simple computational principles. 
 

Principles of Cortical Interactions in Mouse, Man and Mustela 
Kaschube, Matthias (Frankfurt) 

Cortical circuits must adapt dynamically to the strength of sensory inputs, integrating information 

when signals are weak and refining representations when they are strong. Experimental and 

theoretical studies suggest this adaptation requires recurrent cortical circuits that engage in 

cooperative amplification and competitive interactions within functional networks. Recent studies in 

mouse primary visual cortex (V1) have begun to support this idea, and the observations from this 

experimental work have been explained by the emergence of a novel circuit motif whereby 

excitatory and inhibitory cells are strongly connected. Despite these advancements, neither models 

nor data provide a clear picture of the behavior of cortical columns within circuits with functional 

topography, such as the visual cortex of carnivores and primates. Within these circuits, neighboring 

cells (excitatory and inhibitory) are selective for similar features in visual space, raising the question 

of whether cortical columns act as amplifiers or engage in feature competition. 
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Here we use single-cell perturbations in visually experienced ferret V1 to show that columnar cortical 

networks switch from amplification between functionally-coupled cells at low stimulus contrast to 

spatially broad suppression at high contrast. This reversal emerges in a recurrent network model with 

strong inhibitory-excitatory connectivity and weaker excitatory-excitatory connections. Intriguingly, 

this network motif contrasts sharply with known models of strongly columnar activity in early cortex, 

suggesting a developmental shift from initially columnar to more sparsified activity, resembling 

mouse V1 - a shift we indeed observe in spontaneous cortical activity across the developing cerebral 

cortex. Our observations point toward interpreting columnar organization in primates and carnivores 

as a transient developmental phase suited to large cortices, one that establishes low-dimensional 

representations of the most prevalent features first, before transitioning to higher-dimensional, 

richer representations that can fully cope with and adapt to complex, changing environments. 

 

Routes towards Flexibility and Resilience in Cortical Processing 
Ernst, Udo (Bremen) 

Throughout the evolution of mammals, the brain has evolved away from specialized solutions toward 

“universal” architectures. To increasing extents, the same neurons and brain regions are flexibly 

reused for different tasks. At the same time, information processing for a specific task must be as 

resilient as possible — that is, reliable in the face of changes in the environment or stimulus context. 

In our talk, we would like to discuss the theoretical foundations and neural mechanisms of resilient 

flexibility, using the visual system as an example. We are particularly interested in the question of 

how flexibility might have emerged in the brain through learning and self-organization. We illustrate 

these theoretical questions with examples from current research on multitask learning, parallel 

control, and the role of temporal coordination in attention paradigms, with direct reference to 

physiological effects observed in experimental studies of our collaborators. 

 

 

Translating Sensations to Perceptions across Species 
Sedigh-Sarvestani, Madineh (Cornell) 

How does the brain transform patterns of sensory activity into meaningful representations of the 
world? Our work explores the idea that sensory signals acquire meaning through the predictable 
ways they change as an animal moves and acts. Because species differ in their bodies, movements, 
and sensory organs, they generate different patterns of sensory input through their own actions. 
Understanding these patterns may therefore provide a framework for understanding the 
organization and function of visuomotor systems across species.  

I will focus on the tree shrew, a highly visual and mobile mammal whose visual system challenges the 
traditional distinction between frontal- and lateral-eyed animals. Despite having laterally positioned 
eyes, tree shrews show multiple specializations for frontal vision, including enhanced retinal 
sampling of the frontal visual field and the ability to move their eyes independently of the 
head. More broadly, we ask what an animal’s repertoire of eye and head movements can tell us 
about its visual experience. The transformations of retinal input produced during gaze shifts can 
themselves provide information about the location and structure of the world, making motor 
complexity an important part of understanding visual perception.  
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I will then ask how these relationships are learned and how flexibly they can be updated. By altering 
the normal relationship between movement and visual input with image-inverting prisms, and by 
creating entirely new relationships between actions and sensory signals through sensory 
substitution, we are testing how the brain learns and revises the rules it uses to interpret sensory 
input. Tree shrews can adapt to inverted vision, allowing us to ask how established relationships 
between action and sensation are reorganized when those rules change. Together, these 
experiments ask how experience with the sensory consequences of our own actions helps transform 
sensation into perception. 

 

t.b.a 
Engel, Tatjana (Princeton) 

 

Building, Rewiring, and Breaking the Brain: Evolution of Gene 

Regulatory Networks 
Nowick, Katja (FU Berlin) 

How do evolutionary changes in genomes give rise to differences in brain structure and function? 

While mammalian brains are built using deeply conserved developmental programs, relatively subtle 

changes in gene regulation can generate substantial differences in cellular composition, 

developmental trajectories, and ultimately cortical organization. Transcription factors are central to 

this process: they translate genomic information into dynamic developmental programs, coordinate 

cell-state transitions, and organize the expression of large sets of downstream genes. Yet transcription 

factors do not act in isolation. Their evolutionary and developmental consequences emerge from their 

interactions within gene regulatory networks. 

In this talk, I will explore brain evolution through the lens of comparative transcriptomics and 

regulatory networks. I will first discuss how changes in the function of developmental transcription 

factors, using ZEB2 as an example, can alter molecular programs across primates. I will then present 

how transcription factor networks have been modified during primate brain evolution. These 

approaches raise the question of whether evolutionary novelty resides primarily in individual genes, 

cell types, or in the regulatory architectures that connect them. Hence, I will further consider the 

evolution of transcription factor families themselves, focusing on the rapidly diversifying KRAB-ZNF 

family as an example of how the regulatory genome can generate evolutionary novelty. However, the 

regulatory systems that enable developmental and evolutionary innovation may also represent points 

of vulnerability. Perturbations of these networks, whether caused by genetic variation or 

environmental stress, can alter developmental trajectories and compromise brain growth and 

cognitive function. I will discuss an example on rodents living under extreme environmental conditions 

revealing molecular network disruptions associated with altered brain development and function.  

