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Jasmine Yeo Layer-specific spatial coding in mouse primary visual cortex during virtual navigation 1 Wednesday, July 8
Ji Yeon Kim Subicular correlates of grid-like spatial chunking in human navigation 2 Tuesday, July 7
Minjae Jo Static and dynamic representations reflected in the brain support successful navigation 4 Tuesday, July 7
Patrick Govoni Visuospatial Navigation from the Bottom-Up 7 Wednesday, July 8
Mable Zhou Quality but not quantity of exploration predicts spatial learning and navigation in immersive virtual environments 8 Tuesday, July 7
Ikhwan Bin Khalid Limited parameter identifiability in phenomenological models of path integration, and a task geometry to recover it 9 Wednesday, July 8
Yue Chen Environment-General and Environment-Specific Schemas Jointly Constrain Predictive Computation During Action 10 Tuesday, July 7
Greta Melega Contextual modulation of spatial memory consolidation in right hippocampal patients 13 Wednesday, July 8
Jason Climer Intrinsic Representational Drift and the Challenge of Measuring It 14 Tuesday, July 7
Shangian Ma Behavioral and neural correlates of landmark utility in freely navigating mice 15 Wednesday, July 8
Michael Starrett Ambrose Switching to an allocentric spatial reference frame incurs distinct cognitive processing costs 16 Tuesday, July 7
Maria Alcobendas How generalized spatial knowledge shapes navigation across the lifespan 17 Wednesday, July 8
Nada El Mahmoudi Experience-dependent emergence of multi-scale spatial organization during foraging in freely moving marmosets 19 Wednesday, July 8
Jaida Long Environment Geometry Shapes Sequential Route Learning and its Integration into Cognitive Maps 20 Tuesday, July 7
Jacob Turcotte Spontaneous Navigation Strategies Is Associated with Differences in p-tau/ap42 Ratio and Predict Age-Related Cognitive Decline in a 6-12- 21 Wednesday, July 8

year longitudinal study
Andrew McAvan non-Euclidean Geometries in Spatial Navigation 22 Tuesday, July 7
Daniela Cossio Distinct white matter structural networks support navigation strategy in young and midlife adults 23 Wednesday, July 8
Vladislava Segen Grid-like coding in posterior medial entorhinal cortex is associated with episodic memory integrity in healthy aging 24 Tuesday, July 7
Javad Karimi Abadchi An intrinsic evolving hippocampal scaffold guides the encoding of novel spatial memories 25 Wednesday, July 8
Sergio Pecirno Environmental representations in mouse hippocampal CA1 reflect the predictive structure of navigation 26 Tuesday, July 7
Abhilasha Vishwanath Illusory path configurations reveal novel facets of age-related differences in navigation 27 Wednesday, July 8
Kasper Kjelsberg Sensory-Dependent Modulation of Hippocampal Interneurons by a Novel Cerebellar—Brainstem Circuit 28 Tuesday, July 7
Dylan Martins Encoding of eye and head position in visuoparietal cortex of freely moving mice 29 Wednesday, July 8
Sylvia Wirth Multi-area neural Representation of Visual and Spatial Cues During Navigation in Macaques 30 Tuesday, July 7
Maggie McCracken Modeling Cue Integration Mechanisms During Spatial Updating After Concussion 31 Wednesday, July 8
Laure Rondi-Reig A Memory Health Booklet: Individual Evaluation of Navigation Abilities across the Lifespan 32 Tuesday, July 7
Megan Kobel Instrumented path integration: probing vestibular contributions to spatial cognition 33 Wednesday, July 8
Antoine Huret Modulation of head direction cell activity by unilateral optogenetic stimulation of the dorsal tegmental nucleus in freely moving rats 34 Tuesday, July 7
Ehsan Aboutorabi Spatial Memory Decreases Exploratory Behavior During Navigation in Freely Moving Marmosets 35 Wednesday, July 8
Fabian Kessler Active shaping of spatial uncertainty through coordinated eye, head, and body movements during navigation 36 Tuesday, July 7
Runita Shirdhankar Mental maps from underground: Insights from mole-rat place cells 37 Wednesday, July 8
Sein Jeung Oscillatory Dynamics Underlying Embodied Navigation Strategies in MTL Lesioned and in Healthy Aging Populations 38 Tuesday, July 7
Ryan Place Directionally-tuned neurons in subiculum dynamically engage with the theta rhythm 39 Wednesday, July 8
Julia Brzac Recruitment of Retrosplenial Cortex During Mnemonic Processing on Cheeseboard Task. 40 Tuesday, July 7
Takanori Nanahara Thinking styles and look-around behavior: A task-dependent relationship. 41 Wednesday, July 8
Mitchell Munns Individual differences in human navigation ability: Representations, predictors, and strategies 42 Tuesday, July 7
Tikal Catena Embodied Exploration: Cortisol, Locomotion, and the Construction of Cognitive Maps 43 Wednesday, July 8
May Chan Projection-specific interdependence of egocentric boundary coding between retrosplenial and posterior parietal cortices 44 Tuesday, July 7
Yiting Feng Functional differences between medial and lateral posterior parietal cortex in egocentric boundary coding during navigation 45 Wednesday, July 8
Christian Kraus Goal direction neurons predict flight behavior in Monarch butterflies 46 Tuesday, July 7
Alina Tu Grid-cell-like entorhinal signals distinguish ambulatory path integration tasks that probe different strategies 47 Wednesday, July 8
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Zijian Zhang Primary vs. Secondary Learning: Robust Learning-Imagined (L-1) Effects with Selective Sensorimotor Alignment (A-1) 48 Tuesday, July 7
Michelle Ding Adaptation of ATN, SUB, and CA1 Neurons Following Maze-Environment Reorientation 49 Wednesday, July 8
Liron Ben-Ari Understanding Human Exploration Strategies through Bayesian Artificial Agents 50 Tuesday, July 7
Alana Muller The influence of acute exercise on flexible spatial navigation in older adults 51 Wednesday, July 8
Denise O'Meara The design of local boundary cues influences virtual path integration performance 52 Tuesday, July 7
Santiago Acosta-Mendoza Distance Representation in Mouse Visual Cortices 53 Wednesday, July 8
Alexis Topete Variations in large- and small-scale spatial abilities across the menstrual cycle 54 Tuesday, July 7
Maya Perrin Epileptic Activity and Spatial Navigation in Temporal Lobe Epilepsy 55 Wednesday, July 8
Misun Kim Can imagined landmarks improve path integration? 56 Tuesday, July 7
Matthieu Bernard Sequence and Place Interplay for space Coding in Epilepsy 57 Wednesday, July 8
Anna Wunderlich How people sample non-Euclidean spaces? — Sensory information conflict during navigation modulates blink-related brain activity 58 Tuesday, July 7
Max Andreas Bosse Hinrichs |Investigating the Role of Neural Replay in Multi-Agent Navigation 59 Wednesday, July 8
Joyce Bosmans Embodied Navigation: The Role of Multisensory Information on Spatial Learning 60 Tuesday, July 7
Mats Dombrowe Tau Pathology Disrupts Neural Navigation Codes in the Human Medial Temporal Lobe 61 Wednesday, July 8
Shaked Palgi Cognitive maps for the landscape of fear in the bat hippocampus during navigation outdoors 62 Tuesday, July 7
Jose Luis Alatorre Warren Hippocampal volume measured from early childhood to adolescence predicts virtual navigation up to 16 years later 63 Wednesday, July 8
Bharath Krishnan Dynamic coupling between visual landmark processing in area 29e and parahippocampal path integration circuits of the rodent cortex 64 Tuesday, July 7
Jiayu Chen Entorhinal grid-like signals drive symmetry selection in human spatial behavior 65 Wednesday, July 8
Pablo F. Garrido Emerging navigation behaviors in a VR city: unsupervised strategy detection in an adult twin cohort 67 Wednesday, July 8
Jisoo Jung Stability of spatial and non-spatial representations in granular retrosplenial cortex across learning, navigation, and goal updating 68 Tuesday, July 7
Stacy Doore Immersive Spatial Information and Community Perceptions of Virtual Floating Offshore Wind 69 Wednesday, July 8
Atri Ghosh Egocentric Navigation Induces Square Grids: An Account of Distortions in Grid Cells through Reference Frames 70 Tuesday, July 7
Iris Weichert Investigating Spatial View Cells in the Human Temporal Lobe 71 Wednesday, July 8
Khanh Nguyen Studying age-related differences in hierarchical spatial representations using virtual reality 72 Tuesday, July 7
Sung Ahn Flexible Integration of Other Individuals into the Human Cognitive Map 73 Wednesday, July 8
Mariachiara Esposito Hippocampal map-like knowledge transfer between spatial and abstract cognitive domains 74 Tuesday, July 7
Jean Laurens Parietal cortex activity during naturalistic behavior in freely moving Marmosets 75 Wednesday, July 8
Zaki Ajabi Continual learning of one's spatial orientation through causal inference 76 Tuesday, July 7
Varnan Chandreswaran Youhg e?dults at genetic risk for Alzheimer’s disease show superior performance on a latent navigation factor across multiple virtual 77 Wednesday, July 8

navigation tasks

Taylor Malone Aberrant medial entorhinal cortex dynamics link tau pathology to spatial memory impairment 78 Tuesday, July 7
Maxime Bleau Adaptive Neuroplasticity in Brain Navigation Networks Following Blindness 79 Wednesday, July 8
Christopher Hilton Using non-Euclidean spaces to probe the representation of spatial knowledge with mobile EEG 80 Tuesday, July 7
Daniel Carlstrom Schad Rapid schema formation through dendritic credit assignment in a hippocampal-prefrontal systems model 81 Wednesday, July 8
Zachary Lavoie Toure Spatial Navigation in Virtual Radial Mazes Correlate with Global Cognition in Patients with Mild Cognitive Impairment 82 Tuesday, July 7
Viktor Studenyak Place cells stacks mitigate false association recall and improve unique position coding across large environments 83 Wednesday, July 8
Volker Reisner Neural representations of movement speed during human path integration 84 Tuesday, July 7
Fei Wang Discontinuities of experience: a theory of subicular function and vector coding 85 Wednesday, July 8
Martin Stemmler A multi-ring shifter network computes head direction in zebrafish 86 Tuesday, July 7
Béatrice Trudel Childhood Spatial Navigation and Learning Efficiency as Predictors of Adolescent Behavioral and Emotional Outcomes 87 Wednesday, July 8
Yul Kang Predictive learning induces Bayesian cognitive maps in the hippocampus 89 Wednesday, July 8
Dun Mao Hierarchical chunking and abstraction of complex sequential events in the primate brain 90 Tuesday, July 7
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1: Layer-specific spatial coding in mouse primary visual cortex during virtual navigation

Author(s) and affiliation(s):
Jasmine Yeo(1) and Michael Goard(1,2)

! Department of Molecular, Cellular, and Developmental Biology, University of California Santa Barbara, Santa
Barbara, USA 93106

2 Department of Psychological and Brain Sciences, University of California Santa Barbara, Santa Barbara, USA
93106

Although primary visual cortex (V1) is traditionally viewed as a sensory area encoding visual features, there are
rich representations of local space encoded alongside retinal inputs. How spatial information is organized across
V1 laminar architecture — and how this organization evolves with experience — remain poorly understood.
Using two-photon calcium imaging in head-fixed mice navigating a virtual reality corridor, we simultaneously
recorded neuronal activity across all cortical layers in V1. The virtual environment contained four visually
identical landmarks leading to a reward at the end of the corridor, allowing us to dissociate spatial position from
visual input. The majority of V1 neurons exhibited robust spatial modulation, responding differentially to
identical visual stimuli dependent on their corridor position. Strikingly, deep layers (L5 and L6) showed stronger
spatial modulation than superficial layers even in the earliest recording sessions. Superficial layers (L2/3, L4)
showed greater experience-dependent plasticity, gradually increasing spatial modulation across sessions. The
earlier bias in deep V1 layers likely reflects top-down input from spatial areas such as retrosplenial cortex and
hippocampal formation, which we are now exploring with targeted circuit manipulations. Beyond overall spatial
modulation, landmark preferences in all layers shifted systematically across sessions, with population responses
redistributing from early corridor landmarks toward the reward-proximal location. These results suggest that
spatial coding in V1 reflects two complementary mechanisms: an innate, connectivity-driven bias in deep layers
and experience-dependent plasticity in superficial layers, revealing an active role for V1 in navigation.

Presenting author: Jasmine Yeo




2: Subicular correlates of grid-like spatial chunking in human navigation

Author(s) and affiliation(s):
Ji Yeon Kim1, Jung Han Shin1, Sang Ah Leel,2

1. Department of Brain and Cognitive Sciences, Seoul National University, Republic of Korea
2. Institute for Data Innovation in Science, Seoul National University, Republic of Korea

The brain achieves computational efficiency by chunking continuous information into higher-order units. Such a
mechanism may be particularly relevant in spatial navigation, where maintaining fully metric representations of
multiple locations simultaneously places heavy demands on memory. Yet, despite decades of research on
hippocampal spatial memory, direct evidence for spontaneous spatial chunking during navigation has been
lacking. We investigated the possibility of spatial chunking in a multi-target navigation task and examined its
neural correlates in the human hippocampus.

Participants sequentially collected eight targets in a square virtual environment and later recalled their locations.
Although the targets were randomly distributed across the room, most participants exhibited a grid-like pattern
of nodes in their behavioral responses. Environmental manipulations revealed that the layout of boundaries was
crucial for shaping this node structure. Importantly, memory accuracy was enhanced both for targets located
near boundaries and for those located on nodes, and the advantage of on-node over off-node targets was
greater for targets far from boundaries.

Brain activity measured in two independent groups using 3T and high-resolution 7T fMRI revealed that
responses at the nodes during recall engaged the anterior hippocampus (3T), particularly the subiculum subfield
(7T), with activation scaling with the individual tendency towards grid-like responses. This signal was dissociable
from overall navigation accuracy, which was instead associated with the posterior hippocampus (3T) and dentate
gyrus (7T). Together, these results implicate the human anterior subiculum in discretizing continuous space into
structured chunks, operating alongside precise metric memory systems supported by the posterior
hippocampus. Ongoing work varying the number of targets and retrieval flexibility raises broader questions
about what governs the extent of spatial chunking.

Presenting author: Ji Yeon Kim




4: Static and dynamic representations reflected in the brain support successful navigation

Author(s) and affiliation(s):

Minjae Jo1,2,3, Seok-Jun Hong1,2,3,4,5, Min-Suk Kang1,4,6

1 Center for Neuroscience Imaging Research, Institute for Basic Science

2 Department of Biomedical Engineering, Sungkyunkwan University

3 Department of Intelligent Precision Healthcare Convergence, Sungkyunkwan University
4 Department of Brain Sciences and Engineering, Sungkyunkwan University

5 Center for the Developing Brain, Child Mind Institute

6 Department of Psychology, Sungkyunkwan University

As an environment becomes familiar through repeated exploration, internal representations of the external
world emerge to support effective navigation. For example, we navigate so effortlessly from home to school, yet
we can sometimes plan a roundabout route. How is such spatial knowledge represented in the brain? We
conducted an fMRI experiment (N=28) where participants underwent repeated encoding and retrieval phases in
a 5x5 maze. During encoding, participants sequentially collected diamonds. During retrieval, inner walls were
rendered invisible, requiring participants to draw on memory. Behaviorally, participants learned across trials,
completing tasks faster with significantly fewer invisible wall collisions. Notably, navigation patterns at retrieval
closely resembled those at encoding as a motif of maximally visited location clusters showed significant spatial
overlap across participants. At the neural level, four representational models were hypothesized to explain the
behaviors: “location” (discrete locations), “Euclidean” (static distances), “behavioral motif” (visited clusters), and
“successor representation (SR)” (state transition expectations) models. Interestingly, the SR model exhibited the
strongest representational similarity to both the anterior and posterior hippocampus, and less but still
prominently to the retrosplenial cortex and frontal pole. The anterior hippocampus together with the frontal
pole also showed significantly aligned representation patterns with the location model. Together, these results
suggest that successful navigation relies on history-based long-range predictions commonly shared across
multiple brain regions, while distinct areas additionally represent specific spatial models.

