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5Beyond artwork: more challenging

Molecular causality in the advent of foundation models
Lobentanzer+ 2024, Mol Sys Bio, https://doi.org/10.1038/s44320-024-00041-w
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Agentic AI systems 9

Autonomous systemsleveraging Large 
Language Models (LLMs) to plan, reason, 
and execute tasks without continuous 

human intervention.
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ÅOpenAI, Anthropic

Åά{ƻƭǾƛƴƎ tƘ5-ƭŜǾŜƭ ǉǳŜǎǘƛƻƴǎέ

ÅFutureHouse

ÅάAutomating scientific discoveryέ

ÅVirtual Lab, Hypothesis Hunting, Agentic Sequential 
Falsifications

ÅAutomating or simulating the scientific process

ÅBiomni, ToolUniverse

ÅAutomating technical tasks in computational 
biology

ÅMany specialised agents (ChemCrow, ProtAgents)

Automation of science

https://arxiv.org/abs/2511.02824
https://www.nature.com/articles/s41586-025-09442-9
https://www.nature.com/articles/s41586-025-09442-9
https://arxiv.org/html/2510.08619v1
https://arxiv.org/abs/2502.09858
https://arxiv.org/abs/2502.09858
https://www.biorxiv.org/content/10.1101/2025.05.30.656746v1
https://www.biorxiv.org/content/10.1101/2025.05.30.656746v1
https://arxiv.org/abs/2509.23426v2
https://www.nature.com/articles/s42256-024-00832-8
https://pubs.rsc.org/en/content/articlehtml/2024/dd/d4dd00013g
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ÅPrediction is very difficult, especially about the future. 
τNiels Bohr (probably)

ÅAGI around the corner? (likely just marketing)

ÅDifficulty concordanceΥ ǿƘŀǘ ƛǎ άŜŀǎȅέ ŦƻǊ ŀ ƘǳƳŀƴ 
does not translate to LLMs

ÅFine-ǘǳƴƛƴƎ ŀƴŘ w[IC όάŀƭƛƎƴƳŜƴǘέύ ŘŜǎǘǊƻȅ 
calibration and trust

ÅάtƘ5-ƭŜǾŜƭ ǉǳŜǎǘƛƻƴǎέ ŀƴŘ ǘǊƛǾƛŀƭ ǘŀǎƪǎ Ŧŀƛƭ ŀǘ 
alarmingly similar rates

ÅDƻƻŘƘŀǊǘΩǎ ƭŀǿ: the metric has become the target

ÅSymbolic benchmarksreveal instability of LLMs to 
variations that would not confuse humans at all

How much is there to it?

https://www.nature.com/articles/d41586-025-00649-4
https://www.nature.com/articles/s41586-024-07930-y
https://www.nature.com/articles/s41586-024-07930-y
https://en.wikipedia.org/wiki/Goodhart%27s_law
https://en.wikipedia.org/wiki/Goodhart%27s_law
https://arxiv.org/html/2410.05229v1
https://arxiv.org/html/2410.05229v1


A question of trust 14

Sacra / Jan-Erik Asplund
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ÅIllusion of thinking

ÅBehaviour incompatiblewith genuine reasoning

ÅIllusion of understanding

ÅMonoculture alignment, dimensionality bottleneck

ÅIllusion of readiness

ÅDifference between artificial test settings and the 
real world

ÅBottom line, they cheat
(extremely good pattern recognition)

ÅPharmacy exam: probing students instead of 
focussing on a one-ŘƛƳŜƴǎƛƻƴŀƭ άƭƻǎǎ ŦǳƴŎǘƛƻƴέ

Barriers to epistemic transparency

https://arxiv.org/abs/2506.06941
https://www.nature.com/articles/s41586-024-07930-y
https://www.nature.com/articles/s41586-024-07146-0
https://arxiv.org/abs/2509.18234


https://arxiv.org/abs/2509.18234
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ÅPerformance gaphas been closed by LLMs

ÅNow, the bottleneck is epistemic trust:

ÅHow do we knowwhyan answer was retrieved 
or generated?

ÅHow do we calibratethe system with 
confidence?

Barriers to epistemic transparency



All happy families are alike; each unhappy family is 
unhappy in its own way.

τ[Ŝƻ ¢ƻƭǎǘƻȅΣ ά!ƴƴŀ YŀǊŜƴƛƴŀέ



Benchmarking thenτVox populi

Galton 1907, Nature, https://doi.org/10.1038/075414a

1198 lb

1207 lb

1074 lb

1293 lb

https://doi.org/10.1038/075414a0


Benchmarking now (e.g., LLMs) 20

Fuellen+ 2025, Ageing Research Reviews
Jarchow+ 2025, npj digital medicine

Ask any 
question

Get any 
answer

Human 
evaluation

Useful?

Correct?
Human 

evaluation

Safe?
Human 

evaluation

Real
world

Problem:
not scalable

Domain
experts( )

https://www.sciencedirect.com/science/article/pii/S1568163724004355
https://www.preprints.org/manuscript/202504.2458/v1
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ÅSet out five requirements (dimensions)

ÅCreate domain expertise-driven modular 
benchmark items (25 synthetic cases)

ÅCombinatorial run (56 000 responses)

ÅAutomated evaluation by LLM-as-a-judge
(280 000 judgments)

ÅHigh inter-rater agreement with
ƘǳƳŀƴ ό/ƻƘŜƴΩǎ ƪŀǇǇŀ ƻƴ мллл
random samples of judgments)

Benchmarking ageing interventions

Fuellen+ 2025, Ageing Research Reviews
Jarchow+ 2025, npj Digital Medicine

https://www.sciencedirect.com/science/article/pii/S1568163724004355
https://doi.org/10.1038/s41746-025-01996-2


Karenina brings the mountain to the prophet: intuitive benchmarking for domain 
experts, best practices and machine learning principles in software form.

KareninaτAccessible Benchmarking

Question

Answer

Human 
curation

Human 
curation

LLM assistance

Evaluation 
protocols

LLM Judge

LLM Judge

LLM Judge

Χ
, Carli+, In Preparation

LLM-accessible Scaling
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New de-facto standard for tool descriptions

ÅBinding tools to LLMs reduces fragility of LLM returns

ÅAgents interact with validated external resources via 
standard protocols

Åά²Ƙŀǘ ƛǎ онрл Ȅ упфсΚέ

ÅAdvantages: connection to validated domain-specific 
ŘŀǘŀōŀǎŜǎ ŀƴŘ ǘƻƻƭǎ Ҧ ƭŜǎǎ ǇǊƻōŀōƛƭƛǎƳ

ÅDisadvantages: requires adequate tooling and strict 
protocol adherence

Model Context Protocol (MCP)



24The BioContext MCP Registry

Kuehl+ 2025, Nature Biotechnology, (https://biocontext.ai)

https://biocontext.ai/