Together, these examples suggest that brain evolution, developmental robustness, and vulnerability 

can be understood within a common framework: the evolution and perturbation of gene regulatory 

networks. Understanding how these networks are built, rewired, and disrupted may therefore provide 

a bridge between genes, cells, circuits, and the evolution of complex brains. 
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t.b.a 
Neef, Andreas (CIDBN) 

 

Mouse, Monkey, Man - Homology or Functional Divergence of Cortical 

Interneurons across Species 
Pommer, Stefan (CIDBN) 

Cortical GABAergic interneurons are essential for local circuit function, yet their diversity across 

species is not fully understood. Rodent interneurons have provided the principal framework for 

classifying molecularly, morphologically, and electrophysiologically defined subtypes, but emerging 

data from primates challenge the assumption of direct homology. In this talk, I will address the 

question: to what extent are cortical interneurons conserved across species, and where do primates 

show functional divergence? 

First, I will discuss findings from our recent study comparing the intrinsic electrophysiological and 

morphological properties of common marmoset neurons in layers I–III of primary visual cortex (V1) 

and lateral prefrontal cortex (LPFC). Using a machine-learning classifier trained on mouse data, we 

identified three major cell classes—excitatory, fast-spiking inhibitory, and non-fast-spiking inhibitory 

neurons—and found systematic area-specific specializations, including inverted excitability 

relationships between excitatory and fast-spiking neurons and enhanced bursting in LPFC. Second, I 

will place these findings in the context of how transcriptomic approaches have transformed our 

understanding of GABAergic interneuron diversity, highlighting both conserved classes (PV, SST, VIP, 

LAMP5) and emerging evidence for primate-specific specializations. Together, these findings suggest 

that primate interneurons are not merely scaled-up versions of their rodent counterparts, but exhibit 

functional specialization that may expand the computational repertoire of cortical circuits. 

 

t.b.a. 
Miller, Ken (Columbia) 

 

Cortical Neuronal Diversity Supporting Human Cognition 
Mansvelder, Huib (Amsterdam) 

Why are some people able to think faster than others? It is a mystery how 
neurobiological factors contribute to differences in cognitive ability between 
individuals. Can differences in brain circuits, cells, or perhaps molecular networks 
contribute? Traditionally, research on the topic of the neurobiology of human 
intelligence follows two very different strategies: either investigating brain structure and 
function of areas in our brain that are involved in intelligence through brain imaging, or 
identifying genes and genetic loci associated with intelligence in genome wide 
association studies. However, we know little about the intermediate level: how do 
properties of brain cells relate to human cognition? Most of our understanding of how 
properties of brain cells contribute to cognition comes from laboratory animals. The 
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emergence of single cell transcriptomics combined with functional and morphological 
analysis of neurons in human neocortex may offer an opportunity to understand how 
genes of intelligence can act on cortical structure and function to contribute to human 
mental ability. This talk is centered on the question whether human neocortical 
architecture and neuron properties contribute to human cognition. I will discuss our 
recent work on adaptations in human neuron structure and function that distinguishes 
them from those of laboratory animals. Furthermore, I will show our recent approaches 
to link genetic, cellular, and brain-imaging studies by investigating whether expression 
of genes associated with human cognitive ability are associated with the neuronal 
properties in specific neuron types and brain areas. 

 

t.b.a 
Kreiter, Andreas (Bremen) 

 

Cortical Dominance over Short-latency Visual-motor Reflexes in 

Primates: Mechanisms and Implications 
Hafed, Ziad M. (Tübingen) 

Optimal behavior requires active coordination between exogenous sensory events and internal brain 

states. Understanding such coordination is rendered challenging given the massive parallelism, 

followed by equally massive convergence, of sensory signals – even within a single sensory modality 

– when conveying information to the motor periphery. I will start by showing that in the oculomotor 

system, coordination between exogenous and endogenous circumstances results in a very short-

latency resetting phenomenon, called saccadic inhibition, that is reflexive, unadaptable, and visually 

feature-tuned. Despite these properties, this phenomenon is completely eliminated by inactivating 

the primary visual cortex (V1), suggesting an unequivocal cortical dominance in primates. This 

dominance happens despite the existence of several alternative visual pathways bypassing V1 

(including direct retinotectal projections), and despite the fact that V1 loss in other species (such as 

rodents) only marginally alters visually-guided behavior. Remarkably, I will then show how 

multisensory stimulation can still unmask a functional role for alternative visual pathways, suggesting 

that these pathways are not entirely dormant. When randomly interleaving task-irrelevant 

simultaneous sounds (with visual stimuli presented within the cortically-blind visual field), saccadic 

inhibition (on those trials) is not only recovered, but it is also associated with V1-independent 

neuronal modulations in both the superior (SC) and inferior (IC) colliculi. These results indicate that 

even when the geniculostriate pathway is dominant, like in primates, alternative visual pathways still 

alter behavior under the appropriate sensory contingencies; these results also allow uncovering 

functional spatial interactions within SC visual receptive fields, with and without the presence of 

primary visual cortical input. 
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Poster Abstracts 

preliminary version – there might be last-minute changes 
in case of cancellation and/or non-registration! 

 

The role of cell-type diversity and interareal heterogeneity in a multi-area spiking 
network model of human cerebral cortex 

Luke Zhang1,2, Renan Shimoura1, Sacha van Albada1,2 

1  Institute for Advanced Simulation (IAS-6), Jülich Research Centre, D-52428 Jülich, Germany. 
2  Institute of Zoology, University of Cologne, D-50674 Cologne, Germany. 

Mechanistic neuronal models serve as an important bridge that links cellular architecture, cortical 

connectivity, and electrophysiological properties with population dynamics. These models allow for 

the derivation of functional underpinnings of biological features and bring us closer to a more 

comprehensive understanding of the brain and cognition. An example of such models is the multi-area 

spiking network model of human cerebral cortex of Pronold et al. (2024), or HuMAM, which 

incorporates the Desikan-Killiany parcellation, electron microscopy, electrophysiology, and 

morphological reconstructions to define a network of leaky integrate-and-fire neurons that predicts 

multiscale cortical activity. While the model can reproduce realistic cortico-cortical interactions and 

spiking dynamics, it employs a simplified microcircuit that overlooks the contribution of cell-type 

heterogeneity that exists in the brain. Interneuron diversity has long been a topic of interest, with 

numerous publications providing evidence for different functional identities of interneuron subtypes 

and their contributions to network dynamics. However, the HuMAM model only simulates one 

excitatory neuron type and one inhibitory neuron type, which heavily limits the functional 

heterogeneity amongst the neurons. Here, we expanded the model to include broad interneuron 

classes, electrophysiological properties, and connectivity patterns described in Jiang et al. (2024). 