Presenting author: Minjae Jo



7: Visuospatial Navigation from the Bottom-Up

Author(s) and affiliation(s):

Patrick Govoni*1 and Pawel Romanczuk”1,2,3

1: Institute for Theoretical Biology, Department of Biology, Humboldt Universitat zu Berlin, Berlin, Germany
2: Science of Intelligence, Research Cluster of Excellence, Berlin, Germany
3: Bernstein Center for Computational Neuroscience, Berlin, Germany

Navigation is often believed to rely on cognitive maps — internal representations of space, driven by predictive
or integrative means, that allow for planning and shortcuts. However, we show that simple feedforward
strategies, driven by immediate visual cues, are sufficient for flexible navigation in open fields. In a social context,
the potential solution space expands to include following others. We find that social skill and spatial density are
significant factors with respect to learned navigational dependence. For both individual and social experiments,
learned strategies parallel the range of behaviors observed across the biological spectrum. Our findings
challenge the assumption that cognitive maps or even distance calculation are necessary for navigation and
highlight the importance of taking a bottom-up approach in understanding how organisms behave.

Presenting author: Patrick Govoni



8: Quality but not quantity of exploration predicts spatial learning and navigation in immersive virtual
environments

Author(s) and affiliation(s):
Mable Zhou, University of California, Santa Barbara

Daisy Vargas, University of California, Irvine
Elizabeth, R. Chrastil, University of California, Irvine
Mary Hegarty, University of California, Santa Barbara

Previous research on how people learn the space through free exploration has been conducted predominantly in
desktop virtual environments, with findings suggesting that better quality of exploration predicts better
subsequent wayfinding performance (Puthusseryppady et al., 2025; Ward et al., 2025). The present study
examines whether spatial exploration patterns influence learning and wayfinding in an immersive virtual
environment. Two hundred and forty-nine participants wore a head-mounted display and freely explored a 6.5
by 7.5 meter maze environment containing 8 objects for 3 minutes. They then estimated directions between
landmarks and navigated between different pairs of objects, with all objects removed from the environment.
Exploration patterns were quantified across several measures, including the frequency of visits to objects,
hallways, and intersections, overall distance traveled, pauses, and path redundancy. Following principal
component analysis, we identified two main components of the exploration pattern. Quantity-related
exploration patterns, such as distance traveled, path redundancy, and frequency of revisiting hallways and
intersections did not predict wayfinding performance. In contrast, quality-related exploration patterns,
specifically, evenness of exploration across objects (i.e., low bias and visiting objects without strong preference
for some over others), predicted lower direction estimation error (indicating better spatial learning), as well as
more wayfinding success and more efficient wayfinding. These results extend previous findings from desktop
virtual environments to immersive environments, and demonstrate that the quality, rather than the quantity, of
exploration shapes how well people learn a space and subsequently navigate to goals efficiently.

Presenting author: Mable Zhou



9: Limited parameter identifiability in phenomenological models of path integration, and a task geometry to
recover it

Author(s) and affiliation(s):
Ikhwan Bin Khalid, Humboldt University of Berlin
Lukas Kunz, University Hospital Bonn

Richard Kempter, Humboldt University of Berlin

Phenomenological models — GLAMPI (Castegnaro et al., 2023) and leaky integrators (Stangl et al., 2020; Segen
et al., 2025) — decompose path integration into systematic-error parameters (encoding gains, a memory leak,
regression to the mean) plus noise, and are increasingly used to interpret behavioral deficits and propose error
sources as early-Alzheimer's markers. To date these parameters have been validated by predictive model
comparison (AIC/BIC/cross-validation), not by checking whether they can be recovered — yet reading a fitted
parameter as a property of the process presupposes identifiability: distinct values must produce distinguishable
behavior.

We assessed the practical identifiability of GLAMPI and a biased-execution variant (PI-E) by simulation-based
parameter recovery — scoring true-versus-recovered Pearson correlation, RMSE, and the fraction of fits railing at
bounds — across constrained model variants, on the Howett et al. (2019) triangle-completion dataset and a
richer-geometry triangle-completion dataset (N=67 healthy young adults; varied leg/angle configurations).
Identifiability was treated as a constraint alongside model fit.

On the Howett data the full models are not practically identifiable; recovering identifiability requires fixing
parameters to error-free values, costing information-criterion fit. The best-fitting identifiable model recovers
only the linear speed gain and the angular gain; in the full model even these trade off with unidentifiable
parameters. The richer-geometry dataset adds a third recoverable parameter, the distance regression slope; an
N-matched comparison attributes this gain to geometry, not sample size. The memory leak is not individually
recoverable in any tested variant on either dataset.

This individual-level non-identifiability is compatible with the group-level leak difference reported clinically
(Segen et al., 2025): hierarchical pooling can yield a credible group effect from unrecoverable individual
estimates. Per-subject leak values, however, should not be read as individual markers until a design that recovers
them is validated. We close by proposing — and validating in simulation — a triangle-completion trial geometry
that renders the leak individually identifiable.

Presenting author: Ikhwan Bin Khalid




10: Environment-General and Environment-Specific Schemas Jointly Constrain Predictive Computation During
Action

Author(s) and affiliation(s):
Yue Chen, University of Alberta

Weimin Mou, University of Alberta

Effective behavior requires predicting the consequences of action. Schemas organize prior knowledge into
structured representations. However, it remains unclear how different schema levels contribute to prediction
within a single action episode. Using path integration as a testbed, we examined predictive control based on
both environment-general schemas, which encode lawful mappings between movement and self-motion signals,
and environment-specific schemas, which encode the relational structure of particular environments. Across six
experiments, we systematically manipulated multiple dimensions of similarity between landmark learning and
subsequent homing, including floor texture, physical space, geometric structure, medium (real vs. virtual), and
surface properties. A generic-only account holds that position and heading are determined solely by integrating
self-motion signals; predicted spatial views from a remembered environment cannot influence self-localization in
the absence of sensory feedback. In contrast, an interactive account proposes that a remembered environment
providing a structured reference framework can generate predictive spatial transformations that stabilize
self-localization across structurally similar contexts. Landmark facilitation generalized across changes in sensory
and contextual features when structural and action-relevant properties were preserved. These findings
demonstrate that environment-specific structural representations can actively constrain predictive computation
during ongoing action, revealing that predictive computation during action is jointly constrained by multiple
levels of structured knowledge.

Presenting author: Yue Chen




13: Contextual modulation of spatial memory consolidation in right hippocampal patients

Author(s) and affiliation(s):

Greta Melega, Maria Alcobendas, Sein Jeung, Carsten Finke and Christoph Ploner

Successful spatial navigation depends on the interaction of several cognitive processes, including perception,
memory, decision-making, and attention to environmental features and landmarks. The hippocampus
contributes to the binding of these environmental features, or contextual information, that supports spatial
memory formation and the ability to effectively navigate through the space.

In this project, we investigated spatial memory and navigation behaviour in patients with right hippocampal
lesions using an immersive virtual reality (VR) environment that allowed free movement while
electroencephalography (EEG) was recorded. Over two consecutive days, participants learned and recalled
object—location associations that varied depending on context, operationalized as day or night within the same
spatial environment, to examine whether they can maintain distinct representations of overlapping contexts.
Patients with right hippocampal lesions showed reduced accuracy and less precision in memory-guided
navigation compared to healthy controls. Additionally, they were more likely to make swap errors and to merge
the different contexts on the second day. Preliminary analyses of the simultaneously recorded EEG suggest
contextual and navigational-related neural dynamics during retrieval, particularly in the theta band and
particularly in the patient’s cohort.

These findings highlight the contribution of the hippocampus to context-dependent spatial memory and
demonstrate the value of combining immersive VR navigation paradigms with EEG to investigate the neural
mechanisms supporting memory-guided navigation.

Presenting author: Greta Melega




14: Intrinsic Representational Drift and the Challenge of Measuring It

Author(s) and affiliation(s):

Jason Climer (University of lllinois Urbana-Champaign)
Heydar Davoudi (Northwestern University)

Jun Young (Daniel) Oh (Northwestern University)

Dean Pospisil (University of lllinois Urbana-Champaign)
Rainer Engelken (University of Illinois Urbana-Champaign)
Daniel Dombeck (Northwestern University)

The hippocampal cognitive map, once thought to be as stable as the spatial memories it supports, changes over
days. Hippocampal place cells come in and out of the representation and change their tuning. There are several
possible explanations for this “representational drift”: it could be a reflection of biological noise or subtle
variations in behavior and the sensory environment that are difficult to control experimentally. Alternatively, it
could be supporting cognitive functions such as continual learning or active forgetting. Here, we used the
experimental control offered by a multisensory virtual reality system to demonstrate that drift is intrinsic: it does
not depend on subtle changes in behavior or the animal’s sensory experience across days. Moreover, not all cells
drifted with the same propensity - more excitable neurons were more stable. During this work, we faced an
important question: how is representational drift best measured? The systems neuroscience community has
developed over twenty different quantitative approaches to this problem, which makes comparisons across
studies, brain regions, and species unreliable. We are systematically evaluating these metrics using analytical and
synthetic data-based approaches to define what these diverse metrics actually measure, their sensitivities, and
their biases. Taken together, we hope to provide the field with the methods to thoroughly understand
representational drift in any domain and to compare observed drift to biophysical and normative models. We
invite interested researchers to participate in the development of this study.

Presenting author: Jason Climer



15: Behavioral and neural correlates of landmark utility in freely navigating mice

Author(s) and affiliation(s):
Shangian Ma[1][2], Jisoo Jung[1][2], Natasha Krasilshchikova[1][2], Tobias Rose[1]

[1] International Max Planck Research School (IMPRS) for Brain & Behavior
[2] Institute for Experimental Epileptology and Cognition Research (IEECR), University Hospital Bonn

Landmarks support navigation, yet in natural scenes, only some visual features become useful landmarks,
depending on their navigational affordances. How the brain evaluates and selects landmarks from arbitrary
visual features remains unclear. Here, we combine closed-loop behavior, 3D gaze reconstruction, and miniature
two-photon calcium imaging to address this question in dysgranular retrosplenial cortex (RSCd), a candidate hub
integrating visual and spatial information.

We developed an automated spatial memory paradigm for freely moving mice in an eight-port circular arena,
where wall-mounted LED stripes serve as configurable landmarks indicating a nearby single rewarded port. We
operationalize landmark utility by two experimentally tractable dimensions: goal relevance and availability. We
manipulated landmark relevance by adding or omitting a transient visual cue at the rewarded port that provided
direct local guidance. We found that, when omitting the explicit cue, the initial headings of goal-approaching
trajectories were biased towards the landmark, with the heading angle distribution shifting 8% in its direction.
This indicates a change in visual orienting strategy as a function of landmark utility. We manipulated landmark
availability by interleaving landmark visible/invisible epochs with a ~50% duty cycle. Across three mice, this
manipulation caused a marked drop in port choice accuracy, from 0.87 to 0.65, indicating that landmark
availability shapes its effective utility for guiding navigation.

To link landmark utility to neural activity and active visual sampling, we initiated miniature two-photon calcium
imaging in RSCd and implemented head-mounted eye tracking with 3D motion capture to reconstruct gaze in
world coordinates. Together, this paradigm provides a quantitative behavioral readout of landmark utility and a
framework to investigate how RSCd encodes utility in relation to gaze—landmark interactions during
goal-directed navigation.

Presenting author: Shangian Ma




16: Switching to an allocentric spatial reference frame incurs distinct cognitive processing costs

Author(s) and affiliation(s):

Starrett, Michael J.; University of California, Irvine
Stark, Craig E. L.; University of California, Irvine
Chrastil, Elizabeth R., University of California, Irvine

Long-standing models of spatial processing posit that retrosplenial cortex (RSC) is crucial for spatial
transformations across viewpoint-dependent (egocentric) and observer-independent (allocentric) frames. In such
models, changes to the relative utility of the egocentric or allocentric frame should result in either lower
precision to maintain response speed or slower responding to maintain precision, but this prediction has not
been directly tested. Inspired by previous work on task switching, we developed a novel spatial memory
stay-switch paradigm where participants recalled information about spatial relationships from both egocentric
and allocentric reference frame. Participants learned the layout of stores in a virtual neighborhood. Participants
were told their memory would be tested by completing randomized trials from two spatial memory tasks. On
egocentric trials, participants viewed a single store in a virtual desert and had to turn to face a second invisible
target store. On allocentric trials, participants saw an aerial view of the circular desert with a comparable
heading and rotated a pointer to face the target. Critically, we systematically manipulated how often frames
were repeated or switched. Data from 24 healthy young adults were analyzed to compare cognitive costs
associated with reference frame switching. The primary dependent measures were memory precision (absolute
angular error) and response time (from trial onset to response submission). While memory precision did not
differ across frame or switching, response time results suggest that participants incurred a significant processing
time cost only when switching from egocentric to allocentric frames relative to other conditions. These results
provide direct support for translator models of reference frame switching. Ongoing neuroimaging work is being
conducted to further test whether RSC or other posteromedial regions indeed support reference frame
switching.

Presenting author: Michael Starrett Ambrose




17: How generalized spatial knowledge shapes navigation across the lifespan

Author(s) and affiliation(s):
Maria Alcobendas 1, 2, 3, Greta Melega 1, Iryna Schommartz 4, Carsten Finke 1, 2, Yee Lee Shing 4, and Christoph

J. Ploner 1

1 Department of Neurology, Charité-Universitatsmedizin Berlin, Germany

2 Berlin School of Mind and Brain, Humboldt-Universitat zu Berlin, Berlin, Germany
3 Einstein Center of Neuroscience, Berlin, Germany

4 Department of Psychology, Goethe University Frankfurt, Frankfurt, Germany

Schemas are abstract knowledge structures formed by generalizing across experiences that guide how new
information is encoded and consolidated. In this study, we examined whether participants develop a spatial
schema and how it shapes their navigation across different ages. To this end, participants completed a virtual
reality navigation task over three sessions, each separated by one-week intervals. The maze geometry was
preserved across all sessions while the visual details of the virtual environments changed. The task was
performed by younger children (58 years), older children (9—12 years), younger adults (18—30 years), and older
adults (>65 years).

Our results show that about half of younger adults accurately identified the maze geometry. These participants
navigated more efficiently across sessions and showed improved memory accuracy for schema-consistent
locations, suggesting that generalized spatial information guided their navigation and facilitated performance in
later sessions. Older adults also identified the maze geometry, but to a lesser extent. Those who did navigated
more efficiently in subsequent trials, but this knowledge interfered with learning schema-inconsistent locations,
suggesting a trade-off between relying on prior knowledge and learning novel spatial information. A similar
proportion of older children identified the maze layout, but they did not seem to use this knowledge to guide
their navigation, nor did it facilitate memory performance. Finally, younger children were unable to identify the
geometry but still completed the task and navigated the maze effectively.

Overall, these findings reveal age-related differences in the ability to identify maze geometry and show that
generalized spatial knowledge shapes navigation and memory differently across the lifespan.

Presenting author: Maria Alcobendas



19: Experience-dependent emergence of multi-scale spatial organization during foraging in freely moving
marmosets

Author(s) and affiliation(s):

Nada El Mahmoudil-2, Francesca Lanzarinil, Farzad Ziaie Nezhad1, Deepak Surendranl, Jean Laurensl
1- Ernst Striingmann Institute (ESI) of the Max Planck Society, Frankfurt am Main, Germany

2- McGill University - The Neuro, Montreal, Canada

How spatial organization emerges through experience in freely moving non-human primates remains
incompletely understood. We addressed this question in two common marmosets foraging in a semi-naturalistic
depletion-based environment with a fixed spatial layout. With experience, animals increasingly directed choices
toward yet-unvisited locations, largely accounted for by the consolidation of a stable transition scaffold,
alongside sensitivity to the current depletion state within each foraging episode. This scaffold organized
navigation at multiple scales: local transitions became increasingly reliable; complete visitation sequences
remained variable, reflecting flexible recombination of local transitions; and the current location predicted visits
over multiple subsequent steps, revealing a state-dependent multi-step predictive organization that became
increasingly consistent with experience. Together, these findings show that multi-scale spatial organization
emerges with repeated foraging experience in freely moving marmosets, and provide a longitudinal,
semi-naturalistic framework for relating ecological foraging behavior to theoretical and computational accounts
of spatial cognition.

