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The Challenge

How to bring it all together?

Neuroscience research is fragmented and siloed by domains, scales, and
modalities. Results are mostly self-contained and disconnected.

We are overwhelmed with data and literature - to much to absorb. Talks or
posters at meetings and papers are heard or read by only a fraction who
might benefit from the results. This is far from optimal. No one individual or
group can even begin to keep up with. We need to curate and connect or
relate it all to build insight as well as perspective on the advances,
opportunities and gaps.
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Solutions?

Tools and

 Data across scales and doMqulis(o be integrated.

 Tools that connect and relate raw data across domains, scales, and modalities
need to be built and their use incentivized. Mechanistic Models that span spatial
and temporal scales need to be grown, tested, and iteratively refined. These
models need to complement the growth of Theoretical Frameworks.

* Tools that incorporate and curate reported findings to provide added perspective
and insight need to be built and their use incentivized. The literature needs to be
integrated and mapped through relationships within and across domains, scales,

and modalities.
(2 OHBM 2026



S. S. Ghosh, “An intelligent infrastructure as a foundation for modern science.”

ArXiv https://doi.org/10.48550/arXiv.2508.10051
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Data across the neuroscientific landscape
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https://arxiv.org/abs/2508.10051
https://arxiv.org/abs/2508.10051

Frictionless Reproducibility

In a 2024 Harvard Data Science Review essay, David Donoho introduced "Frictionless Reproducibility”
(FR) as a key accelerator of "computation-based research," observing Empirical Machine Learning's

(EML) progress through three characteristics:

Observable measures

[FR1] Data Resources 0 25 R TI =

Sensors
[FR2] Low Barriers g-’%" U e 1D 2o
[FR3] Platforms eve
Environment Medical
These factors are sociotechnical = o
in nature, representing a %Q n E:’ D %
threshold of "Singularity" that has Communication - Networks

allowed EML to advance rapidly. A

Introspective measures Interventions
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M. Senden, “The evolving landscape of neuroscience” Aperture
Neuro, 6: Sl 2, 2026 https://doi.org/10.52294/001c.156380
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The Evolving Landscape of Neuroscience

Publ\med

Numerous studses have used functional magnetss resonance imaging (IMRI) to characterae functional
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Quantitative trend analysis

Current Challenges

* Integrating Across Scales
* Understanding the Neuro-Immune Axis

* Mapping the Biology of Individual
Differences

* Cracking the Code that Links Circuits To
Behavior

* Turning Mechanistic Insights into Durable
Therapies

Qualitative trend analysis

Cluster interactions
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A Conceptual Toolkit For Theory

Thinking about theories
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G. Baracchini, E. Muller, J. Shine, “Bridging the
epistemological divide in neuroscience to improve
ontological clarity” Aperture Neuro, 5: Sl 1, 2025

https://doi.org/10.52294/001c.138841
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Ontological-Epistemological clash

Cellular/molecular
neuroscience

Experimental design
Recordings

systems-level
mechanisms

circuit-level

mechanisms gg—"r7
/%%“ ,ﬂ///i/

Model selection : .
Model plausibility /./ NN

= ,@ o
Computational Z A %;‘ ,\\,&Q
neuroscience % 4

Baracchini, Mdiller, Shine (2025) Aperture Neuro

Ontological
confluence

Cognitive/affective
neuroscience
/TN

Brain-behaviour
inferences

\ Pathology
W

\ descriptions

Translation
Prediction

Clinical
neuroscience

BOHBM 2026




Mapping out the neuroscientific landscape

work building on Senden (2026) Aperture Neuro in collaboration with Prof. Mac Shine and Sean Simunovic (USyd)
1. Visualising 64D space in 2D via UMAP: 2. Merging clusters into 5 main territories 3. Situating research question within
175 clusters identified this mapped out neuroscientific landscape

Human cognition (n=49,278/461,316)
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V. Calhoun. “Data-guided neuroimaging and visualization: from functional
decomposition to dynamic fusion.” Aperture Neuro, 5: Sl 1, 2025

https://doi.org/10.52294/001c.140427
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Bringing It Together Without Losing the Biology

Stay close to the data:

* Use the data to discover structure rather
than forcing early low-dimensional
summaries.

* Brain data are intrinsically high-dimensional,
overlapping, and spatiotemporal Premature
simplification can erase biologically
meaningful variation.

» Hybrid models (e.g., NeuroMark) can find a
balance between fully data driven (hard to
compare across studies and subjects) and J |
prespecified/binary ROls & G , &
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Integration through dynamics and fusion: The brain is spatiotemporal and
multimodal. Meaningful integration requires models that capture evolving states and

structured links across modalities, not just larger static feature sets.

Visual
Inspection

Data
Integration

Asymmetric
Fusion

Symmetric

Fusion

Goldilocks reduction

We need compact, interpretable intermediate representations — not raw complexity,
but not oversimplified summaries either. Hybrid approaches such as NeuroMark
preserve both correspondence and individual variation, also avoiding data leakage..

FNC for NeuroMark 2.2

Variation across two subjects

Subject 1 spatial map
Subject 2 spatial map
Overlap

‘Expressive’ V|suaI|zat|on as smentlflc scaffoldlng As models become more
complex, visualization becomes more important. The goal is to expose spatial,
temporal, and latent structure so models support dlscovery, not just prediction.
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V. D. Calhoun, "Data-guided neuroimaging and visualization: From functionél 1decombosition télthamic fusion," Aperture Neuro, vol. 5, 2025, PMC Journal - in process.
A. Iraji, A. Faghiri, N. Lewis, Z. Fu, S. Rachakonda, and V. D. Calhoun, "Tools of the trade: Estimating time-varying connectivity patterns from fMRI data," Soc Cogn Affect Neurosci, 2021
J. Sui, D. Zhi, and V. D. Calhoun, "Data-driven multimodal fusion: Approaches and applications in psychiatric research," Psychoradiology, vol. 3, p. kkad026, 2023.



Discussion Questions: Fusing Data and Relating Literature

The field is overwhelmed with fragmented Research and Data from different spatial and temporal scales as well
as modalities. The literature is also overwhelming - too much to follow for even subspecialties. We need ways
to curate, integrate, and draw insight and nuance from both.

e What are the best ways forward to integrate the research as well as to curate and relate the literature?
e What ideally would such infrastructures look like - in theory and in practice? What needs to change?

e Practically speaking, how might one efficiently glean data and literature relationships to establish mechanisms,
models, insights, meaning, and understanding?

e Theoretical frameworks and cross scale mechanistic models are fundamental to this effort. How might their
growth be catalyzed?

e Where and how do we start? What should be done now? How does it grow? Who decides how it grows? How
can it be incentivized?

e What role with Al play in all this?

e What might be the ultimate benefits from this effort?...or the costs if we don’t implement this?
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