Additionally, we are expanding the model from the Desikan-Killiany parcellation, which includes 34 

areas, to the Juelich Brain Atlas, which includes 135 cortical areas and more up-to-date neuron 

densities and layer thicknesses. We compare our new model with improved biological detail with 

resting-state spiking and fMRI data, aiming to uncover how these new biological details affect the 

population dynamics. 

 

Primary cilia: an ancient organelle supporting working memory in the cortico–basal 
ganglia circuit 

Amal Alachkar1, Kiki Chen1, Archana Proddutur1, Gyorgy Lur1 

University of California Irvine 

Working memory in mammals depends on cortico–basal ganglia–thalamic loops, in which the striatum 

integrates convergent cortical and thalamic input. Primary cilia, solitary, microtubule-based signaling 

organelles, are among the most deeply conserved features of eukaryotic cells and are retained by 

nearly all neurons, yet their contribution to higher-order cognition has remained unknown. We 

combined behavioral, anatomical, electrophysiological, and metabolomic approaches in adult mice to 
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test whether this ancestral organelle is required for striatal working-memory function. Selective 

ablation of cilia from dorsal striatal medium spiny neurons (AAV-Cre deletion of Ift88) impaired spatial 

working memory and the acquisition and brief storage of information, including new motor-skill 

learning, while sparing long-term consolidation and established habits. A unifying feature of the 

affected behaviors was disrupted timing perception, suggesting that striatal cilia help calibrate the 

temporal dynamics of the basal ganglia–cortical circuit. Defining the underlying circuit, monosynaptic 

rabies tracing revealed an approximately threefold reduction in brain-wide afferent convergence that 

preferentially eliminated cognitive-associative cortical and higher-order thalamic inputs while sparing 

motor-execution pathways. Surviving synapses were functionally weakened, with reduced excitatory 

transmission and a lowered NMDA:AMPA ratio. Untargeted metabolomics linked these deficits to 

coordinated depletion of membrane lipids, polyamines, and glutamate-related metabolites 

supporting synaptic integrity. These findings identify the primary cilium as an essential regulator of 

the corticostriatal connectivity, excitatory signaling, and molecular environment required for working 

memory and accurate timing. Because the cilium is conserved across vertebrate lineages while 

corticostriatal architecture is markedly elaborated from rodent to primate, this work raises a 

comparative question aligned with the workshop's themes: how an ancient cellular building block is 

deployed, and potentially re-tuned, to support working memory across evolving mammalian brains. 

 

Learning to learn with reward-gated local plasticity 

Dimitra Maoutsa1 

Independent 

Task-trained recurrent neural networks (RNNs) are widely used in neuroscience to generate 

hypotheses about circuit computation. Yet, gradient-trained RNNs often exhibit a simplicity bias, 

converging to low-dimensional solutions that may reflect the inductive bias of the training algorithm 

rather than the space of computations accessible to synaptic plasticity. Biological circuits, by contrast, 

modify recurrent interactions through local synaptic variables gated by delayed, global reinforcement 

signals. Existing approaches for discovering plasticity rules that fit behavioral or neural data mostly 

consider two-factor rules or continuous feedback, leaving reward-modulated learning underexplored. 

This raises the question: which reward-gated local learning rules can generate task-appropriate 

recurrent dynamics? We address this question by meta-optimising a family of local three-factor 

plasticity rules in recurrent networks trained on delayed-reward tasks. Each synapse carries an 

eligibility trace that accumulates pre–post synaptic co-activity and allows for punctuated changes of 

neuronal interactions upon reward delivery. Rule parameters shape the eligibility dynamics, thereby 

controlling how co-activation patterns drive plasticity. We factorise the meta-optimisation objective 

into two parts: a behavioural sensitivity, capturing how infinitesimal changes in the connectivity 

influence task outcome, and a plasticity sensitivity, capturing how infinitesimal changes of the rule 

parameters influence the connectivity. We approximate the former by a scalar analysis functional that 

correlates with task performance, and compute the latter by forward-mode differentiation on a 

random projection subspace. Applying this procedure to standard delayed-reward tasks used in 

systems neuroscience, we find that the meta-optimised rules consistently learn the task faster than 

the canonical reward-modulated cubic rule. Our work provides a practical procedure to search for 

local three-factor rules that support learning common neuroscience tasks from delayed rewards. 
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Structural constraints on neuronal avalanche dynamics in human MEG: 
implications for cross-species criticality 

Gianmarco Cafaro1,2,3, Silvia Scarpetta1,2, Marianna Angiolelli4, Gian Marco Duma3, Pierpaolo 
Sorrentino4,5 

1  Department of Physics “E.R. Caianiello”, University of Salerno, Via Giovanni Paolo II, 132, Fisciano, Italy 
2  INFN Sezione di Napoli, Gr. Coll. di Salerno, Via Giovanni Paolo II, Fisciano, Italy 
3  Scientific Institute IRCCS E.Medea, Epilepsy and Clinical Neurophysiology Unit, Conegliano (TV), Italy 
4  Department of Motor Sciences and Wellness, University of Naples “Parthenope”, Naples, Italy 
5  Aix Marseille Univ, INSERM, INS, Inst Neurosci Syst, 27 Bd Jean Moulin, 13005 Marseille, France 

Among the most robust phenomena observed across species and experimental preparations, 

neuronal avalanches have been consistently reported in vivo and in vitro, from rodents to non-human 

primates and humans. These are scale-free bursts of neural activity considered a signature of systems 

operating near a critical regime. Criticality is proposed to support efficient information processing and 

flexible reconfiguration of brain activity. Magnetoencephalography (MEG) records large-scale cortical 

activity, enabling the study of avalanche dynamics in distributed cortical networks. The presence of 

neuronal avalanches across species and spatial scales raises a key question for comparative 

neuroscience: how can brains with different anatomical and evolutionary organization converge 

toward similar critical dynamics? This idea aligns with degeneracy, where different structural 

configurations generate similar functional outcomes. Evolutionary changes in cortical architecture 

may therefore be constrained by the need to preserve critical-like dynamics. We analyzed resting-

state MEG recordings from 30 healthy adults during eyes-closed conditions. We investigated the 

temporal structure of neuronal avalanches and their relationship with the structural embedding of 

cortical regions (white matter connectivity), derived from diffusion MRI tractography. We examined 

the joint statistics of avalanche size and the preceding silent period. These variables were not 

independent: small avalanches tended to follow long silent periods, whereas large avalanches 

preferentially followed short ones, revealing a structured temporal dependency. Avalanche size was 

associated with distinct patterns of cortical recruitment. Regions with higher connections were more 

often involved in smaller avalanches, whereas less connected regions were preferentially recruited 

during larger events. This suggests that structural connectivity shapes both temporal and spatial 

aspects of avalanche dynamics. This work shows how cortical architecture constrains critical brain 

dynamics, providing a framework for comparative studies across species. Identifying conserved and 

variable features of avalanche organization may clarify how evolutionary changes in brain structure 

lead to shared dynamical principles while supporting species-specific computations. 