Presenting author: Nada El Mahmoudi




20: Environment Geometry Shapes Sequential Route Learning and its Integration into Cognitive Maps

Author(s) and affiliation(s):

Jaida Long (Georgia Institute of Technology), Estibaliz Herrera (Georgia Institute of Technology), Yiran Li
(University of Waterloo), Tanvi Vedula (Georgia Institute of Technology), Thackery Brown (Georgia Institute of
Technology)

Research has tested whether environment geometry modulates spatial memory (e.g., square environments vs.
non-parallel geometry like trapezoids). Such local geometric cues can distort neural metrics that putatively
underlie cognitive maps, impairing single-object spatial memory in trapezoid environments compared to
squares. Alternatively, the distinctiveness of non-parallel geometry may provide self-orientation cues that could
instead improve spatial memory compared to more parallel environments. Additionally, real-world spatial
memory is usually learned in series while navigating routes. Our study tested how these factors and individual
differences interact to modulate spatial memory. Human participants completed a first-person virtual navigation
task where they learned routes of six object locations in two square and two trapezoid open-field environments.
Then, Euclidean memory of object locations and sequences was assessed from first-person navigation and
overhead map tests. Importantly, in the overhead test, the impacts of non-parallel geometry (trapezoid) on
memory reflected better memory than the square, driven by the wide end of the trapezoid. Overall, first-person
encoding of spatial information in polarized environments may facilitate allocentric memory. However, our
analysis of both the first-person and overhead tests also revealed serial order and environment geometry
interactions, such that - aligning with grid cell and path integration research - the worst spatial memory was in
the narrow ends of trapezoids and toward the end of the routes. Importantly, individual differences influenced
our results: sense of direction was positively associated with performance in both shapes. Altogether, we
contribute novel information to spatial navigation literature. Neural data collection is ongoing and will be crucial
to our investigation of how environment geometry, route-based navigation, and individual differences interact to
modulate and predict spatial memory.
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Cerebrospinal fluid (CSF) biomarkers, such as a high p-tau/ap42 ratio, is a predictor of cognitive decline.
Cognitive decline is also associated with a reduction in hippocampus (HPC) grey matter but has less of an impact
on the caudate nuclei (CN). In navigation, the HPC supports allocentric spatial memory strategies and the CN
supports stimulus-response strategies. Given this dynamic, we investigated whether the spontaneous navigation
strategy (spatial/response) could be an early cognitive marker of HPC vulnerability and cognitive decline.
Participants(N=93; 260 y/o) were tested twice, 6-12 years apart, in two laboratories. They completed two virtual
navigation tasks modelled after rodent studies, the 4-on-8 virtual maze and the Concurrent Spatial
Discrimination Learning Task (CSDLT) involving learning positions of objects in a radial-maze, followed by a probe
trial. They also completed a neuropsychological battery including the MoCA, RAVLT, ROCF and RBANS, structural
MRIs and a lumbar puncture to measure CSF levels of biomarkers p-tau and a342.

In both cohorts, response strategy users had episodic memory decline (RAVTL; p<0.05), that correlated with HPC
grey matter loss (p<0.05). They also had a higher p-tau/af342 ratio, and no CN grey matter loss. Spatial learners
had a lower p-tau/af342 ratio and showed the inverse pattern: no episodic memory decline, no HPC grey matter
loss, and significant CN grey matter loss (p<0.01). Baseline p-tau/af342 ratio was not associated with later
episodic memory performance.

Navigational strategies dissociated older adults who later declined cognitively, the response learners, who had
higher baseline p-tau/ap42 ratio, from older adults who used spatial strategies and maintained a healthy
cognition 6-10 years after their initial assessment, even when controlling for CSF biomarkers levels. Assessment
of navigation strategies may be an accessible, non-invasive, cost-efficient tool to predict cognitive decline in

aging.
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While non-Euclidean geometries are ubiquitous across popular media spanning decades, spatial navigation
research using non-Euclidean manipulations has just recently started to gain traction in literature. Here, our aim
is to differentiate Euclidean and non-Euclidean terminology, categorize and contextualize non-Euclidean spatial
manipulations within the spatial learning and navigation literature, and to assess to what degree people can
learn and remember non-Euclidean spaces. Across various non-Euclidean manipulations (e.g., higher
dimensions, different geometries, wormholes, overlaps, etc.), there is an enduring trend for people to represent
non-Euclidean information in a Euclidean manner; people tend to embed local information in a way that
preserves Euclidean relations (i.e., a cognitive map) while representing global information in a less precise
non-Euclidean manner (i.e., a cognitive graph). Subsequently, initial findings from our lab provide further
support for this trend of preserving local map constancy at the detriment of global metric relations. In a
follow-up study that tested participants in a fully immersive VR environment containing a substantial central
overlap (50%), all participants (N=10) represented the space in ways similar to previous participants (who
experienced a smaller overlap). While they took more time to familiarize themselves with the environment
(which may be due to the increased size), their performances in recalling locations, pointing to locations, and
drawing maps of the environment were similar to previous findings. New participants were just as good as prior
participants when asked to recall target locations within the virtual environment and they were just as bad as
prior participants in their map drawings and pointing responses. Like prior participants, new participants
recreated maps and pointed in ways more closely aligned with an equally bisected Euclidean layout they did not
experience.
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Growing evidence suggests that individual differences in navigation strategy, including whether a person follows
known routes (response-based strategy) or takes novel routes (place-based strategy), are influenced by factors
such as brain structure, age, and sex. The current study aimed to shed light on how these factors impact strategy
preference in young and midlife adults. Young (N=25, ages 18-35) and midlife adults (N=74, ages 45-55)
completed diffusion MRI and behavioral testing on the dual-solution paradigm (DSP) to assess navigational
strategy. Young adults had a greater use of place-based strategy compared to midlife adults, which was
associated with greater white matter integrity in the fornix — a primary hippocampal output. Midlife adults
showed a bias for using a response-based strategy, and this preference was tied to greater white matter
structural integrity within tracts involved in motor and sensory pathways. In an exploratory analysis, we found
that greater white matter integrity in limbic and motor tracts was associated with greater place-based strategy
use in pre-menopausal women, but associated with greater response-based strategy use in
peri/post-menopausal women. In addition, we found that lower levels of estradiol-due to a higher endocrine
age— were associated with a greater response-based strategy use in midlife women. Broadly, our findings reveal
that distinct white matter microstructural networks support navigation strategy use in young and midlife adults,
with young relying on hippocampal circuits and midlife on motor circuits. Furthermore, we find that changes in
neuroendocrine hormones stemming from the menopausal transition influence navigational strategy and the
relationship between brain structure and strategy in midlife women. These results provide insights into the
interplay of healthy chronological aging, neuroendocrine aging, and brain structure on navigation strategy
preference.
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Episodic memory declines with age, yet the neural mechanisms underlying this decline are not completely
understood. Grid cells in the entorhinal cortex, which support spatial navigation, have been proposed to
contribute to episodic memory. However, direct evidence linking grid-like representations in humans to episodic
memory in aging is limited.

Here, we examined if the integrity of episodic memory is associated with grid-like coding in healthy older adults.
Episodic memory integrity was quantified using Memory Age Gap (MAG). Using fMRI during a spatial navigation
task, we assessed hexadirectional BOLD modulation—a signature of grid-like coding—in the posterior medial
entorhinal cortex (pmEC). We found that MAG was strongly predicted by six-fold BOLD modulation in pmEC.
Importantly, MAG was not related to structural properties of pmEC, including volume, gray-matter
microstructural integrity, or intracortical myelination.

To understand the functional mechanisms underlying reduced six-fold modulation, we examined the temporal
stability of grid-like representations. Reduced temporal stability — correlation of grid orientation estimates
between run 1 and run 2 in 60° space—predicted weaker six-fold modulation in pmEC. Further, instability of
orientation coding (in 360° space) within pmEC predicted both reduced grid-like modulation and reduced
temporal stability.

Finally, we tested if upstream regions contribute to this instability. Orientation coding stability in the retrosplenial
cortex predicted the temporal stability of pmEC grid representations. Together, these findings suggest that
instability of orientation signals may propagate from retrosplenial cortex to pmEC, disrupting grid-like coding and
ultimately relating to reduced episodic memory integrity in aging.

These results provide evidence that functional stability of grid-like representations, rather than structural
degeneration, links entorhinal computations to episodic memory variability in healthy aging.
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Computational models propose that the hippocampus maintains an adaptive generative model of the world. This
model evolves as preconfigured neural structures and sensory inputs interact, and the updated model
subsequently guides new learning. Importantly, hippocampal offline activity is believed to be crucial for
maintaining and updating this internal model. A key prediction of this account is that the day-to-day evolution of
offline and online neural activity should be coordinated as an animal learns. To test this, we used longitudinal
miniscope calcium imaging and LFP recordings to track large neural populations in the dorsal hippocampal CA1
of mice for weeks before and during the encoding of a novel environment. We found that offline hippocampal
activity patterns evolve daily in a structured manner. Critically, the neural code during the initial encounter with
the novel environment was significantly more similar to offline patterns from the immediately preceding
homecage session than to those from days prior. Moreover, hippocampal offline activity appeared to seed and
guide the formation of spatial representations of the novel environment. This work sheds light on how the
interaction between existing activity patterns and new sensory information facilitates learning
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Predictive theories of cognitive mapping propose that these representations encode the predictive relationships
among contents as experienced by the navigator. One hallmark of these theories is that representational
structure in complex environments can be predicted from the behavioral history of the navigator. Here, we image
neural activity in hippocampal CA1 as initially naive mice repeatedly navigate a multicompartment environment
to test whether representational structure in this subregion is consistent with these predictions. We find that
different mice instantiate different patterns of remapping across identically shaped compartments. Within
mouse, compartments with more similar predictive navigational histories on a particular spatiotemporal scale
are represented more similarly, accounting for these individual differences. Manipulating navigational options
induces reorganization of the CA1 structure which specifically resembles the new predictive navigational
structure on this timescale. Through computational modeling we show that a combination of predictive
encoding and geometrically structured inputs can uniquely account for this pattern of results. Together, these
results demonstrate that the predictive structure of navigation is one important determinant of CA1
representations in complex environments, consistent with predictive theories of cognitive mapping.

Presenting author: Sergio Pecirno




27: lllusory path configurations reveal novel facets of age-related differences in navigation

Author(s) and affiliation(s):
Abhilasha Vishwanath1,2, Melanie K. Gin1l, Matthew F. Watson1, Yu K. Du3, Robert C. Wilson4, Arne D.

Ekstrom1,2

1.Department of Psychology, The University of Arizona, Tucson, Arizona, USA;

2.McKnight Brain Institute, The University of Arizona, Tucson, Arizona, USA

3.Department of Psychology, University of Western Ontario, London, Canada;

4.School of Psychology, Georgia Institute of Technology, Atlanta, Georgia, USA;

Older adults typically show worse navigation performance than young adults in novel environments, often
interpreted to indicate a deficit in the cognitive map. Yet, recent studies from our lab and some past literature
suggest that these so-called age-related “deficits” in navigation may instead stem from differences in multimodal
cue integration and/or strategy use. Here, we tested 29 older (mean age 71.3 years) and 28 young adults (mean
age 22.5 years) on simple paths involving illusory intersections, in which visual and self-motion cues were
incongruent in an illusory/false intersection condition. After walking each path, participants pointed back to the
start location, and on every fourth trial, drew a map of the path they just walked. Participants’ angular pointing
error was worse in the false intersection condition compared to the true intersection (control) condition in both
age groups, with a subset of participants showing evidence for a “cross illusion” pointing as predicted for the
false intersection paths. There was no effect of age in susceptibility to the illusory path or in the accuracy of map
drawings. Older adults, however, showed a pattern of reduced pointing variability in the illusory condition and
increased variability in the true intersection condition. These finding supports the idea that older adults may
adopt different strategies from young adults in some navigation situation, resorting to more rigid egocentric
pointing patterns when the sensory cues are incongruent. As older adults did not show worse performance in
map drawing or pointing error, our findings argue against the idea that they have a deficit in the cognitive map.
Instead, we attribute this pattern to averaging multi-model cues during uncertainty and a suboptimal weighting
of sensory cues in stable contexts.
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Spatial navigation relies on internal computations of direction and distance based on self-motion cues, which are
continuously updated to stay in register with external environmental cues. However, the neural circuitry
underlying the integration of self-motion signals into the brain’s navigation system remains poorly understood.
Building on our previous work showing cerebellar influence on hippocampal place cells and subcortical
head-direction cells, we investigated the intermediary circuitry linking these regions during self-motion—based
navigation.

We identified a pathway connecting the fastigial nucleus (FN) of the cerebellum to the hippocampus via the
nucleus incertus (NI) in the brainstem. To assess the function of this pathway, we performed optogenetic
inhibition of FN axonal projections within the NI while recording neuronal activity in both the NI and
hippocampus in freely foraging mice.

We first confirmed that inhibiting FN projections within the brainstem effectively suppressed neuronal activity in
the NI, independent of behavioral state or sensory conditions. Importantly, this manipulation induced rhythmic
modulation of activity in a subclass of hippocampal interneurons, predominantly when animals were deprived of
external sensory cues . These responses were rhythmic and matched the inhibitory stimulation frequency (3—20
Hz), consistent with engagement of a multisynaptic circuit rather than slower behavioral processes. In addition,
this modulation persisted in the absence of animal-derived olfactory cues, ruling out the involvement of hidden
sensory cues.

Together, these findings identify a cerebellar—brainstem—hippocampal pathway and suggest that FN projections
to the NI modulate hippocampal interneuron activity based on self-motion signals . Ongoing work is examining

the role of this pathway in spatial learning and memory.
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To perceive and interact with a complex and changing environment, animals use visual inputs to build an internal
model of their local space. Early visual regions represent object locations in a retinotopic reference frame,
preserving the relative topography of retinal photoreceptors. Significant cortical processing is required to
transform these retinocentric representations into the egocentric reference frame found in association cortex, in
which object locations are mapped relative to the animal’s head or body. In order to perform this computation,
idiothetic information about eye and head position need to be encoded by neurons in visuoparietal cortex.
However, it is not known how visuoparietal cortical neurons encode ideothetic variables, or where the idiothetic
signals originate from. To address this, we recorded cortical neural activity in freely moving mice using
miniaturized head-mounted two-photon microscopy. Alongside neural recordings, we recorded eye position and
movement using a miniature head-mounted camera and head position and movement using an inertial
measurement unit. We find abundant tuning to eye/head position and movement. Using a simple feed-forward
nonlinear encoder, we demonstrate a remarkable ability to predict single-neuron activity from idiothetic inputs
in the absence of any knowledge of visual input. We then recorded axonal inputs to cortex from the dorsal lateral
geniculate nucleus (dLGN) and the lateral posterior nucleus of the thalamus (LP, the rodent homolog of primate
pulvinar). We found abundant idiothetic tuning in the axonal projections from LP, and far less in the projections
from dLGN. Next, we will chemogenetically silence cortically-projecting LP neurons to determine if the LP inputs
are critical for retinocentric to egocentric transformation in visuoparietal cortex. These experiments aim to reveal
the biological implementations underlying a critical reference frame transformation in mammalian neocortical
circuits.
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Humans and other primates primarily depend on vision when navigating, using visual landmarks to orient and
guide movement through spaces. In this project, we tested how three key brain regions for navigation, the
hippocampus (HPC), retrosplenial cortex (RSC) and posterior cingulate cortex (PCC) encode spatial variables
during a virtual navigation task. To this end, two rhesus macaques were trained to navigate a rectangular virtual
arena surrounded by three visual landmarks, in order to retrieve a hidden reward at a fixed location. To test
wether animal primarily used the landmarks or the geometry of the arena for navigation, these landmarks were
temporarily occluded in 25% of the trials, forcing the animal to develop another strategy than landmark-based
guidance. Behavioral analysis showed that visual exploration changed as a function of the trial type, favoring
rather landmark or floor inspection. Neuronal activity was analyzed as a function of gaze position, allocentric
head direction, and distance to reward locations. Preliminary results show that neurons in all three recorded
areas encode multiple navigation-related variables, including gaze direction, head direction, spatial position, and
reward-related signals. The distribution of these encoded variables differs across regions: HPC and RSC neurons
frequently encode gaze and reward-related variables, whereas PCC neurons show a stronger representation of
gaze-related signals. In addition, a substantial fraction of neurons exhibit high-level conjunctive coding,
simultaneously encoding multiple task-relevant variables. These results suggest that HPC, RSC, and PCC
contribute differently but complementarily to spatial navigation, integrating visual, spatial, and goal-related
information to guide behavior in complex and dynamic environments.
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Concussions are associated with impairments in cue integration during static balance, yet it remains unclear how
these impairments translate into more dynamic and spatial processes, such as navigation. The present study
examines how concussion affects cue integration during spatial updating using a virtual homing paradigm.
Participants with concussion (3-12 weeks post-injury) and healthy controls completed a homing task in
immersive virtual reality. In each trial, participants walked to a home location and two subsequent locations,
then attempted to walk directly back to the original home position. The return to the home location was
completed under several cue conditions, including single-cue (removal of landmarks or disorientation of
body-based cues) and both-cue conditions (no manipulation or covert landmark shifts to assess relative cue
weighting). Homing error and response variability were measured across conditions. Two types of Bayesian
computational modeling were used to assess how cue integration mechanisms differ between concussion and
control groups. Causal inference modeling evaluated whether participants integrated landmark and body-based
cues or treated them as originating from separate causes under cue conflict, allowing estimation of inferred
common-cause probabilities. Optimal cue combination models further examined whether cue weights, or
perceptual importance, corresponded to the relative reliability of visual and body-based information. Preliminary
results suggest that integration mechanisms during spatial updating differ in navigators with concussion
compared to healthy controls. Understanding how navigational behavior changes due to the underlying
mechanisms may explain why navigation difficulties are commonly reported after concussion. These results may
inform rehabilitation and additional support for spatial orientation after injury.
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Spatial navigation involves multiple components, including motor control, learning and memory acquisition,
short-term recall, sensory processing (e.g., the use of environmental landmarks), spatial representation, and
executive processes such as cognitive flexibility and decision-making. Assessing individual spatial navigation
abilities requires reference levels within the general population. Here we describe a tool based on an online
video game coupled with a database of participants from the general population aged 6 to over 80 years. This
tool was designed to assess cognitive health through spatial orientation abilities and to characterize cognitive
profiles at both the group and individual levels. At the population level, our results show an age-related
evolution of spatial abilities consistent with the literature. At the individual level, we were able to detect
disorientation in a patient with early-onset Alzheimer’s disease. This tool is open-source and collaborative, and is
made available to the entire scientific community. It can also be made accessible to the general public, as well as
to medical and paramedical professionals.

weblink: https://beta.cezamelab.fr/en
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Vestibular function contributes to multiple aspects of spatial cognition, yet its contributions may be task
dependent. Many spatial assessments are performed while stationary, potentially underrepresenting vestibular
contributions engaged during self-motion. Further, even when navigation is assessed during self-motion,
outcomes often rely on coarse behavioral scores that may obscure vestibular-related differences. This study
examined whether vestibular integrity is more strongly reflected in self-motion-dependent navigation than in
stationary spatial measures, and whether instrumentation reveals additional insight beyond behavioral scores.
Healthy adults (n=52, 18-80 years) completed: 1) vestibular assessments: video head impulse test (vHIT), ocular
and cervical vestibular-evoked myogenic potentials (0VEMPs, cVEMPs), 2) stationary spatial measures: working
memory, mental rotation, and map navigation, and 3) instrumented path integration tasks: Triangle Completion
Test (TCT) and a linear path-integration derived from the Gait Disorientation Test (GDT). Mixed-effects models
were fit for each outcome and included age, sex, and vestibular status. Overall, vestibular status was
differentially reflected across spatial domains. Stationary measures showed selective associations as working
memory and rotation errors were related to absent VEMPs, while stationary navigation was not. In contrast,
consistent vestibular associations were seen across TCT and GDT outcomes. For behavioral scores, in those with
absent VEMPs, angular and endpoint error were larger on the TCT, and time-based performance was worse on
the GDT. Instrumented analyses additionally captured spatiotemporal gait changes, including decreased gait
velocity and shorter stride length, as well as altered trunk kinematics during gait and turning. These findings
suggest that self-motion navigation is sensitive to vestibular contributions, with instrumentation providing added
resolution beyond standard outcomes.
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Head direction cells (HDCs) are neurons that fire when an animal’s head is oriented in a specific direction, with
each neuron having its own preferred directional activation. Alongside other cell types, such as place cells and
grid cells, HDCs represent a key neural substrate of the cognitive map, which is essential for navigation and
spatial memory.

While HDC activity depends on peripheral vestibular signals related to head rotation, the mechanisms by which
these signals are transformed into a stable and gravity-anchored directional representation remain poorly
understood. To investigate the role of central vestibular signal integration, we targeted the dorsal tegmental
nucleus (DTN), an inhibitory brainstem structure considered as a key relay for vestibular signals to the
anterodorsal thalamic nucleus (ADN), which contains HDCs.

In this study, we investigated the effects of unilateral optogenetic stimulation of the DTN on HDC activity in the
ADN of rats freely exploring a circular arena under both light and dark conditions. Following the injection of an
adeno-associated virus (AAV) expressing channelrhodopsin-2 into the DTN and the implantation of tetrodes in
the ADN, neuronal activity was recorded using two distinct stimulation paradigms. The first, an open-loop
protocol, alternated 300 ms ON and 700 ms OFF phases to evaluate population-level effects. The second, a
closed-loop protocol, triggered stimulation when a target HDC was active, enabling single-neuron resolution
analysis.

Preliminary findings indicate that unilateral DTN stimulation can reduce HDC firing rates without compromising
their directional selectivity, at least under light conditions. Further analysis of HDC recordings in dark conditions
and under 30 Hz optogenetic stimulation will help better characterize how the DTN modulates HDC activity.
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Spatial navigation relies on tracking one’s movement using self-motion cues (path integration) or referencing
external landmarks (landmark-based navigation) to guide behavior. Extensive rodent electrophysiological
research has shown that hippocampal place selectivity supports cognitive maps that facilitate path integration.
However, recent electrophysiological studies in diurnal species such as macaques and marmosets report
predominant view selectivity in the hippocampus. Despite this, these species likely retain path
integration-related abilities through available self-motion cues (optic flow, proprioception, vestibular signals), yet
this remains largely unexplored because most experimental paradigms favor landmark-based navigation.

To investigate this, we trained a freely moving marmoset on a navigation task performed under visually guided
and memory-guided conditions while wirelessly recording its location and head direction. In both conditions, the
animal navigated among four reward spouts by visiting three in a prescribed sequence. In the visually guided
condition, the correct next spout was explicitly cued, whereas in the memory-guided condition this cue was
removed, requiring the animal to rely on stored information about the sequence and spatial layout. Under
memory guidance, accuracy dropped from 90% to 71%, accompanied by an increase in the number of mistakes
during miss trials, indicating greater memory demand. Notably, execution times doubled, and trajectories
became significantly more stereotyped, suggesting a shift from exploratory behavior toward more deliberate
route execution. These behavioral changes indicate increased reliance on internal route representations in the
absence of explicit visual cues.
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During navigation, people must continuously estimate where they are, where relevant landmarks and goals are
located, and how their self-generated movements will change these spatial relationships over time.

Crucially, in this sequential behavior, perceptual, motor and representational uncertainties are not fixed (Kessler
et al, 2024). They depend on the navigators' own actions, including where they choose to look and how they
choose to move (Yang et al., 2016). This means navigators can actively reduce uncertainty by turning their head
and eyes to sample landmark information when and where it is most informative. However, whether and how
such actions actually improve navigational accuracy remains a central open question.

Here, we combine immersive virtual reality, motion capture, and eye tracking to investigate how humans (n=72)
actively seek information from landmarks during physical walking in a triangle completion task, and interpret the
results through a computational framework linking gaze to internal representations of spatial uncertainty. By
systematically varying landmark visibility across different walking paths, we dissociate incidental from active
information seeking.

We find that participants actively seek landmark information through deliberate head turns at task-relevant
moments, and that this behavior predicts homing accuracy with diminishing returns. Eye tracking further reveals
consistent gaze patterns across landmark encounters that relate to performance. A belief-space planning model
explicitly trading off goal-reaching against uncertainty reduction reproduces these behavioral patterns and
captures the observed individual differences.

Together, these results suggest that humans actively shape their spatial uncertainties by coordinating eye, head,
and body movements during navigation in accordance with computational models of belief-space planning.
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Since the discovery of hippocampal place cells, cognitive map research has focused extensively on model
organisms with canonical senses in similar niches. In contrast, subterranean mole-rats adapted their navigation
to dark, one-dimensional tunnel systems. Behavioral evidence suggests that they rely on niche-specific magnetic,
somatosensory, and seismic cues, which are likely to play a significant role in the formation and maintenance of
their cognitive maps.

In this study, we recorded electrophysiological data from the hippocampus of the African mole-rat Fukomys
anselli to investigate how place cells encode their unique habitat. We recorded neural activity in total darkness
across different arenas containing prominent non-visual cues, such as magnetic and tactile, which the animals
could utilize to map the space.

We characterized properties of place cells modulated by specific sensory configurations. We analyzed the
relationship of these cells with the phase of theta oscillations, which is known to be involved in encoding spatial
information in the hippocampus. Mole-rat place cells exhibited stable spatial representations and information
content comparable to epigeic rodents, guided by polarizing arena cues. Notably, despite exhibiting the lowest
theta oscillation frequency recorded in any rodent, phase-dependent firing remained intact. These results
demonstrate that fundamental temporal relationships between hippocampal activity and theta oscillations are
preserved even at significantly lower frequency ranges.

These findings provide the first description of the cognitive map's neural basis in a strictly subterranean
mammal, demonstrating that fundamental spatial coding properties are conserved despite their environmental
specialization. By highlighting how specialized senses modulate spatial representations, this study offers novel
insights into the evolutionary adaptability of animals’ navigational systems to habitats devoid of canonical
sensory cues.
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Physical motion is integral to naturalistic navigation while the neural underpinnings of its role in navigation is
underinvestigated. Here we discuss two studies examining the electrophysiology of memory-based navigation
during walking, in MTL (medial temporal lobe) lesioned patients and in healthy older adults (OAs).

In the first study, 10 patients with MTL lesions and 20 age-,sex-, and education matched controls (22-61 yo)
performed a Morris Water Maze task in mobile VR and on a desktop PC. As proposed in previous analyses of this
dataset (Iggena et al., 2023), the neural activity in the patient group suggests a shift from an abstract map-based
strategy to an embodied strategy during retrieval of a remembered location in mobile setup. Specifically, patients
showed more alpha-band synchrony and beta-band desynchrony when mobile. Additionally, right temporal beta
and frontal midline delta rhythms in patients but not in controls predicted a tendency to repeat the learned
trajectory in an egocentric manner.

In a second study, we investigate whether similar patterns emerge in OAs, shown to prefer an egocentric
reference frame (Moffat et al., 2006), due to various aging-related neurocognitve changes. We tested 21 older
(60+ yo) and 20 younger (18—30 yo) adults (YAs) during the same task in mobile VR. OAs showed lower recall
accuracy, greater similarity between learning and recall paths, and reduced head rotation during recall compared
to YAs, coherent with the known egocentric bias in OAs. While this resembles the observations in the lesioned
population, the underlying mechanisms may differ.

We hypothesize that, in OAs, increased attentional demands for gait control during walking may contribute to
the use of egocentric strategies, rather than aging-related decline in MTL representations alone. Ongoing EEG
analyses will examine whether oscillatory patterns associated with gait control (parietal beta activity) predict the
use of path-replication strategies in OAs.
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Activity within the Subiculum (SUB) has typically been defined as an extension of CA1, with SUB firing patterns
appearing as theta-rhythmic multiplexed “place fields”. Unlike CA1, SUB spatial tuning is often stable across
changing environments and, recently, SUB neurons have been found to track topographic structures, including
environmental axes and corners. It is unknown how these unique SUB responses are integrated into the CA1
temporal theta framework.

We recorded simultaneous SUB and CA1 activity in rats as they traversed a series of interconnected paths. A
novel task required rats to learn routes defined amongst a network of three path axes that intersect to form a
triangular grid, with the starting location dictating the given trial’s rewarded route. We found maze-room
orientation served to guide behavior, and the path arrangement allowed us to test orientational and positional
impacts on neural activity.

SUB firing patterns displayed multiple forms of directional tuning during task navigation, with single vs
multi-peaked tuning defined by the maze structure. SUB neurons displayed strong intra-network coordination,
which was driven by the variety directionally tuned neurons. SUB coordination, and directional tuning, was
largely lost during post-task open-field recordings.

SUB directional activity dynamically responded to the theta rhythm, with in-field responses displaying a range of
strong theta modulation and phase-precession, versus appearing largely unrhythmic. SUB theta relationships
varied across tuning fields, with multi-fielded cells’ theta-engagement depending upon the field to which it was
defined. We found that the variety of SUB rate and phase responses to decode and discriminate amongst route
progressions with greater accuracy than classic spatially tuned neurons. SUB’s directional activity, in fact, formed
a contextually relevant spatial code that is distinct from CA1 and is optimized to guide complex behavior in
learned environments.
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The retrosplenial cortex (RSC) is heavily interconnected with sensorimotor cortices and subcortical regions,
including the hippocampal formation (HPC) and anterior thalamic nuclei (ATN). In addition to a role in spatial
navigation, the limbic circuit is highly implicated in mnemonic processing. RSC’s role in integrating stimuli, both
sensory and navigational, has continued to be a topic of investigation, where simple associations seemingly do
not engage the region, but more complex tasks do. Furthermore, electrophysiological evidence suggests theta
oscillations (6-12Hz) are highly implicated in memory processing within this circuit. While HPC and sub-regions of
ATN possess continuous theta modulation during spatial memory tasks, RSC and the anteroventral nucleus (AV)
of the thalamus seemingly engage with theta rhythms in a more transient manner. We hypothesize that this
transient theta engagement serves as a signature of memory processing; however, there has been minimal
investigation of coordination across the AV-RSC circuit during the encoding, consolidation, and retrieval of spatial
memories. Here, we first characterize the RSC during a standard cheeseboard task using in vivo
electrophysiological recordings. Rats are recorded during the encoding of novel reward locations across 3 days,
with a recall session recorded after a few days break. Single-cell and local field recordings were used to
characterize the firing patterns of RSC neurons over the entire course of learning.
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Navigation research has widely examined the influence of individual differences in spatial abilities, such as sense
of direction and mental imagery manipulation performance, on navigation performance. Meanwhile, research
on decision-making in broader contexts has identified individual differences in information processing, including
those reflected in thinking styles, as one of the central topics. Although navigation inherently involves a
sequence of decisions, such individual differences remain relatively underexplored in the navigation domain.
Since gathering information while moving is essential for acquiring spatial representations, incorporating insights
from decision-making research may contribute to a broader understanding of navigation behavior from a
perspective not limited to spatial ability alone. Therefore, the present study investigates how individuals’
thinking styles are associated with information gathering behavior, particularly look-around behavior, during
movement under multiple task contexts. In an experiment, participants performed three tasks: free exploration,
object collection, and navigation. The influence of thinking styles on the amount of look-around behavior during
these tasks was examined, along with differences between the tasks and their interaction with thinking styles.
Although thinking style showed no main effect, an interaction with the task type was observed, as participants
with higher preference for effortful thinking looked around less during the navigation task. The main effect of the
task type was also observed, as participants looked around most in the object collection task, followed by the
free exploration task, and least in navigation tasks. These findings highlight the potential of bridging navigation
and decision-making domains and expanding the theoretical framework of cognitive process behind navigation
behavior.
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Living organisms need to successfully navigate in order to survive, yet there is wide variability in our navigation
ability. What contributes to this variability, and is it a matter of strategy or skill? To investigate these issues, we
address three questions related to individual navigation abilities: 1) Is the ability to acquire spatial knowledge a
unitary construct? 2) How do different aspects of cognition contribute to our navigation abilities? 3) How do
spatial ability and personality contribute to navigation strategies? We tested 260 participants with a battery of 40
navigational (both ambulatory immersive and desktop), spatial, cognitive, and personality measures to model
the relationship between these factors. Having multiple performance measures of each of these possible
contributors to navigation ability allowed reliable measurement and comparison of complex relational models.
Using Structural Equation Modeling, we tested the relationship between basic cognitive processes, types of
spatial knowledge, and spatial strategies. We found that spatial knowledge acquisition is largely a unitary
construct in that measures of route, graph, and survey knowledge defined a single factor. Measures of spatial
visualization/cognitive ability, path integration, and episodic memory independently predicted that ability.
Wayfinding strategy (taking efficient shortcuts vs. relying on well-learned routes) was predicted by spatial
knowledge acquisition, but not by personality. These results provide novel insights into the nature of navigation
abilities and strategies, how they are related to other spatial and cognitive abilities, and how to measure
navigation ability.
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Active exploration is known to enhance spatial learning, an effect attributed to the proprioceptive and vestibular
information available during walking. However, beyond its informational contributions, locomotion may also
serve as a contextual cue that engages broader physiological systems supporting exploration. We investigated
whether cortisol—traditionally viewed as a stress hormone—functions as a resource mobilization signal during
novel environment exploration, and whether its effects depend on locomotion.