 

A paradigm to study attention-dependent reconfiguration of effective connectivity 
within neuronal populations 

Tim E. Thörner1, Eric Drebitz1, Andreas K. Kreiter1 

Cognitive Neurophysiology, Brain Research Institute, University of Bremen 

Attention can be used to process whole objects selectively, or to process small parts of an object in 

more detail. However, it is unknown how a neuronal population processing an object switches its 

processing when attention is reapplied from the entire object to a certain part of this object. 
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Ultimately, when attending only a part of an object, the isolated processing of just a part of the 

information that would otherwise be processed in combination with the entire information is 

required. We hypothesize that this is facilitated by attention-dependent modification of the effective 

connectivity within neuronal ensembles, potentially by selective modulation of their oscillatory 

synchrony. To test this hypothesis, we developed an attention-demanding shape tracking task for 

monkeys, in which they attend to a stimulus whose complex shape continuously changes. Crucially, 

subjects are cued to attend either the entire shape or only one half of that shape. Behavioral data of 

two macaque monkeys (Macaca mulatta) performing this task show that they reliably attended either 

one of the two halves or the whole stimulus depending on the cue. Further, microsaccade directions 

correlated with the location of the attended half or whole shape. A response time and performance 

impairment when just one half shape was attended indicates that the changed processing demands 

on the neuronal population influenced behavior. Accordingly, the timing of wrong responses in 

unsuccessful trials show that monkeys attended to the uncued half or whole object, likely due to a 

misapplication of the population’s processing capabilities. These findings indicate that, in this task, 

monkeys learn to attend the entire stimulus or just a part of it depending on task requirements. This 

paradigm is therefore well-suited to investigate how neuronal population activity is organized when a 

whole or a part of an object in the population’s receptive field is attended. 

 

Interfacing living neural circuits to study the emergence of orientation selectivity 

Julian Vogel1–4, Manuel Schottdorf1–5, Shy Shoham6, Walter Stühmer2, Fred Wolf1–4 

1  University of Göttingen, Campus Institute for Dynamics of Biological Networks, Göttingen, Germany 
2  Max Planck Institute for Multidisciplinary Sciences, Göttingen, Germany 
3  Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany 
4  Bernstein Center for Computational Neuroscience Göttingen, Göttingen, Germany 
5  University of Delaware, Newark, United States 
6  New York University, New York, United States 

A prominent feature of the primary visual cortex of mammals is the selectivity of neurons to oriented 

edges. While primates and carnivores arrange orientation selective neurons into columnar domains, 

rodents distinct from this nearly invariant pattern exhibit an interspersed layout of orientation 

selectivity. In both architectures orientation selectivity is thought to arise from the convergence of 

afferent input from a non-selective prior stage of the visual pathway. To better understand the 

emergence of orientation selectivity and the potential transitions between different arrangements we 

designed a synthetic model of the early visual pathway that combines computational and biological 

components. This hybrid system allows to test different thalamo-cortical connection schemes and 

their influence on orientation selectivity in living neuronal tissue. To this end, we express a light-

sensitive ion-channel in neurons and use a holographic stimulation system to generate spatial-

temporal patterns that mimic thalamic input computationally obtained from a model of the afferent 

connectome. The target were either primary cell cultures from cortical neurons or acute tangential 

brain slices of visual cortex. Using this system we measured a loss of orientation bias with decreasing 

size of orientation modules with significant orientation tuning remaining even in the absence of 

specific inputs. By using reverse correlation we linked this intrinsic orientation bias to interactions 

within the cortical circuit, highlighting the potential of intracortical connections to drive the 

emergence of orientation selectivity. Hybrid systems as ours can provide valuable insights into 

processing in the visual cortical pathway and its evolutionary transformation. 
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Reliable neural network dynamics despite unreliable synapses 

Paul Brase1,2, Mohammadreza Soltanipour1,2, Amirmohammad Naderi3, Rainer Engelken4, Fred 
Wolf1,2 

1  Campus Institute for Dynamics of Biological Networks, University Göttingen, Heinrich-Düker-Weg 12, 37073 Göttingen, 
Germany 
2  Max Planck Institute for Dynamics And Self-Organization, Am Fassberg 17, 37077 Göttingen, Germany 
3  European Neuroscience Institute, University Göttingen, Grisebachstr. 5, 37077 Göttingen, Germany 
4  Department of Electrical and Computer Engineering, University of Illinois Urbana-Champaign, USA 

Reliability in neural computation is essential for accurate sensory processing and cognitive function. 

While cortical neurons can respond reliably to fluctuating stimuli, synaptic transmission is inherently 

stochastic due to probabilistic neurotransmitter release. It remains an open question how neural 

circuits maintain reliable information encoding in the face of this synaptic randomness. In this study, 

we investigate how stochastic synaptic transmission affects the reliability and dynamics of cortical 

computations at the network level. Using an analytically tractable spiking neuron model operating in 

the asynchronous irregular regime—the classical balanced state—we analyze large-scale excitatory-

inhibitory networks driven by cortical-like Poisson input. To characterize reliability, we compute the 

full Lyapunov spectrum, cosine trajectory distances and Gaussian spike train distances. These 

measures jointly assess the network’s sensitivity to small perturbations, as well as trial-to-trial 

variability in both voltage trajectories and spike timing. We find that synaptic failures reduce chaos by 

weakening recurrent feedback, but leave it unchanged when effective connectivity is preserved. By 

contrast, unreliability increases trial-to-trial variability, though its effect remains minor compared to 

the dominant stabilizing influence of external Poisson drive. 