Participants (N=163) explored a virtual environment either by walking (ambulatory condition) or using a joystick
while seated on a rotating stool. Cortisol increases during exploration predicted higher exploration distance,
improved spatial learning, and lower reliance on learned routes, but only in the ambulatory condition. These
findings suggest that locomotion does more than just provide sensory information: it may be a signal to the
organism that an exploration context is being engaged, activating coordinated hormonal mechanisms that
support the construction of more robust, survey-level spatial representations.
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Sensitive to egocentric bearing and/or distance to environmental features, egocentric boundary cells (EBC) are
critical for navigation and the construction of a cognitive map, capabilities that decline in neurodegenerative
disorders such as Alzheimer’s disease. In these disorders, the inability to form accurate spatial representations
often leads to disorientation and memory impairment. EBCs have been documented across several cortical and
subcortical regions including the dorsal striatum, and retrosplenial, parietal, secondary motor, lateral entorhinal,
and postrhinal cortices. Many of these regions are known for their robust interconnectivity but it is unclear
whether hierarchical processing mechanisms contribute to egocentric vector coding. Data from our lab indicate
that EBCs found in the retrosplenial (RSC) and posterior parietal cortices (PPC) share similar tuning properties,
such as tuning strength and field-distributions, yet differ in their stability over time and other features relating to
the timing of boundary coding. These differences suggest that properties of egocentric spatial representations
may be influenced by cross-regional interactions. To dissect the relative influence of RSC to PPC or PPC to RSC
projections on this form of spatial tuning, we used high-density electrophysiology methods to record neural
activity from each region while disrupting afferent inputs in freely exploring mice. Preliminary data yield
important insights regarding dependencies between regions critical for the egocentric sensation of the spatial
world.
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Spatial navigation relies on both egocentric (self-centred) and allocentric (world-centred) reference frames. The
posterior parietal cortex (PPC) plays a key role in egocentric spatial representation. Notably, the medial and
lateral PPC exhibit distinct anatomical connectivity, suggesting potential functional specialisation in egocentric
spatial processing. However, whether and how these distinct PPC subregions contribute differently to egocentric
navigation remains unclear.

Here we examined functional differences between the medial and lateral PPC by recording egocentric boundary
vector cells (EBCs), neurons that fire when an animal faces environmental boundaries at specific distances and
directions. Neural activity was recorded while mice navigated in a baseline 60 x 60 cm square arena and four
manipulated environments: the same arena with an inserted boundary, the same arena rotated by 45°, a circular
arena and a size-matched virtual reality (VR) square arena.

EBCs in the medial PPC exhibited a broad distribution of preferred boundary distances, whereas those in the
lateral PPC were strongly biased toward shorter distances. Moreover, EBC responses in the lateral PPC showed
significantly lower cross-correlations between baseline and the rotated environment, indicating reduced stability
when distal visual cues were rotated. Together, these results suggest that lateral PPC EBCs may depend more on
proximal sensory interactions with nearby boundaries and distal visual cues.

Interestingly, most EBCs remapped in the VR condition, showing shifts in their preferred orientations and
distances compared with baseline. This contrasts with previous reports in real-world environments, where
egocentric boundary signals remain stable across environmental manipulations. This result suggests that
egocentric representations in the PPC may rely on multisensory inputs beyond visual cues alone.
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Each fall, millions of Monarch butterflies (Danaus plexippus) migrate thousands of kilometers from the northern
US to their overwintering sites in Central Mexico. To maintain their southerly migratory direction, these
butterflies rely on a sun compass for orientation [Mouritsen and Frost, PNAS (2002)]. This sun compass is
controlled by a specific brain region, the central complex [Heinze and Reppert, Neuron (2011)]. The
central-complex compares the current flight heading, represented by head-direction neurons, with the desired
direction, represented by goal-direction (GD) neurons [Beetz et al., Nat. Commun. (2023)]. How the animal’s
desired direction is set by the central-complex network, however, is still unclear.

Here, we performed multichannel tetrode recordings from the central complex of non-migratory tethered-flying
Monarch butterflies that were allowed to actively steer in a flight simulator in the presence of a sun stimulus. To
test whether GD neurons set the animal’s goal direction before flight, we recorded the same neurons during
active rotation in darkness prior to, as well as during flight. Remarkably, we found that the spatial tuning of GD
neurons prior to flight showed a high correlation to the behavioral goal heading, allowing us to predict the
animal’s goal direction even before take-off. Interestingly, this prediction was only possible when the butterflies
were allowed to scan all head-directions relative to the sun stimulus prior to flight. Taken together, these results
suggest that the goal direction is set during a calibration phase prior to flight, allowing the animal to efficiently
choose a specific goal direction with respect to the visual scene.
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An animal’s ability to sense its own motion and infer its position and orientation in space, or path integration
(P1), underlies successful navigation. In rodents, cells in the entorhinal cortex exhibit grid-like firing patterns
thought to support Pl by metrically representing space. Human neuroimaging studies have provided indirect
evidence for these entorhinal mechanisms, but the relationship between entorhinal grid-cell-like signals and PI
performance remains unclear. To address this gap, we recruited 67 young adults to complete two ambulatory Pl
tasks (Triangle Completion and Loop Closure) in immersive virtual reality, post-task strategy surveys, and a
neuroimaging session to measure entorhinal grid-like activity. Both Pl tasks assess one’s ability to walk back to
the start location, but Triangle Completion involves walking two legs of a triangle first, before walking to the
start. Loop Closure involves walking in a circle and stopping at the start. Behavioral results suggest that
continuously updating the trajectory to the start (a homing-vector strategy) was more effective for Triangle
Completion, whereas summing path segments to locate the start (a configural strategy) yielded better results for
Loop Closure. Given the configural-strategy advantage in Loop, we hypothesized that entorhinal grid-cell-like
signals would correlate more strongly with Loop performance than Triangle, supporting the use of metric
information for configural strategies. Preliminary neural findings revealed a significant correlation between the
magnitude of the entorhinal grid-cell-like signal and Loop accuracy, but not Triangle performance. Furthermore,
significant grid-cell-like signals were observed in low, but not high, Triangle performers and high, but not low,
Loop performers, providing the first evidence of a neural distinction between Pl tasks. Examining how strategy
use moderates entorhinal involvement in Pl offers new insight into human path integration ability.
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How spatial memories are organized following direct navigation versus symbolic learning has been debated for
decades. Some researchers propose that both forms of learning yield orientation-dependent representations,
whereas others argue that only secondary (map-based or symbolic) learning produces orientation dependence.
The present study revisits this debate by distinguishing between intrinsic representational structure and
updating processes during locomotion. Across multiple experiments, participants learned object locations either
through direct perception of physical and virtual objects arranged on the floor (primary learning) or through
symbolic representations of object names presented in equivalent spatial layouts (secondary learning). After
learning, participants physically rotated to adopt different actual headings and pointed to targets from imagined
headings. In all conditions, pointing was more accurate when imagined headings aligned with the learning
orientation (the L-1 effect), indicating that both learning modes produce allocentric representations organized
around an intrinsic reference axis selected by the learning view. Critically, however, only object-based layouts
exhibited an additional advantage when imagined headings aligned with the participant’s current actual heading
(the A-l effect). This dissociation suggests that although both primary and secondary learning establish
intrinsic-orientation-dependent spatial memories, they differ in how those memories are updated during
locomotion. Primary learning engages an environment-stabilized updating process that revises heading relative
to the layout, whereas secondary learning relies on a body-stabilized process that preserves heading relative to
the layout. These findings shift the focus of the classic debate from representational orientation dependence to
the processes by which spatial memories are dynamically updated.
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Animals constantly navigate their environment to find food, remember potentially dangerous places and return
to their point of departure. In many environments, travel is constrained along specific pathways whose
intersections and orientations to each other can be learned. To model this, we constructed a hexagonal shaped
maze with intersecting pathways forming a grid of triangles and three major axes of travel. We employed a task
demanding small vs. large triangle-shaped trajectories whose selection depended on the location of twelve
different, trial-specific start sites. Within this path network, recent findings from the laboratory suggest that high
proportions of subiculum (SUB) neurons are multi-directional despite place-specific firing of neurons in CA1,
SUB’s primary input. With maze-environment spatial and orientational shifts, we show that the alignment of
maze axes to the axes of the room boundaries is critical to task performance. Importantly, the impairments
observed in animal performance following 30-degree orientation shifts over early manipulation sessions were
later replaced by near-baseline accuracy as the animal adapted over training. Our next question has been to
determine what allows navigational adaptation to the realignment of maze relative to the environment. To
address this, we recorded anterior thalamic nucleus (ATN), SUB, and CA1 neurons during 30-degree shifts and
examined the adaptation of their spatial and directional tunings relative to baseline sessions. Many ATN and SUB
neurons exhibited directional tuning relative to room boundaries and preferred tuning orientations appeared to
be stable across sessions. CA1 neurons exhibited primarily place-specific activity that discriminated small vs.
large triangle trajectories. Following maze rotation, a small population of CA1 neurons maintained firing fields in
the same locations on the maze; a larger proportion exhibited an organized pattern of shift in their place field
locations on the maze.
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Forming a cognitive map during exploration of a new environment is a fundamental task for both animals and
humans. However, different individuals apply very different strategies. We seek to characterize the objectives
behind those strategies, and uncover their connections to motor control, memory and internal rewards.

To this end, volunteers performed an exploration task based solely on egocentric observations: using virtual
reality, they explored a dark arena, receiving auditory cues when encountering arena boundaries or virtual
objects, which they then had to mark on a map.

Focusing on the exploration trajectories, we find that different individuals exhibit consistent yet distinctive
patterns, which cluster by subject in a trajectory feature space. To understand what might underlie these various
trajectories, we developed a Bayesian agent performing the same task. Given parameters of movement control,
memory, and rewards based on internal belief, this agent plans and performs actions while holding an internal
belief about its location, head direction and the locations of objects. We show that different exploration patterns
naturally emerge from optimizing different internal rewards: self-location certainty reward leads to
wall-following, while object location and head direction certainty rewards lead to object re-visits and broader
exploration. The optimal strategy for the task, in terms of accuracy and speed, requires a balance between
self-location and object-location rewards. As memory improves, the importance of self-location reward for
optimality decreases.

Next, we introduced a novel method for extracting model parameters that best explain a given movement
trajectory, which we applied to human trajectories to characterize movement control and memory abilities
across our participants.

Overall, our findings suggest that variability in human exploration strategies reflects differences in internal
objectives, which interact with cognitive abilities.
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Navigation ability tends to decrease with age, particularly flexible navigation like taking shortcuts in learned
environments. Another common variable, stress, may decrease flexible navigation via cortisol produced by the
acute stressor. Cortisol has been shown to increase during moderate to vigorous exercise, but it is unclear what
intensity or duration of exercise is necessary to increase cortisol and whether it will affect older adults’ shortcut
taking. We aimed to understand whether exercise intensity and cortisol response affected flexible navigation
performance measured with shortcut taking.

In a within-subjects paradigm with 80 older adults (60-85 yrs; 46 women, 32 men, 2 unknown), participants
encoded a path through a maze with 12 landmarks in a desktop virtual environment using a video that played 5
times. Next, participants engaged in a 35-minute exercise bout on a stationary bike at either light or moderate
intensity. Finally, they were placed back into the virtual environment at one landmark and instructed to navigate
to a target landmark for 12 trials. Salivary cortisol was measured before and after exercise.

Neither exercise intensity nor cortisol were significant predictors of shortcut-taking and cortisol did not differ by
exercise intensity (ps>0.1). However, there was a significant interaction between exercise intensity and sex
(p<.001): men in the light exercise condition took more shortcuts than men in the moderate exercise condition
(p<.001) while women showed no difference in shortcut taking between conditions (p=0.6). In the moderate
condition, women took significantly more shortcuts than men (p<.001). These results suggest that individual
differences in the way older adults respond to stressful situations may determine how much their navigation is
affected. Future research may consider cognitive or affective differences to predict which older adults will show
the largest stress responses and thus the largest deficits in navigation.
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Digital maps support navigation, but they may impair the formation of accurate mental maps and thus
fundamental spatial skills. This study aims to improve path integration (Pl) performance without increasing
cognitive load. Environmental boundaries are known to stabilize and align the internal reference frame to
facilitate orientation. Alignment with such local axes relates to boundary and grid cell activity, which encode
spatial features through distinct firing patterns. The experiment was conducted on a PC monitor and in virtual
reality (VR) using a Head Mounted Display (HMD). In the PI tasks, participants navigated to three Pl positionsin a
virtual arena before locating the first position unaided. At the beginning of the task, they were exposed to none
or one of two briefly displayed local cardinal axes (raised line, wall). Results showed an improved Pl performance
when the raised line was presented, suggesting that an internal reference frame - potentially linked to grid-cell
activity - continues to stabilize navigation after cue removal. However, the visually dominant wall impaired PI
performance, which contrasts with other studies reporting that distinct boundaries stabilize grid-cell activity. This
is likely due to an increased spatial uncertainty from the sudden expansion of the participant’s field of view upon
removal of the wall. These findings highlight the importance of choosing local boundary cues carefully in (neuro )
cartographic study design, as sudden changes of visual boundaries may negatively affect spatial abilities.
Comparable effects across both study setups underscore the potential of behavioral paradigms, especially in VR,
to indicate links between internal reference frames and grid-cell-like processing. Such approaches may provide
an efficient and resource-friendly preliminary step before conducting more demanding neuroimaging studies.
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Animals must visually estimate the distance of external objects and boundaries to accurately perceive their
spatial environment and to navigate effectively. Binocular disparity—the slight difference in retinal images
between the two eyes—is known to drive disparity-selective responses in binocular neurons. However,
behavioral studies have shown that mice can judge distance using monocular vision alone, suggesting that
multiple cues are integrated to form a unified distance map of the visual field. How the visual cortex constructs
these representations remains poorly understood. Focusing on binocular cues, we hypothesize that
disparity-tuned cells drive a distance representation that is transferred beyond binocular visual areas. Using
two-photon calcium imaging in head-fixed mice, we measure activity in visuoparietal cortices in response to
stimuli presented at varying distances (controlling for retinal image size) that are otherwise visually identical. We
pair these experiments with disparity measurements, where different images are shown to each eye, to
characterize the relationship between disparity selectivity and distance tuning. Preliminary findings suggest that
a subset of visual cortical neurons exhibit reliably distance-tuned responses, maintained even under monocular
viewing conditions following binocular perception. We are extending these findings to freely moving animals
using a head-mounted two-photon microscope to assess how binocular and monocular depth cues are
integrated during active spatial exploration. This work provides new insights into how distance is encoded in
visuoparietal cortices and how these representations support spatial perception and navigation.
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Ovarian hormones (estradiol and progesterone) have been linked to differences in performance in measures of
spatial cognition in women. Past studies have typically used mental rotation as a proxy for spatial ability, and
found that higher estradiol phases of the menstrual cycle are associated with worse performance. Studies
measuring spatial navigation ability have yielded mixed results, and are limited by adopting only
between-subjects designs, using self-report measures of cycle phase, or measuring navigation in desktop VR.
This study examines spatial cognition abilities, including mental rotation and navigation in immersive VR, in
healthy young women at two phases of their menstrual cycles — when estradiol is high (the ovulatory window)
and when ovarian hormones are low (menses), confirmed via salivary measurements. Preliminary results
indicate that some facets of spatial cognition differ by cycle phase, with opposing effects of state vs. trait
estradiol on ability.
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Patients with temporal lobe epilepsy (TLE) often report memory loss and difficulty forming new memories.
Additionally, the hippocampus is strongly involved in spatial memory and navigation. To better understand the
links between epilepsy and spatial memory, we aim to investigate the extent to which epileptic pathology
influences or is influenced by a navigation task.