 

Response variability accelerates learning in structured cortical circuits 

Sigrid Trägenap, Matthias Kaschube 

Frankfurt Institute for Advanced Studies, Frankfurt am Main, Germany 

To inform behavior, cortical circuits must produce activity that is consistent within and across trials, 

supporting reliable stimulus discrimination. Yet recent work in visual cortex shows that responses to 

grating stimuli at the onset of visual experience are highly variable, and become reliable only in an 

experience-dependent manner over the following days [1]. Which mechanism can reduce this 

response variability, and does the initial degree of variability influence how quickly reliable 

responses emerge? 

To address these questions, we study linear network models in the regime of structured, strong 

recurrent interactions with plastic feedforward and recurrent connections. Using these models, we 

demonstrate that Hebbian-like plasticity can reduce the response variability to noisy inputs by 

increasing the alignment between feedforward input and the recurrent network. Establishing such 

alignment has been suggested as a factor underlying the increase in reliability [1] and is functionally 

relevant: aligned inputs are selectively amplified and evoke more reliable and temporally stable 

responses in silico and in vivo [2], potentially creating a positive feedback that biases plasticity 

towards increasing alignment. Because Hebbian-like plasticity increases alignment, we optimize 

feedforward-recurrent alignment directly by adapting feedforward and recurrent connectivity as a 

tractable proxy for Hebbian plasticity. 
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To probe how response variability affects this convergence process, we vary the dimensionality of 

the feedforward input, which makes initial responses more variable. We find that higher input 

dimensionality accelerates convergence towards high alignment, specifically in regimes of strong, 

fast feedforward plasticity.  

Together, these results suggest that the reduction of early variability is itself accelerated when initial 

responses are more variable and high-dimensional: such responses provide a flexible starting point 

from which experience can rapidly align feedforward connectivity to a strong recurrent network. 

This points to a constructive role for early variability that is specific to feedforward plasticity.  

Whether the initial spatial architecture of the recurrent network, for instance modular versus locally 

unstructured connectivity, shapes the speed of this alignment process is an open question our 

framework is positioned to address. 
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Random Dot Motion and Drifting Gratings Engage Distinct Circuit Dynamics Across 
the Mouse Visual Hierarchy 

Yael Oran1, Sofia Pereira da Silva2, Saif Ahmed2, Loreen Hertäg2, Jimin Park3, Shiella Caldejon3, Carter 
Peene3, Ahad Bawany3, Alex Stearns3, Madeline Tom3, Julie Weber3, Ali Williford3, Jackie Swapp3, 
Peter A. Groblewski3, Jérôme A. Lecoq3, Henning Sprekeler2, Julia Veit1 

1  University of Bremen, Bremen, Germany 
2  Technische Universität Berlin, Berlin, Germany 
3  Allen Institute for Brain Science, Seattle, WA, United States 

Motion processing is a defining feature of mouse vision. Unlike primates, mice do not rely on foveal 

vision for detailed object inspection; instead, their visual behaviors are heavily shaped by motion cues 

across the visual field. However, much of our understanding of mouse motion processing relies on 

responses to drifting gratings. While these stimuli are excellent for mapping basic orientation and 

direction selectivity, they provide a spatially uniform, edge-based signal that may fail to reveal how 

cortical circuits integrate distributed local motion cues. Here, we used random dot kinematograms 

(RDKs) to examine motion processing under conditions that require integration of local motion signals. 

Using multi-plane two-photon calcium imaging in awake mice, we recorded from pyramidal neurons 

and SST, PV, and VIP interneurons across multiple visual areas (V1, LM, AL, RL, AM, and PM) and 

compared their responses to drifting gratings, RDKs, and motion-defined center-surround 

configurations. Gratings and RDKs both recruited robust activity across visual areas and cell types. 

However, they engaged partially overlapping but also separable populations. Among co-responsive 

cells, direction tuning was not preserved across stimuli (a dissociation confirmed via independent V1 

Neuropixels recordings). At the population level, grating direction was more readily decoded than RDK 

direction using linear SVM classifiers. Finally, motion-defined surrounds produced cell-type-specific 

modulation distinct from previously reported grating responses: in V1, SST cells were mainly surround-

suppressed, PV and VIP cells were surround-facilitated, and pyramidal cells were heterogeneous. 

Notably, this circuit logic varied across the cortical hierarchy, with SST cells in higher visual area RL 

showing the opposite trend. Together, this direct comparison reveals that the canonical circuit logic 
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derived from gratings does not generalize to complex motion, highlighting the need to understand 

how cortical circuits dynamically adapt to different types of motion. 

 

The Social Switchboard: Context and Rank Shapes Behavioural and Neural 
Responses During Macaque Decision-Making 

Shahab Zarei1, Ian Max Andolina2 

1  Division of Behavioral Development, National Institute for Physiological Sciences, Myodaiji, Okazaki, Japan. 
2  Institute of Neuroscience, Laboratory of Primate Neurobiology, CEBSIT, Chinese Academy of Sciences, Shanghai 200031, 
China 

Social interactions shape many of our most ethologically relevant decisions and require considerable 

cognitive sophistication. Factors such as immediate needs, social bonds, hierarchical status, and 

reciprocity norms impact decision-making. Yet most laboratory paradigms examine individuals and 

social factors in isolation. We developed a face-to-face cognitive testing platform using a transparent 

touchscreen that allowed pairs of adult male Macaca fascicularis (n = 6) with established dominance 

relationships to perform a decision-making task across six differing social contexts: audience, co-

action, envy, cooperation, competition, and altruism. The originality of our design lies in its direct 

comparison of multiple social contexts within a single task. We recorded eye movements 

simultaneously from both subjects (gaze position and pupil diameter), synchronised behavioural 

video, and task performance. Across social contexts, macaques performed better in the presence of a 

conspecific than when tested alone, but performance declined under altruistic and competitive 

conditions. Dominance substantially modulated motivation: dominant subjects were less willing to 

engage when rewards were shared (“envy”), when only the partner was rewarded (altruism), or when 

contingent action with a subordinate was required (cooperation). Eye-tracking revealed greater pre-

choice arousal and social attention during social sessions, indexed by dilated pupils, longer fixations 

on the partner’s face, and more saccades before—but not during or after—choices. Pupil dilation was 

larger in dyads where both individuals were dominant than in dyads where one was subordinate. 

Finally, noninvasive functional near-infrared spectroscopy (fNIRS) showed increased cortical 

engagement relative to baseline in audience, altruism, competition, and cooperation conditions. 

Beyond establishing a tractable platform for probing the neural bases of contextual social decision-

making, these findings show that BOTH social context and hierarchy systematically shape choices, 

attentional allocation, autonomic arousal, and cortical engagement in macaques. 

 

Emergence of beta oscillations through neuronal interactions and short-term 
plasticity in a Parkinsonian network model 

Mahzad Jafari1, Mina Zarei1, Mojtaba Madadi Asl2 

1  Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), Zanjan, Iran 
2  School of Biological Sciences, Institute for Research in Fundamental Sciences (IPM), Tehran, Iran 

Neural oscillations play a fundamental role in various brain functions, and disturbances in these 

oscillatory activities can lead to a broad spectrum of neurological disorders. For example, certain 

motor impairments observed in Parkinson’s disease are closely associated with the emergence of 

abnormal beta oscillations (13–30 Hz) within motor control circuits. These pathological oscillations 
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arise from interactions among neural circuits involved in motor function. On the other hand, short-

term synaptic plasticity, which reflects the brain’s ability to dynamically reorganize synaptic 

connections based on neural activity, is another important factor influencing the dynamics of beta 

oscillations in Parkinson’s disease. From a computational modeling perspective, however, these 

mechanisms are often overlooked because of the complex interactions within neural circuits involved 

in motor control. In this study, by developing a minimal computational model consisting of two 

subcortical nuclei, we demonstrate how interactions among different neuronal populations and short-

term synaptic plasticity can give rise to beta oscillations in a computational model of Parkinson’s 

disease. This model can account for alterations in neuronal activity and synaptic connectivity between 

neural populations under healthy and pathological conditions. Furthermore, the findings of this work 

may contribute to the improvement of brain stimulation approaches aimed at alleviating motor 

symptoms in Parkinsonian patients. 

 

Convergent Information Processing in Divergent Architectures? Timescales and 
Predictability in Mice and Pigeons 

Marcel C. Raabe1, Lucas Rudelt2, Winston Seah3, Robert Willma3, Roland Pusch3, Jonas Rose3, Onur 
Güntürkün3, Viola Priesemann2, Michael Wibral1 

1  Georg-August University Göttingen 
2  Max-Planck-Institute for Dynamics and Self-Organization 
3  Ruhr-University Bochum 

Avians can achieve primate-level cognition despite radically different brain anatomy, raising the 

question of whether information processing follows similar principles. In mammals, information is 

processed hierarchically, as shown in mice, macaques and humans, leaving a specific footprint in the 

organization of intrinsic timescales and predictability of the neural activity. Here, we present an 

analysis of correlation timescales, information timescales, and predictability of resting state neural 

spiking in the visual system of moving mice, and compare them to analogous measures in the visual 

tectofugal pathway of head-fixed pigeons. In mice, intrinsic timescales and predictability increase 

markedly from thalamus to cortex. Within cortex, intrinsic timescales increase with the anatomical 

hierarchy, while predictability shows the opposite trend. In pigeons, intrinsic timescales are 

substantially shorter than in mice, consistent with faster avian information processing reported 

previously. Unexpectedly, timescales appear to decrease along the hypothesized tectofugal hierarchy. 

Despite this, predictability in avian pallium matches that of mouse higher-order cortex. Summarized, 

we present an information theory motivated analysis of avian and mammalian neural spiking, and 

show similarities and differences in the temporal information processing. 

 

From Synaptic Potentiation to Human Motor Cortical Reorganization: Cross-Scale 
Markers of Cortical Plasticity in Mouse and Man 

Parikshat Sirpal1 

Department of Neurosurgery, University of Oklahoma Health Sciences Center, Oklahoma City, OK 73019, United States; 
Center for Geroscience and Healthy Brain Aging, University of Oklahoma Health Sciences Center, Oklahoma City, OK 73019, 
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United States; School of Electrical and Computer Engineering, University of Oklahoma, Gallogly College of Engineering, 
Norman, OK 73019, United States 

Cortical function emerges from adaptive processes operating across biological scales, from synaptic 

potentiation within local circuits to large-scale reorganization of distributed motor networks after 

injury. Although mouse models provide mechanistic access to synaptic plasticity, human 

neurophysiological recordings provide systems-level measures of cortical state organization during 

behavior. Bridging these scales may reveal shared principles governing cortical adaptability, stability, 

and recovery across species. Here, we propose a cross-scale computational framework linking age-

dependent mouse long-term potentiation (LTP) with human motor cortical dynamics after stroke. In 

the mouse component, LTP recordings are analyzed across age groups to quantify synaptic plasticity 

using session-level potentiation metrics, bootstrap confidence intervals, threshold sensitivity 

analyses, and effect-size estimates. This provides a mechanistic readout of how aging alters the 

dynamic range of synaptic adaptation. In the human component, EEG recordings acquired during 

shoulder abduction tasks in stroke and control participants are analyzed using time-frequency 

decomposition, recurrence quantification analysis, state-space trajectory modeling, and recurrence-

derived cortical network measures. Motor behavior is segmented into task-relevant transition zones 

corresponding to movement preparation, execution, and recovery, allowing quantification of how 

stroke alters the temporal organization of cortical state transitions. We hypothesize that reduced 

synaptic potentiation in mouse and disrupted motor cortical state transitions in human stroke reflect 

a shared stability-flexibility tradeoff in cortical networks. Specifically, impaired plasticity is expected 

to manifest as reduced adaptive dynamic range at the synaptic scale and as less organized, less 

deterministic, or pathologically prolonged state transitions at the systems scale. This framework 

positions mouse LTP as a mechanistic model of cortical adaptability and human stroke EEG as a lesion-

induced perturbation model of cortical reorganization. By integrating synaptic, dynamical, and 

neurophysiological markers, this work aims to contribute to a broader comparative understanding of 

cortical structure and function in mouse and man. Future extensions will incorporate neurovascular 

barrier integrity as a biological constraint on plasticity, linking synaptic adaptation, cortical dynamics, 

and brain resilience. 