Our study has two objectives: 1) to examine the relationship between clinical variables - including
neuropsychological assessments, brain MRI, lesional findings, interictal activities, and navigation performance at
a macroscopic level, focusing on patients’ ability to learn the task and acquire both place-based and
sequence-based strategies; 2) to investigate the temporal dynamics and reciprocal influence of epileptic activity
and specific navigation events, such as first-turn decision making, approaching incorrect visual cues, and the
cognitive flexibility required to switch from one strategy to another.

To address these objectives we use intracranial electrophysiological recordings (sEEG) obtained from epileptic
patients implanted with depth electrodes as part of their pre-surgical evaluation, while they perform the
Starmaze navigation task in a virtual environment. We examine them across different frequency ranges, identify
and quantify interictal epileptiform discharges (IEDs) and apply a spike-sorting algorithm on microelectrodes
signals in order to characterize epileptic activity at multiple scales, from local field potentials (LFPs) to single-unit
activity. We finally correlate the scores of navigation tasks with sEEG epileptic events and clinical data.

This work could contribute to identifying the influence of different epilepsy biomarkers on neuronavigation
performances. Furthermore, detecting specific patterns of epileptic activity in relation to distinct behavioral

modifications may help predict cognitive deficits and improve patient care and support.
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Path integration is the ability to keep track of one’s position and heading by integrating self-motion information.
In the absence of external cues, path integration error accumulates rapidly due to imperfect self-motion
signalling. Interestingly, previous behavioural and grid cell studies using a 1D path integration paradigm have
suggested that not only external cues, but also internally generated cues can reduce path integration errors
(Philbeck et al. 2005, Arthur et al. 2009, Neupane et al. 2024). In this new study, we tested whether currently
hidden landmarks, recalled from memory, can stabilize path integration and improve performance during a 2D
triangle completion test in virtual reality. At the trial-to-trial level, participant completed the task either in areas
where they could easily recall previously seen landmarks or in empty areas. In addition, two different
environments — a flat surface and a spherical surface — were employed to test whether imagined landmarks
enhance cognitive map formation and influences path integration system even in unfamiliar geometry.
Preliminary results show improved path integration precision in landmark-rich regions, but only in the familiar
Euclidean geometry. These findings suggest that imagined landmarks help anchor self-motion to a stable
cognitive map. Future studies could examine whether this cognitive strategy has the potential to alleviate spatial
disorientation in clinical populations.
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Previous studies have shown that the hippocampus is involved in two orientation strategies: 1)
“sequence-based”, in which self-motion is used to update position relative to an internal representation of the
environment; 2) “place-based”, in which behavior and internal representations are anchored to external
landmarks. However, how our brain switches between these two strategies remains unanswered. In this project,
we investigate how the hippocampal activity signals the switch between strategies and reflects the
computational choice between information sources.

To achieve this, we acquire intracranial electrophysiological (SEEG) recordings of epileptic patients implanted
with microelectrodes and macroelectrodes in the hippocampal region as part of a pre-surgical evaluation, while
they perform a navigation task in a virtual environment. We analyze behavioral and eye-tracking data collected
during the acquistion of the task, focusing on the use of allocentric and egocentric strategies and on behavioral,
oculomotor and sEEG markers occurring around the switch between these two strategies. In parallel, we
investigate the sEEG recordings by applying spike-sorting to extract single-unit neural activity and identify
space-coding neurons, after discarding epilepsy-related activity. At a more macroscopic scale, we analyze local
field potentials across different frequency ranges and link these activities to identified events during the
navigation task such as the switch of strategy period or when reaching the reward.
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Humans acquire information from the external environment through multiple senses and from numerous
sources. It is widely acknowledged that distinct information streams are integrated within the brain to generate
more coherent representations of space, which, in turn, facilitate more complex navigation behavior.
Non-Euclidean space studies have revealed that metric information that should be impossible could be
represented in memory, although it is still unclear if this guides active decision-making during navigation.
Alternatively, the theory of the Euclidean cognitive map predicts that a holistic representation of space that
informs navigation will be distorted to fit a globally consistent reference frame. We tested whether blink-related
brain dynamics when navigating an impossible compared with a possible space reveals evidence of a cognitive
conflict that would indicate difficulties in integrating globally impossible metric information in memory.

100 participants with 128-channel EEG recording navigated routes either in a fully mobile VR setup or a
traditional desktop setup using a keyboard for movement. Routes always featured a continuous topology such
that participants arrived back at their start location, cued by a landmark, but we manipulated whether the
continuous topology was possible given the geometry of the route, thus rendering some routes non-Euclidean.
In a 2 x 2 design, we manipulated distance and/or the turning angles of route segments as possible or impossible
to induce sensory conflict. To evaluate the sampling of the environment we analyzed blink rate, blink timing, and
blink-related potentials. It was hypothesized, that in case of a mismatch of sensory input and mental
representation, the sampling of visual information is enhanced. This was parametrized in longer inter blink
intervals, reduced blink rate and more pronounced blink-related potential components especially at parietal and
occipital leads.
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In rodents, replay of hippocampal place cell sequences has been suggested to be involved in spatial memory
consolidation and path planning. However, navigation rarely happens in isolation and often includes knowledge
about anticipated or past movement of others, for instance, to avoid collision. While previous studies
investigated individual spatial cognition, we know little about coordinated multi-agent navigation and whether
replay plays any role in it, by prospectively simulating future trajectories of others and retrospectively replaying
their past trajectories. Here, using recent methodological advances that can track replay in fMRI, we investigated
pairs of participants who navigated a previously learned abstract state space in an interactive setting, trying to
reach a common goal state while avoiding collisions, while their brain activity was measured using fMRI
hyperscanning using two Siemens 3T MR scanners in parallel. The state space contained a bottleneck that both
participants had to pass, ensuring that successful task performance required participants to consider both their
own and the other’s states. Behavioral results (N = 60, Mage = 26.83, SDage = 4.4, female = 37) showed that
participants improved their performance over trials, using their knowledge of the state space to navigate in the
interactive setting successfully and reached the goal more often without colliding than expected by chance. fMRI
data was analyzed using representational similarity analysis to show where the state space is represented in the
brain. Furthermore, we identified replay-like events as the sequential reactivation of state representations by
multivariate fMRI classification. Here, we looked at the prospective simulation of self and others’ future
trajectories during planning to avoid collisions, and the retrospective replay of their past ones for learning,
indicative of a credit assignment mechanism. Our study sheds light on the role of replay in multi-agent
navigation.
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Background: Successful navigation relies on the integration of visual, vestibular, and proprioceptive cues. This
study examined whether the availability of congruent multisensory input enhances navigation performance
beyond visual input alone and whether this effect differs by gender.

Methods: Forty healthy adults completed the virtual Morris Water Maze in an immersive virtual reality (VR;
multisensory) and a desktop (visual-only) setup. Navigation performance was analyzed using Bayesian
hierarchical Beta regression models.

Results: Navigation performance was higher in the immersive VR setup than in the desktop setup, with an
estimated mean increase of 0.022 (95% Crl [0.004, 0.040]). A gender-by-setup interaction was observed,

characterized by a VR disadvantage for men and a VR advantage for women.

Conclusion: These findings provide evidence that congruent multisensory input enhances navigation
performance beyond visual information alone, but that this benefit is strongly modulated by gender.
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Spatial navigation impairments are considered an early behavioral marker of Alzheimer’s disease and may
emerge before clinically detectable memory deficits. These impairments are thought to reflect early pathological
changes within medial temporal lobe structures, particularly the hippocampus and entorhinal cortex, which are
critically involved in spatial coding and navigation.

In the present study, we investigated the relationship between molecular pathology, neural activity, and
navigation performance in older adults. Clinically normal participants or patients with mild cognitive impairment
performed the Apple Game, a virtual navigation task designed to assess spatial memory, path integration, and
goal-directed navigation. All participants additionally underwent tau-PET imaging. Functional MRI was used to
quantify task-related BOLD activity and grid-cell-like representations (GCLRs) in medial temporal lobe regions.

Across participants, we observed converging alterations on both the neural and behavioral level that were
associated with medial temporal lobe pathology. Higher tau accumulation in the hippocampus was associated
with reduced task-related BOLD activity in this region. In the entorhinal cortex, increased tau burden was related
to reduced grid-cell-like representations during navigation. Importantly, elevated tau levels in hippocampal and
entorhinal regions were also linked to poorer behavioral performance in the Apple Game, reflected by increased
navigation errors.

Together, these findings suggest that tau-related pathology in medial temporal lobe structures is associated with
disruptions of both neural coding mechanisms and spatial navigation behavior. Our results support the idea that
alterations in hippocampal and entorhinal navigation systems may represent an early functional consequence of
Alzheimer’s disease pathology.
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Humans and animals evolved to live in and interact with complex environments, where multiple factors govern
their behavior: for example, where to forage for food, or where to avoid predators. These interactions are the
focus of behavioral ecology, where a major concept is the “landscape of fear”: animals are more vigilant in
dangerous areas, or avoid them completely, suggesting they have a cognitive map of fear that they utilize to
make spatial decisions. To date, this theory stayed within behavioral ecology, and no studies investigated the
neural mechanisms underlying these fear maps. Here we recorded a unique dataset in bats navigating over an
oceanic island — a real-world natural environment, with real sources of danger, mainly the ocean and a large
colony of big and potentially predatory sea birds. We defined danger as the local bird density, and safety as the
distance from the birds or the ocean. Bats tended to favor the safe areas on the island, consistent with the
framework of ecology of fear. While the bats explored the island, we recorded neurons in hippocampal area CA1
—an area known to hold cognitive maps — and used the neural population activity to fit a non-linear fear
response function for each bat, whose parameters have meaningful cognitive interpretations, such as the
safety-distance from the birds. These neurometric functions convert the external variables of danger and safety
into an internal level of fear, allowing us to generate fear maps for each bat and to decode the fear level of the
animal from the hippocampal neural activity. Furthermore, we found that many individual neurons significantly
encoded danger and safety, on top of the place-coding expected in CAl. Together, we established here that the
hippocampus contains a cognitive map of fear during natural navigation outdoors. More broadly, we hope that
the availability of large-scale neural recordings during natural behavior in the real world will open a new field of
neuroecology.
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Spatial navigation is essential for everyday life, but links between hippocampal volume and navigation in healthy
samples are mixed. Using generalized additive models (GAMs), we tested whether hippocampal volume
measured from early childhood to adolescence predicts performance on MiniCity, a virtual navigation task in
which participants study a map and then bike through a virtual environment to find targets, and whether
prediction improves with a second scan from the MiniCity wave. T1-weighted MPRAGE MRI from 630
participants with a baseline scan before age 15 (4.12—14.99 years) was processed with FreeSurfer to derive total
hippocampal volume and intracranial volume (ICV). Of these, 109 completed MiniCity at ages 16.50-29.97 years,
5.63—-16.29 years after baseline MRI, and had an MRl scan in the MiniCity wave. In covariate-adjusted prediction
models, larger baseline hippocampal volume predicted better MiniCity score up to 16 years later (t=2.15, p =
0.0339). Notably, baseline ICV, a proxy for total brain size, and time from baseline MRI to MiniCity did not predict
score (p =0.280, p = 0.702). A scan from the MiniCity wave added only modest predictive value: cross-validated
RMSE (lower = better) was 2.24 for the baseline scan alone, 2.18 for the MiniCity-wave scan alone, and 2.14 for
both scans together. Thus, the MiniCity-wave scan was only slightly better than the baseline scan alone, and
using both scans improved prediction only slightly. When both scans were modeled together, only MiniCity-wave
hippocampal volume explained unique variance (t = 2.21, p = 0.029), whereas baseline volume did not (p =
0.657), suggesting that the two scans overlap substantially and share much of the same predictive information.
These findings show that hippocampal volume measured from early childhood to adolescence predicts virtual



navigation up to 16 years later and suggest that an early structural measure can capture stable individual
differences relevant for later navigation.
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Brains build internal predictive models that must be continually updated through sensory feedback to correct
errors and adapt to a dynamic world. In navigation, the cognitive map embodies an internal model of space, and
external landmarks provide allothetic spatial cues to recognize environments and locations within them and to
correct accumulated errors in path-integration-based position estimates on this map. The neural origins of the
landmark-based correction signal remain unknown in mammals. To address this gap, we performed
simultaneous recordings in rats (n = 5) across five parahippocampal regions using an immersive virtual reality
apparatus that preserves natural, unrestrained locomotion while affording precise control over the position and
salience of visual landmarks, allowing us to probe the interplay between external cues and internal computation.
Our results reveal physiological and functional dissociations between area 29e—a parahippocampal region
putatively homologous to primate area prostriata—and its neighboring regions. When conflicts between
path-integration-based position estimates and feedback from rapidly rotating distal visual landmarks disrupted
landmark anchoring in most spatial neurons across MEC, PA, PO, and PR, many neurons in area 29e maintained
landmark-anchored firing. This disruption of landmark anchoring was preceded by a decline in gamma-band
influence from 29e to MEC and a concomitant decline in theta-modulated feedback from MEC to 29e. Area 29e
exhibited weaker theta in the LFP and weaker theta modulation of neuronal spiking compared to MEC, PA, PO,
and PR. Area 29e also displayed stronger egocentric and landmark-contrast tuning than other regions, and these
sensory properties were markedly enhanced in its landmark-anchored subpopulation. These findings provide
strong evidence that 29e serves as a specialized visuospatial hub that provides landmark signals for anchoring
parahippocampal spatial representations to the external world.
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Grid cells in the entorhinal cortex (EC) exhibit characteristic six-fold rotational symmetry and are widely
considered a core mechanism supporting spatial navigation. Human fMRI studies have identified grid-cell-like
signals in EC during navigation, but behavioral evidence remains largely indirect, leaving unresolved whether
grid-like neural coding directly shapes behavioral performance.

We addressed this gap by testing whether individual differences in entorhinal grid-like signal strength predict a
specific symmetry structure in spatial memory. Participants completed an fMRI navigation paradigm quantifying
grid-cell-like signal strength in posterior medial EC, followed by an object placement task requiring
reconstruction of object locations from a top-down perspective. To characterize the latent structure of spatial
memory, we developed a hierarchical Bayesian model that decomposed angular error patterns into competing
4-, 5-, 6-, and 7-fold symmetry components while accounting for subject-specific rotational alignment. This
yielded subject-level posterior estimates of symmetry strength for each candidate fold, allowing us to test
whether grid-like signal strength predicted overall periodic structure or the selective dominance of a specific
symmetry.

Location errors exhibited a symmetry structure that systematically tracked individual differences in entorhinal
grid-like signal strength. Participants with stronger grid-like signals showed behavioral profiles dominated by
6-fold symmetry, whereas those with weaker signals showed relatively stronger 4-fold structure. Entorhinal
grid-like signal strength did not predict the overall magnitude of periodic structure across folds. These findings
indicate that entorhinal grid-like signals are related not to a general increase in periodicity, but rather induce a
shift towards a dominating behavioral symmetry pattern.