 

Investigating prefrontal cortex dynamics in a large-scale data-driven spiking neural 
network 

Pedro R. Pinheiro1, Rafael F. Gigante1, Arthur R. Rodrigues2, Antônio C. Roque1 

1  University of São Paulo 
2  Federal University of Minas Gerais 

Despite the central role of the prefrontal cortex (PFC) in higher cognitive function, many aspects of its 

large-scale dynamics and laminar interactions remain poorly understood. Here, we present a 

biologically grounded, data-driven spiking neural network model of the PFC implemented in the NEST 

simulator. Building upon the model of Hass et al. (2016), our approach employs adaptive exponential 

integrate-and-fire (AdEx) neurons in a large-scale network architecture and incorporates an external 

thalamic population. The model reproduces the laminar organization of the PFC, with each cortical 

layer composed of one excitatory and four inhibitory neuronal populations. Connectivity, synaptic 

delays, and short-term synaptic plasticity were constrained by experimental findings from mammalian 

cortex, including rodent and non-human primate studies. Excitatory synapses include both AMPA- and 
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NMDA-mediated currents, with NMDA receptors modeled using voltage-dependent magnesium block 

dynamics, whereas inhibitory synapses are mediated by GABAA receptors. Thalamocortical input was 

modeled using experimentally constrained synaptic parameters and Poisson-distributed spike trains. 

We validated the model by analyzing emergent population activity and synthetic local field potentials. 

The resulting power spectral density exhibited two scaling regimes with a transition near 60 Hz, 

consistent with experimentally observed cortical activity. By varying thalamic drive and background 

excitation to inhibitory neurons, we further characterized transitions between asynchronous irregular, 

synchronous irregular, and synchronous regular dynamical states. Overall, the model provides a 

flexible platform for investigating how laminar structure, synaptic physiology, and thalamocortical 

interactions shape large-scale PFC dynamics across mammalian cortical systems. 

 

Associative learning gates the integration of self-motion and touch 

Hyein Park1, Hayagreev V. S. Keri1, Scott R. Pluta1,2 

1  Department of Biological Sciences, Purdue University, Indiana, USA 
2  Department of Biology / Chemistry, University of Bremen, Germany 

Touch perception is an active process that emerges from the temporal coupling of neuronal activity 

to on-going elements of self-motion. However, the impact of associative learning on this brain-to-body 

interaction remains poorly understood. To address this gap, we made large-scale electrophysiological 

recordings from somatosensory cortex (S1) in naïve and expert mice that used active whisker touch 

to discriminate between two categories of bilateral stimuli. The precision of S1 spiking relative to the 

phase of whisker movement was significantly greater in expert mice. This enhanced phase tuning 

emerged from the spikes evoked by contralateral touch and from the non-evoked spikes that occurred 

during ipsilateral touch. Reward expectation during bilateral touch further improved phase tuning in 

S1 neurons via a multiplicative gain on firing rates. Surprisingly, the magnitude of this gain increased 

with the degree of temporal alignment between the self-generated (free-whisking) and touch-evoked 

tuning curves. Taken together, these data indicate that associative learning sharpens self-motion 

tuning in S1 neurons and amplifies task-relevant stimuli by dynamically gating the integration of self-

generated and touch-evoked inputs. 

 

Highly distorted three-dimensional orientation fields in primary visual cortex 

Licheng Zou1, Abel Petik2, Klaudia Csikós2, Daniel Hillier2, Fred Wolf1 

1  Göttingen Campus Institute for Dynamics of Biological Networks 
2  HUN-REN Research Centre for Natural Sciences 

Orientation preference maps (OPMs) are a canonical example of cortical organization and are 

commonly described within a two-dimensional framework, where orientation singularities appear as 

point-like pinwheels. However, (1) indicated that in three dimensions pinwheels rarely form straight 

columnar structures, challenging both the classical columnar hypothesis and existing two-dimensional 

descriptors. At present, a principled quantitative framework for characterizing three-dimensional 

OPM geometry is lacking. Here we develop a unified theoretical framework that generalizes 

maximum-entropy models of OPMs from two to three dimensions. In this formulation, pinwheel 

points naturally extend to pinwheel strings, which constitute the fundamental topological defects of 
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three-dimensional orientation maps. Within this framework, we derive exact analytical expressions 

for key geometric observables, including the mean string length, the statistics of distorted string 

motifs, and the full distribution of orientation differences between spatial locations. We show how to 

apply this theory to functional ultrasound imaging (fUSI) data from cat primary visual cortex (2), 

resolving orientation preference across cortical depth at columnar scales. The theoretical observables 

robustly capture experimentally observed three-dimensional organizations, revealing quasiperiodic, 

surface-like orientation structures and systematic distortions of pinwheel strings along the cortical 

depth that are not apparent in two-dimensional analyses. Together, our results provide a principled 

mathematical description of three-dimensional OPM organization, enabling quantitative comparisons 

across models and experimental modalities, and establishing extended topological defects as the 

natural building blocks of cortical organization beyond two dimensions. 

 

Striatal and frontal signatures of social context and cost-benefit decision making in 
developmental stuttering 

Nicole E. Neef1,2, Elena Winter1, Hellmuth Obrig3,4, Andreas Neef5, Toralf Mildner6, Shaza Haj 
Mohamad1, Christian H. Riedel1, Katharina Scholze2,7 

1  Department of Diagnostic and Interventional Neuroradiology, University Medical Center Göttingen, Göttingen, Germany 
2  Department of Neuropsychology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 
3  Clinic for Cognitive Neurology, University Hospital Leipzig, Leipzig, Germany 
4  Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 
5  Göttingen Campus Institute for Dynamics of Biological Networks, University of Göttingen, Göttingen, Germany 
6  NMR Group, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany 
7  Research Center of the German Foundation for Depression and Suicide Prevention, Department of Psychiatry, 
Psychosomatics, and Psychotherapy, Goethe University, Frankfurt am Main, Germany 

Developmental stuttering is usually framed as a sensorimotor disorder, yet it manifests in 

communicative situations that engage motivational, self-referential, and regulatory processes. In this 

case-control study, we combined a socio-economic decision task outside the scanner with a socially 

modulated speech task during functional MRI to test how listener presence and self-referential speech 

shape neural activity in 34 adults who stutter and 32 controls. Both groups valued talking with another 

person about themselves more than talking with another person about someone else or talking to 

themselves. On the neural level, listener-directed (vs. private) speech and self-disclosure (vs. guessing 

the preferences of a famous other) elicited stronger responses in the ventral striatum and medial 

prefrontal cortex, with no significant group differences in the central listener-directed versus private 

contrast. Within the stuttering group, individual differences revealed a systematic reweighting of 

socially modulated activation as a function of symptom burden: higher anticipation of stuttering and 

greater self-reported impact of stuttering on everyday life were associated with stronger engagement 

of motivational circuitry, greater recruitment of frontal evaluative-control regions, and reduced 

contextual differentiation within speech-language cortex. Stuttering anticipation and lived experience 

gradually shift the balance between control, language, and motivational salience-processing systems, 

contributing to the disorder’s marked heterogeneity and context sensitivity. These findings indicate 

system-level signatures of the interaction between social context and symptom severity in 

developmental stuttering, extending accounts based on sensorimotor deficits. 
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A hybrid V1–V4 field model of attention-driven visual perception 

Anton V. Chizhov1, Udo A. Ernst1 

Computational Neurophysics Laboratory, Institute for Theoretical Physics, University of Bremen 

Understanding how the brain transforms sensory signals into perception remains a central challenge. 