Presenting author: Jiayu Chen



67: Emerging navigation behaviors in a VR city: unsupervised strategy detection in an adult twin cohort

Author(s) and affiliation(s):
Pablo F. Garrido (1, 2), Knut @verbye (1), Jonas Kransberg (1), Eline Barghaug (1), Marie Eggset (1), Johanne

Bj@rndal Iversen (1), Anders M. Fjell (1,3), Kristine B. Walhovd (1,3)

(1) Center for Lifespan Changes in Brain and Cognition, Department of Psychology, University of Oslo, Oslo,
Norway

(2) Department of Physics, University of Oslo, Oslo, Norway

(3) Computational Radiology and Artificial Intelligence, Department of Radiology and Nuclear Medicine, Oslo
University Hospital, Oslo, Norway

Navigation is a complex behavior that involves several processes such as memory, sensory perception, cognitive
mapping, and decision-making. Cognitive training has shown memory improvements in numerous studies, but its
use to better understand strategies in human navigation, and potential changes with time and training, is less
explored

In this study, we present a 10-week cognitive intervention in a unique 3D virtual reality (VR) city, which covers 5
km? and is divided into 10 levels with increasing complexity. Each session initially consists of searching for
different objects placed in specific parts of the city. A total of 206 participants from an adult twin cohort entered
the study, but only 100 completed more than 2 h of training. Participants navigate in the city wearing a VR
headset while sitting on a bicycle mounted on a roller. During each session, their coordinates in the city were
recorded every 0.1 s, as well as their head movements (pitch, roll, and yaw).

Navigation strategies were identified using unsupervised multivariate time series segmentation and clustering
with two different approaches: Hidden Markov Models (HMMs) and Random Markov Fields (RMFs) with Toeplitz
inverse covariance-based clustering. Given the movement of the head and the velocity on the bike, our aim was
to detect and identify the various behaviors used by each person throughout the training period and to follow
their evolution.

The analysis shows a minimum of 5 clusters that are repeated across all examined sessions and participants. A
participant’s behavior during a session is composed of a collection of the detected clusters. The strategy they use
depends on their familiarity with the neighborhood, the distance to the next target, and personal variables such
as age. The combination of the two unsupervised approaches allows us to detect which clusters are closer to the
common allocentric and egocentric navigation strategies.
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Successful navigation requires neural computations that remain sufficiently stable to guide behavior as animals
learn and update goal locations. The granular retrosplenial cortex (gRSC) contributes to spatial navigation and
memory and contains neurons tuned to allocentric head direction (HD). However, it remains unclear how
head-direction processing and other navigation-related computations in gRSC evolve during spatial learning and
goal-directed navigation.

To address this question, we developed a two-stage spatial learning paradigm in which mice alternated daily
between cue-guided learning and cue-absent navigation to a previously learned goal location. In each cycle,
animals first learned the location of a rewarded port indicated by a visual LED cue and, on the following day,
navigated to the same location without visual guidance. Goal locations were reassigned randomly across
successive cycles. gRSC neurons were recorded longitudinally over weeks in freely moving mice using
prism-based miniature two-photon calcium imaging.

Preliminary analyses suggest that HD neurons in gRSC exhibit stable directional tuning. The same HD neurons
maintained their preferred direction and tuning strength (mean vector length) across days and across cue-guided
and cue-absent navigation. Across sessions with the same goal location, matched HD neurons showed minimal
shifts in preferred direction (7.5°, n = 20 matched cells), whereas shifts were substantially larger when the goal
location changed (36°, n = 22 matched cells).

These observations suggest that directional signals in gRSC remain stable across cue-guided learning and

memory-guided navigation. Future work will investigate how such stable directional signals interact with other
spatial representations as animals learn and update goal locations.
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Offshore wind is a energy source with tremendous potential in deeper waters on the U.S. eastern seaboard.
However, coastal communities have concerns about the impact of floating offshore wind in terms of
environmental aesthetics, marine economies, and perceived risks to maritime thoroughfares. Researchers often
study attitudes towards wind energy, using two dimensional, static visualizations of a proposed wind project.
These studies lack adequate spatial references, making it difficult for stakeholders to assess the visual and
place-based impact. Due to the enormity of most offshore turbine arrays, it is difficult for stakeholder groups to
make informed decisions. More recently work supported the use of immersive virtual reality (VR) based on its
ability to communicate accurate spatial information. This paper describes a study to better understand the
perceptions towards floating offshore wind based on providing immersive spatial and contextual information.
We developed an immersive environment with views of the offshore wind array from four locations at
decreasing intervals with the accurate scale of the turbines at each distance. We conducted 36 semi-structured
interviews with community residents and commercial fishermen using the virtual model to study the formation
of geographic scale mental models. Qualitative and quantitative methods were used to analyze the data for
attitude impact before, during and after the immersive experience, as well as spatial reasoning measures.
Findings from this study contributes to new knowledge of how coastal community members perceive risks and
uncertainty of offshore wind turbines after providing immersive spatially referenced information. These
multisensory environments provide researchers and policymakers expanded opportunities for engaging
communities in constructive dialogue and co-designed energy independence solutions.
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Grid cells provide an allocentric and metric representation of space, exhibiting a regular hexagonal pattern of
activity that tessellates the environment. However, deformations in this grid pattern, observed across different
environments and tasks, pose a challenge to this theory. In humans, under certain conditions, grid-like signals in
the entorhinal cortex exhibit a square 90° pattern instead of the typical hexagonal one. We propose that this
deformation results from the adoption of an egocentric frame of reference (FoR) during navigation. We test this
hypothesis using Recurrent Neural Networks trained to perform path integration. We find that changing the FoR,
while maintaining the same architecture and hyperparameters, is sufficient to drive the emergence of distinct
representations. Networks trained in an egocentric FoR (EgoNet) developed a larger number of square units,
whereas networks trained in an allocentric FoR (AlloNet) expressed more hexagonal units. Preliminary results
from rodent data (comparing light vs. dark conditions) align with our model findings - darkness shifts grid
structure from hexagonal to square. Lesioning the top hexagonal units in EgoNet had negligible effects on path
integration, whereas it significantly impaired AlloNet. Conversely, lesioning the top square units caused a drastic
performance drop for EgoNet. Only EgoNet exhibited egocentric center tracking units and a non-uniform
distribution of head direction units, with preferred angles clustered around 90° and 270°. Our study provides
compelling evidence of how different navigational frames of reference induce deformed grids, offering testable
predictions and a new perspective on the grid cell system through the lens of reference frames.
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Multiple cell types have been implicated in spatial navigation, allowing us to interact with the world and
memorize the spaces around us. Most prominently, place cells have been established in rodents and other
animals, including evidence for place-like cells in the human brain through intracranial recordings in epilepsy
patients. Studies in monkeys, however, have also focused on a different cell type, termed spatial view cells.
Unlike place cells, which code for the position that is occupied, spatial view cells show activity in response to the
space that is looked at, irrespective of the subject’s location. Here, to investigate spatial view cells in humans, we
performed human single-unit recordings with concurrent eye tracking during a virtual navigation task (12
participants). In this task, participants learned positions of objects in a virtual environment and later navigated to
them during retrieval. We recorded single- and multi-unit activity from major medial temporal lobe regions,
including the hippocampus, entorhinal cortex, amygdala, and parahippocampal cortex (about 2,000 units). We
quantified whether the neurons’ firing rates were modulated by the participants’ 3D gaze position in the virtual
environment. In our preliminary results, we find that about 15% of the recorded neurons are modulated by
spatial view, and that these neurons are most prevalent in the parahippocampal cortex. In ongoing analyses, we
investigate the overlap between spatial view cells and other cell types, including spatially and directionally
modulated neurons. Together, this work helps identify the prevalence of spatial view cells in the human brain
and disentangle their overlap with other functional cell types in the human medial temporal lobe.
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Navigation relies on understanding hierarchically nested spaces: The layout of objects within a building sets a
local scale nested in the larger global scale of a collection of buildings. Studies in young adults have dissociated
object location errors at local and global spatial scales, with participants recalling an object's local location
without recalling its global location. Aging impairs cognitive maps, yet it remains unknown how these deficits
extend to hierarchically organized environments.

Two mechanisms may account for age deficits in hierarchical spatial representations. (1) Given an age-related
preference for local spatial cues and deficits in context discrimination, older adults may demonstrate global-scale
impairments and preserved local representations. (2) Alternatively, aging disproportionately impacts episodic
memory for fine-grained details compared to coarse-grained information; therefore, aging may selectively impair
local-scale representations.

Here, we test how young (18-24) and older (65-80) adults represent hierarchically organized spaces. In desktop
virtual reality, participants will learn a hierarchically organized virtual environment with six visually distinct
buildings, each containing six objects. Spatial memory will be tested with a first-person object placement task
and map reconstruction of both the interior and exterior spaces. Object placement errors will be categorized as
within-building (correct building, wrong local position) or between-building (correct local position, wrong
building), respectively enabling dissociation of local and global spatial encoding.

We predict that older adults will show a higher ratio of between-building to within-building errors compared to
young adults, reflecting preserved local geometric processing (i.e. correct local position but failure to retrieve its
global context). This work provides a key novel investigation into how aging affects the ability to remember
hierarchically organized spaces.
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Decades of research have shown that successful spatial navigation requires the so-called “cognitive map,” an
internal representation of the surrounding space and one’s own location in it. However, how the human brain
forms this map in real-world settings is rarely investigated in mechanistic works. Humans in everyday life often
occupy a social environment: whether it be an office or a busy street, we keep track of who is where, and where
they may be headed. Yet, these complexities of real-world navigation are necessarily omitted in most studies,
focusing instead on single animals in highly controlled, minimalistic environments or on immobile humans. To fill
this critical gap in knowledge, we leverage our mobile multimodal neurophysiology platform to investigate how
other individuals in a shared environment are integrated into the human cognitive map. We recorded oscillatory
electrophysiological activity from medial temporal lobe (MTL) regions in nine freely moving participants with
chronically implanted deep-brain electrodes as they navigate and observe a real-world scene. We found that the
power of MTL theta oscillations (~4-7 Hz) was tuned to various features related to other individuals, effectively
encoding information such as another person’s location, speed, and interpersonal distance. Furthermore, the
encoded spatial feature strongly depended on task demands, with only behaviorally relevant features being
represented at a given point in time. These results suggest that the human brain uses a flexible repertoire of
spatial representations to track other individuals in a shared environment and switches between them
depending on current behavioral goals and task demands. Together, these findings provide novel insight into the
neural mechanisms by which the human brain integrates other individuals into their cognitive map during
real-world navigation and natural everyday experience.
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Cognitive maps putatively help extrapolate relational knowledge from one situation to another. Despite
mounting evidence for spatial and abstract map-like knowledge representations in the hippocampus, whether
humans flexibly transfer these knowledge representations between spatial and abstract tasks is unclear. Using
functional MRI, we tested if the human hippocampus and medial prefrontal cortex(mPFC) support map-like
knowledge transfer between spatial and non-spatial domains. In interleaved tasks, subjects viewed paintings to
infer two abstract attributes or their spatial location in a gallery, where paintings sometimes conserved the same
relative position in both tasks. The hippocampus and mPFC represented the distance between paintings in both
abstract and physical spaces. Testing for transfer of position codes, the hippocampus selectively conserved a
generalized representation of stimuli position. In contrast, mPFC tracked a conjunction of transfer-related
variables. Together, these results imply that the hippocampus generalizes map-like representations across
cognitive domains and mPFC reflects latent task structure to support flexible knowledge transfer
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The parietal cortex of rodents and primates acts as an interface between spatial navigation and action systems,
transforming spatial representations into motor plans that guide behavior. In non-human primates, these
processes are strongly integrated with high-level visual processing. Accordingly, spatial representations in the
primate hippocampus, together with regions of the parietal cortex such as the Lateral Intraparietal Area (LIP),
contribute to visual representations of space and spatial attention.

Most evidence for LIP function comes from head-fixed primate experiments, where attention is typically
expressed through saccadic eye movements in controlled visual tasks. To investigate how these findings translate
to natural behavior, we recorded neural activity from the parietal cortex, including LIP, in two freely moving
marmosets performing together a naturalistic food-retrieval task in which food treats were handed to the
animals. In this setting, visual attention unfolds within a rich behavioral context involving head movements, body
orienting, tracking approaching treats, and social interactions between animals.

Preliminary analyses reveal neurons whose activity is associated with visual attention directed toward the treat,
motion of the treat as it approaches the animal, treat consumption, and rapid head-orienting movements (“head
saccades”). These responses are consistent with the known role of the parietal cortex in attention and orienting
behavior, while demonstrating how these signals appear during naturalistic behavior where multiple sensory,
motor, and social factors occur simultaneously.

Together, these findings illustrate how established parietal mechanisms operate during real-world spatial
behavior, and highlight the contribution of naturalistic neuroscience to understanding brain function.
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What visual scenes and other sensory inputs tell us about our head direction (HD) is context-dependent and
needs to be re-learned upon changes in context. For example, trees to the right might indicate facing northwards
in one context, and westwards in another. As sensory inputs are often noisy and context changes stochastic,
arbitrating between learning stable HD-sensory mappings and re-learning them upon context changes requires
probabilistic inference under uncertainty. Indeed, experiments in mice and Drosophila have revealed that, after
periods of darkness, a coherent visual scene rotation sometimes causes the animal to rotate their internal HD
estimates accordingly, while at other times is perceived as a context change that triggers re-learning of
HD-sensory associations. However, how the different uncertainties involved in this process ought to trade-off
remains unknown. To address this question, we formulated the learning problem as a Bayesian causal inference
problem, in which the learner needs to continuously discriminate whether differences between the observed
and previously learned visual scenes are due to noise or a context change. The resulting ideal observer could
successfully learn and re-learn HD-sensory mappings, even for very noisy visual scenes. The learner also
replicated the aforementioned experimental findings of inhomogeneous responses to visual scene rotations.
When reduced to a synaptic plasticity rule, our model predicts uncertainty- modulated learning rates that
depend on observation noise, context change rate and levels of contrast in the visual input. Our model
outperforms non-adaptive learning alternatives. Furthermore, it predicts that the memory of HD-visual scene
associations vanishes with time spent in highly uncertain conditions (e.g. darkness). Thus, our work makes
principled testable predictions for how learning in the HD system should depend on environmental statistics, and
how they ought to be reflected in animal behavior.
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Spatial navigation tasks have been proposed as sensitive tools for detecting early behavioral markers in the
preclinical stages of Alzheimer’s disease. The APOE-€4 allele is the strongest genetic risk factor for AD and
previous studies have reported differences in navigation behavior among carriers. However, findings have been
mixed, with some studies suggesting deficits and others indicating altered navigational strategies. To better
characterize navigation behavior in individuals at genetic risk, we assessed performance across five virtual
navigation tasks in a single cohort of young adults (mean age = 21). Contrary to previous reports, APOE4 carriers
outperformed non-carriers in specific tasks. In particular, carriers showed better object—location memory in a
spatial learning task and superior performance in a homing task when spatial cues were available. No genotype
differences were observed for homing without cues or for wayfinding performance. Across tasks, performance
and the reliance on spatial cues were correlated. An exploratory factor analysis further revealed two latent
factors, one of which was increased in APOE-£4 carriers and was associated with both self-reported allocentric
and egocentric navigation strategy use. These findings suggest that, in young adults, APOE-€4 may confer
advantages in navigation contexts where spatial cues are available and flexible strategies can be applied. This
pattern is consistent with the hypothesis of antagonistic pleiotropy, whereby APOE-£4 may provide cognitive
benefits earlier in life while increasing the risk for neurodegeneration later.
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Tau pathology in the entorhinal cortex (EC) is associated with spatial memory decline in aging and early-stage
Alzheimer’s disease, but its impact on EC computations during spatial learning is not well understood. To address
this question, we performed longitudinal two-photon calcium imaging of layer 2 excitatory neurons in the medial
EC (MEC) of PS19 tauopathy mice over 10 days of an operant spatial learning task. We further conducted
comprehensive analyses linking MEC neural activity, tau pathology, and spatial learning performance.

Male PS19 mice showed marked learning impairments accompanied by dysregulated MEC activity and unstable
spatial coding. Neural representations were selectively weakened in cue-poor relative to cue-rich regions, and
this deficit was correlated with attenuated speed modulation. These changes suggest that impaired path
integration destabilizes MEC spatial maps, leading to impaired spatial memory. In contrast, female PS19 mice
exhibited only mild behavioral and neural deficits despite a comparable tau burden, suggesting sex-specific
resilience.

At the cellular level, pyramidal cells accumulated more phosphorylated tau than stellate cells and displayed the
most severe functional disruption, linking cellular tau load to circuit dysfunction. General linear models based on
MEC activity features reliably predicted learning performance across both wild-type and PS19 mice, with
particularly strong contributions from non-grid and pyramidal cells, underscoring the tight coupling between
MEC dynamics and spatial memory. Moreover, MEC activity features accurately classified PS19 versus wild-type
mice, highlighting their potential as functional biomarkers for tau pathology-associated memory deficits.

Together, these findings identify aberrant EC dynamics as a key circuit mechanism underlying tau-related spatial
memory impairment and point toward early diagnostic and circuit-targeted therapeutic strategies.
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To form cognitive maps and support spatial orientation, visual information from the environment is conveyed
from the visual cortex to the hippocampus via a ventromedial visual pathway and key components of the human
navigation network, including the parahippocampal and retrosplenial cortices. Here, we investigated how this
system reorganizes following blindness and which brain regions support the formation of non-visual cognitive
maps in blind individuals.

Thirty-three participants (10 early blind, 8 late blind, and 15 blindfolded sighted controls) underwent functional
MRI while performing a novel audio-based navigation paradigm designed to dissociate cognitive map formation
from their use during navigation. While in the scanner, participants learned the layout of a tactile maze and
repeatedly performed pointing (estimating directions between locations) and navigation (reaching locations)
tasks in a virtual version of the maze. Cognitive map formation was therefore quantified through performance
measures collected at several stages of learning.

Behaviorally, blind participants showed slower learning rates and greater interindividual variability in navigation
performance than sighted controls. At the neural level, regions of the ventromedial visual pathway (including
ventromedial visual areas, the parahippocampus, and the hippocampus) were activated in all groups during
maze learning and virtual navigation, and activity in these regions correlated with navigation performance.
However, unlike sighted participants, blind individuals did not show co-activation between these regions and the
retrosplenial complex.

These findings demonstrate experience-dependent neuroplastic reorganization within the brain’s navigation
network following blindness. They further suggest that the functional role of the retrosplenial complex may be
altered in the absence of visual experience, providing new insight into the neural mechanisms supporting spatial
orientation without vision.
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Spatial information from different sources is thought to be integrated to form a coherent memory for spaces to
guide navigation behaviour. The format of spatial memory is debated, however. A cognitive map that is arranged
according to a globally consistent reference frame and uses a Euclidean metric is the dominant theory. A
cognitive graph labelled with metric information is proposed as an alternative, which does not assume a
Euclidean metric or global consistency between different spatial relations. To contrast these theories, we tested
100 participants with 128-channel EEG recording on a non-Euclidean route memory task either in a mobile VR
setup or a desktop setup using a keyboard for movement. The task involved learning a route, reproducing the
route, and estimating direct landmark-landmark survey relationships. Routes were manipulated in a 2x2 design
where either the path distances or turning angles were possible or impossible given the overall route topology.
Route reproductions were classified according to the predictions of map or graph theories and showed a mix of
behaviours. Manipulation of distance information was more prone to produce behaviour consistent with the
predictions of a graph whilst manipulation of route turning angles produced behaviour more consistent with a
map. When contrasting response modalities, the provision of full body motion in the VR condition contributed to
more graph-like responses whilst the stationary setup yielded more map-like responses. Spectral analyses of EEG
data revealed variations of frontal theta and posterior alpha power depending on the environmental geometry
and the representational format used, showing that cortical activity during navigation is dynamically changing
and that cognitive systems are flexibly deployed during spatial learning and recall. Together, the data from this
study supports a multi-representational perspective where spatial memory is adaptively reorganised in different
formats during navigation.
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Schemas enable generalization across related experiences, but it remains unclear how they can be acquired
rapidly in biologically plausible circuits. We present a biologically inspired systems model in which rapid schema
formation emerges from hippocampal (HPC) prefrontal (mPFC) interactions. Rather than associating co-occurring
sensory features, we leverage extant hierarchical concept representations to reframe schema learning as
identifying the relevant levels of abstraction across event components/features.

Features at different abstraction levels co-occur systematically, causing pure associative learning to
over-generalize. In our model, current event representations and recalled schema-consistent memories from
HPC converge onto separate dendritic compartments of mPFC assemblies at opposite theta phases. This enables
a mismatch-driven learning rule that strengthens predictive features and suppresses misleading alternatives.
Dopamine-gated plasticity links emerging mPFC schema representations to specific HPC memories, while
competition between mPFC attractors resolves overlap across hierarchy levels. Across repeated theta cycles, an
initial coarse schema is progressively refined.

In simulations, the model selects the task-relevant abstraction level, removes spurious associations due to
feature co-occurrence, and supports transfer without over/under-generalization. Schemas emerge on the order
of tens of exposures to task relevant events. Assimilation of new schema-consistent information and
accommodation to novel events is achieved through the updating of previously learned associations. These
results provide a mechanistic account of rapid schema formation in an HPC—mPFC circuit, generate testable
predictions, and offer an alternative to accounts based solely on gradual statistical learning. Our framework may
provide a common computational logic that extends to spatial settings, e.g, to set stereotypical goals across
navigation episodes.
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Mild Cognitive Impairment (MCIl) is associated to structural changes in the hippocampus, a region critical for
spatial navigation based on cognitive maps. As such, spatial memory tasks can be particularly sensitive to detect
functional changes in the hippocampus in the early stages of MCI. In this study we investigated whether a
rodent-derived task could serve as a more accessible yet sensitive assessment for this population. We evaluated
33 MCI participants aged 55 and older using a neuropsychological test battery including the Montreal Cognitive
Assessment (MoCA), as well as two computerized radial maze tests. The Go/No-Go (GNG) virtual radial-maze
task presents one arm at a time during acquisition, followed by a probe trial where two adjacent paths are
presented simultaneously. The Concurrent Spatial Discrimination Learning Task (CSDLT) is a 12-arm radial-maze
that requires participants to learn which of two pathways contain an object, followed by a probe trial that
recombines pairs to assess the participant’s flexibility to find target objects placed in the same locations, but
viewed from a novel perspective. Results show that the GNG task is an easier, more manageable task for MCl
participants, with 20% more participants successfully reaching performance criterion compared to the CSDLT.
Additionally, the number of trials to reach learning criterion in both tests significantly correlated with each other
(r=0.622, p <0.001) and with MoCA scores (GNG: r =-0.387, p < 0.05; CSDLT: r =-0.493, p < 0.01), suggesting
that both are sensitive to cognitive decline. Moreover, there was a correlational trend in percentage of correct
target objects found in the probe trials of the GNG and CSDLT tasks (p = 0.056). When considering the higher
completion rate, results suggest that the GNG task is a promising tool for evaluating spatial navigation deficits in
MCI patients, though further data are required to demonstrate its clinical sensitivity.
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Contextual disambiguation and prevention of interference are key for successful navigation. Place cell remapping
supports efficient spatial encoding and is widely believed to encode contextual specificity. Recent work shows
that place cells in CA1 exhibit multiple place fields in large environments [1,2]. Multiscale and multiple place
fields appear to enable more efficient spatial encoding, allowing accurate position decoding with fewer neurons
[1]. However, an often overlooked phenomenon is that multiple place cells encode the same spatial position. We
hypothesize that these cells remap independently, to improve disambiguation and efficiency.

We model associative memory with stacks of place cells representing the same position and show that
independent remapping of cells in a stack mitigates interference, i.e. the incorrect retrieval of past associations.
Increasing the stack size reduces the probability of falsely recalled associations, at the cost of reduced encoding
capacity. A trade-off between encoding efficiency and the number of required place fields was previously
demonstrated [1] for a single environment. We show that across environments larger stacks reduce false recall
under independent remapping.

Comparing independent with dependent remapping regimes in which cells within a stack remap coherently to
the same location across environments, we find that independent remapping substantially reduces interference
relative to this coherent remapping case, highlighting the computational advantage of independently remapping
place-cell stacks. Re-conceptualizing place fields as stacks mitigates loss of position specificity at the single cell
level seen in small and large environments. The effect is stronger in large environments due to a higher
proportion of cells with multiple place fields across environments, and suggests how a place-unique code can be
maintained across environments.

Refs:

1. Eliav.Science,2021.
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Path integration (PI) enables organisms to update their position estimate from self-motion. A critical component
of linear Pl is the encoding of movement speed. Previous animal work has identified speed-sensitive signals in
entorhinal circuits during movement, whereas visual motion-sensitive regions may contribute optic-flow-based
information about displacement speed. Yet it remains unclear how movement speed is represented across these
systems at the macroscopic level in humans. To probe this, we combined fMRI with a virtual reality-based linear
Pl task in a sample of healthy young adults. Participants experienced translations at four speed levels and
estimated the distance traveled after each movement, allowing us to assess distance estimation, univariate BOLD
modulation by speed, and multivariate representational similarity patterns across speed levels and movement
phases. Analyses focused on visual (hMT+) and entorhinal regions to compare sensory and medial temporal
contributions to self-motion processing. Behaviorally, participants showed reliable distance estimation across
speed levels, but responses were compressed toward the center of the experienced range. Univariate fMRI
analyses revealed positive speed modulation in hMT+ and negative speed modulation in entorhinal regions,
indicating regionally distinct response profiles. Multivariate analyses further revealed representational similarity
patterns that scaled with speed, indicating that displacement speed information was present in distributed
activity patterns. These effects differed across regions and movement phases, suggesting partly differential
encoding of self-motion information in visual vs. medial temporal areas. Together, these findings suggest that
virtual linear PI elicits measurable speed-related neural representations in the human brain, providing a basis for
future work on how movement speed interacts with spatial representations.
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Knowledge of the environmental barriers and objects is key for navigation and memory. Vectorial codes for
geometric features have been reported in the subiculum, however their origin remains unclear. Models simply
stipulate boundary or object selectivity without explanation. Boundary vector cells (BVCs) encode allocentric
distances and directions to walls, drops, and objects. Corner cells fire selectively when the animal is near a
corner\object. Axis-tuned neurons encode reference axis of trajectories. Here we propose a framework to unify
all of these subicular cells in a single theoretical account. We propose that these and other (including
non-spatial) subicular cell types are essentially discontinuity detectors, signaling salient changes of experience,
each cell type sampling different combinations of discontinuities from upstream areas. In the spatial domain,
such discontinuities can be modelled by considering surface normals. By extending the classical 2D receptive
fields to three dimensions, a BVC manifests as a discontinuity from the floor to the vertical surface, capturing
BVCs' response of walls, drops, and objects. Corner cells are identified by the discontinuities between adjacent
vertical surfaces, and continuously varying normal vectors on smooth surfaces explain convexity and concavity
coding for objects and peripheral walls. The generality of the theory enables prediction of subicular activity in
natural environments with noisy information. In non-spatial domains, we reproduce axis tuning from
discontinuities in velocity vectors, and BVC responses to stripes from discontinuities in color/texture space.
Finally, event boundaries can be computed from discontinuities in neural population activity. That the model
captures this diversity of neural activity, suggests that discontinuity detection is not merely a mathematical proxy
and may reflect a general coding principle in subiculum, consistent with a nuanced reframing of hippocampal
memory.
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Many species have an internal compass: a set of recurrently connected neurons that combine motor feedback,
vestibular signals, and external cues to compute the animal’s heading direction. In Drosophila melanogaster, for
instance, the central complex contains three anatomically separate neuron rings. Two rings receive
countervailing velocity signals that shift neuronal activity bumps around all three rings. We can show that the
zebrafish, for which only a single anatomical "ring” has been discovered, harbors three intermingled rings,
including two "hidden” shifter rings. The activity bump in all three functional rings can overlap perfectly, as we
prove formally, making the rings hard to distinguish except through an entirely different phenomenon: the joint
tuning of head-direction (HD) cells to both HD and angular velocity. This feature of conjunctive tuning stands in
contrast to many theories that model the activity bump as a "continuous attractor" whose shape remains
invariant under movement, with careful calibration required for the angular velocity signals to accurately shift
the activity bump along the ring. Curiously, many putative HD neurons in zebrafish exhibit V-shaped velocity
tuning, whereas other HD cells show a significantly skewed response towards either left- or rightward
motion--modeling shows that these latter cells act as shifter neurons. Mathematically, we show that increased
bump amplitude should be antagonistic to bump motility, but activity bump movement could be facilitated by
neuronal firing rate adaptation, which in turn might cause the HD cells to acquire V-shaped angular velocity
tuning.
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Spatial navigation strategies rely on distinct memory systems involving the caudate nucleus and the
hippocampus. However, little is known about the impact of childhood spatial navigation strategies on cognitive,
behavioral, and emotional outcomes during adolescence. This study aimed to examine whether spatial
navigation strategies at age 8 predict substance use, externalizing behaviors, and depressive symptoms in
adolescence. A total of 277 children from the Quebec Newborn Twin Study completed the 4-on-8 Virtual Maze
task at age 8 to assess whether their spontaneous navigational strategies was primarily spatial
(hippocampus-dependent) or response (caudate nucleus-dependent). At ages 15 and 17, participants were
assessed for behavioral problems, substance use, and depressive symptoms. While navigation strategy type did
not significantly predict the variables of interest, post hoc analyses due to our a priori hypotheses revealed that
learning efficiency, measured by the number of trials required to reach criterion in the 4-on-8 Virtual Maze task,
predicted greater tobacco use and externalizing (aggressive) behaviors at age 15, as well as increased depressive
symptoms at age 17. These findings suggest that general learning efficiency in childhood, rather than specific
navigation strategies, may represent an early marker of vulnerability to later emotional and behavioral
difficulties.
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89: Predictive learning induces Bayesian cognitive maps in the hippocampus
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Navigation requires perception: location must be inferred from noisy and ambiguous egocentric sensory inputs,
as in visual estimation of distance. However, many classical models of spatial representation implicitly assume
that allocentric location is directly observable, thereby neglecting perceptual uncertainty. Here, we compare
such a model with a Bayesian ideal observer that explicitly incorporates perceptual inference. We find that the
Bayesian observer's beliefs over location more accurately reproduce key properties of place cell activity,
including place field width, area, and density, within and across environments. Using analytic arguments and
numerical simulations, we show that recurrent neural networks trained to predict the next egocentric sensory
input learn representations resembling Bayesian beliefs and yield place cell-like activity in both familiar and
unfamiliar environments, outperforming autoencoders trained to reproduce the current input. Together, these
results suggest that hippocampal circuits may construct Bayesian cognitive maps from experience through
predictive perceptual learning.
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Humans and animals have an impressive ability to extract knowledge structures, called schemas, and specific
details from complex real-world events. This skill helps them apply what they learn to different settings and
make sense of situations based on the context. We investigated how two brain areas in macaque monkeys—the
hippocampus (HPC) and the orbitofrontal cortex (OFC)—team up to break down events during challenging,
lifelike tasks. To study this, we designed a unique task where the monkeys navigated in the combination of two
kinds of spaces: a physical one in an open area and an abstract one based on the order of certain cues. Using
chronically implanted microdrives, we recorded neuronal activity in HPC and OFC while monitoring the monkeys’
head and gaze stances. The monkeys demonstrated robust behavioral flexibility, achieving a success rate above
75% . Neurons in both HPC and OFC hierarchically decomposed events into subgoals and goals, with tuning for
fine-scale subgoal bins and coarse-scale task stages generalizing across cue contexts, suggesting abstract event
representations beyond specific sensory cues.

Time-resolved decoding across event transitions further revealed complementary coding dynamics in HPC and
OFC.Both regions encoded task-order and spatial information, with task-order representations dynamically
evolving over time in both areas. In HPC, spatial representations also changed rapidly across subgoal boundaries,
consistent with dynamic event segmentation and state updating. In contrast, OFC maintained temporally
generalized spatial representations spanning pre- and post-touch periods, suggesting stable coding of
goal-relevant spatial context that bridged adjacent subgoals. Together, these results indicate complementary
roles of HPC and OFC in organizing hierarchical event structure during naturalistic behavior.
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