Attentional mechanisms support flexible processing, requiring a multi-level account of both neuronal 

dynamics in visual cortical areas and decision-making at higher cortical levels. We present a hybrid 

V1–V4 model linking cortical dynamics to visual behavior. Two conductance-based neural fields over 

retinotopic space and orientation, with PV- and SOM-like inhibition, are coupled by orientation-

aligned V1→V4 projections. Spatial attention enters as a multiplicative gain—compared against a 

disinhibitory variant—and a deliberately narrow bottleneck (≈100 V4 inputs) feeds a single linear 

readout, keeping recognition sensitive to biophysical detail. The same untrained network performs 

cued object recognition and delayed-match-to-sample on morphing shapes. It reproduces realistic 

tuning, larger V4 than V1 receptive fields, slow transients, and attentional modulation, and routes the 

attended stimulus by gain rather than gamma coherence. The hybrid biophysical–connectionist model 

thus offers a productive and interpretable framework for studying the neural basis of perception. 

 

Deep-Learning-Based Mapping of Pause Position in Rats: Associations with Choice 
Accuracy during Auditory Discrimination Acquisition 

Pau Bardi-Puigdefàbregas1,*, Adonai Gil1,*, Harshkumar Vasoya1, Duncan Pottinger1, Alex H. 
Taylor1,2,3,4 
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2  Institució Catalana de Recerca i Estudis Avançats, Passeig Lluís Companys 23, 08010 Barcelona, Spain 
3  School of Biological Sciences, University of Canterbury, Private Bag 4800, Christchurch 8140, New Zealand 
4  School of Psychology, The University of Auckland, Private Bag 92019, Auckland 1142, New Zealand 

* These authors contributed equally 

Choices and response times miss how decisions unfold. This study provides some of the first evidence 

on where pauses occur and whether their position predicts accuracy beyond counts in freely moving 

auditory choice tasks. We also compared initial and later trial windows to test whether pausing and 

its position–accuracy relationship changed with experience. We analysed 2,420 trials in four 95-week-

old male rats performing two-alternative auditory discriminations along an extended route to a 

touchscreen. A DeepLabCut-based pipeline reconstructed longitudinal position from overhead video 

during each trial’s final approach. Pauses were low-speed episodes lasting at least 0.20 s, and the 

detector achieved 89.9% balanced accuracy on held-out trials. Pause detection identified 338 events 

in 235 trials. Pause locations were unevenly distributed after accounting for time at each location 

(adjusted p < 0.001). When both windows were combined, there was no clear evidence that position 

predicted accuracy beyond pause count (adjusted p = 0.091). In exploratory analyses, early pauses 

were associated with lower accuracy (OR = 0.43, 95% CI [0.24, 0.76]). The predicted reduction of 

pause-containing trials with experience was not supported. Instead, exploratory analyses showed that 

with experience, pauses near the screen became more frequent. Furthermore, the position–accuracy 

link differed between windows (both adjusted p ≤ 0.023): position (or the closely coupled time since 

approach onset) added information later, while initial analyses were inconclusive. Exploratory 

estimates provided a possible explanation: accuracy improved in trials without early pauses but 

showed no clear improvement in trials with early pauses. These patterns generate several testable 
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hypotheses about how trajectory pauses should be interpreted: early and near-screen pauses may 

reflect different processes, and their relationships with accuracy may change with experience.  

Keywords: Automated behavioural tracking; DeepLabCut; markerless pose estimation; movement kinematics; perceptual 
decision-making; two-alternative forced-choice. 
 

 

Context-dependent inter-areal synchronization across mouse visual cortex 

Chockalingam Ramanathan1,2,3, David Eriksson4, Julia Veit1 
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3  Faculty of Biology, University of Freiburg, Freiburg, Germany 
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Most brain functions rely on constant interactions among specialized brain areas. In primates, 

synchronized oscillations in distinct frequency bands have been suggested to facilitate the routing of 

feedforward and feedback signals across hierarchically organized visual areas. However, the 

underlying mechanisms remain largely unknown. Previous studies in mice identified a context-

dependent low gamma rhythm (~20-35 Hz) depending on the activity of local somatostatin (SST) 

interneurons in V1. Our analysis of the open-source Allen Institute Neuropixels dataset revealed the 

presence of this low-gamma oscillation throughout the entire visual cortical hierarchy at varying 

strengths across cortical layers. To mechanistically understand the synchronization of this oscillation 

across visual cortical areas, we performed simultaneous multi-areal Neuropixels recordings combined 

with causal optogenetic perturbations in retinotopically-matched locations in V1 and LM of awake, 

head-fixed mice. The low frequency gamma rhythm exhibits distinct stimulus dependencies and a 

precise laminar synchronization profile in both V1 and LM. Interareal coherence reveals a structured 

pattern of synchronization across both the superficial and deeper layers of V1 and LM. Furthermore, 

coherence between V1 and LM declines systematically with cortical distance, revealing a spatially 

precise pattern of inter-areal synchrony. Pairwise phase consistency analysis shows laminar-specific 

spike-field coupling of LM neurons to the V1 rhythm and of V1 neurons to the LM rhythm. Optogenetic 

silencing of V1 led to a decline in low gamma activity in LM. Additionally, the inhibition of somatostatin 

interneurons in LM also reduced low gamma activity within LM, implying a combined contribution of 

feedforward entrainment and a local PING mechanism in the generation of this rhythm in LM. Looking 

further into the role of feedforward drive, reducing gamma power in V1 by suppressing local SST 

interneurons also led to a prominent decrease in gamma power in LM, despite firing rates being 

markedly increased in both V1 and LM, showing that just the increased feedforward drive without the 

specific synchronization pattern is not sufficient to synchronize the downstream LM population. Taken 

together, our study causally identifies mechanistic determinants of inter-areal synchronization 

 

 


