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From a very recent research paper:

The new standard!



My long-term goals are:

•understand how intelligence can emerge in machines as it does in biological organisms;

•create machines that are more adaptive, alive, and generally intelligent.

https://www.nichele.eu/lab.html

https://www.nichele.eu/lab.html


Services

• Member of the Board of Directors of NORA (Norwegian Artificial Intelligence Research Consortium) (2022-26)

• Member of Expert Committee on Artificial General Intelligence, Norwegian Board of Technology (2025-)

• Member of ISAL (International Society for Artificial Life)

• Member of ELLIS (European Laboratory for Learning and Intelligent Systems)

• Senior Member of IEEE

• Chair of IEEE CIS Task Force on Artificial Life and Complex Adaptive Systems (2022-26)

• External advisor for Bachelor and Master programs in Robotics at the University of Oslo (2023-ongoing)

https://www.nora.ai/
https://teknologiradet.no/project/scenarioer-for-kraftig-kunstig-intelligens/
https://teknologiradet.no/project/scenarioer-for-kraftig-kunstig-intelligens/
https://alife.org/
https://ellis.eu/
https://www.ieee.org/index.html
https://bingdev.binghamton.edu/sayama/IEEE-ALIFE-TF.html


What is biological intelligence? 

https://www.youtube.com/watch?v=y20unu60OaI&list=PL2Yl1C0VZgBY5OzgZsVNWz9od1XTvg85p&index=22

https://www.youtube.com/watch?v=y20unu60OaI&list=PL2Yl1C0VZgBY5OzgZsVNWz9od1XTvg85p&index=22


Micro-Electrode Array (MEA) technology



2024 Distinguished Early-Career Investigator Award 

by the International Society for Artificial Life

2019 Young Research Talent Award 

by the Norwegian Research Council (NFR)

Awards



Why now?

Generative AI has reached a tipping point (LLMs, diffusion models).

Relevance for PhDs: AI impacts not only research topics but also how research is conducted.

What does it mean to “think with AI” as a researcher in 2025?
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What is AI?



AI history
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AI is not a hype longer, it is a Nobel prize worthy tech!



From Rules → Statistics → Representation Learning
Key shift: models learn patterns from data rather than being explicitly programmed.

Neural Networks & Deep Learning
Intuition: layers of transformations, approximating complex functions.

Key takeaway: AI is about general-purpose pattern learners that can be adapted to 
many tasks.



Dendrites
receive input

Soma 
integrates inputs

Axon
conducts signal

Axon terminal 
outputs signal

~100 billion neurons
~700 trillion synapses
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Artificial Neural Networks (AKA Deep Learning)



Large Language Models (LLMs), such as ChatGPT

• Very large neural networks 

• Trained on very large corpora: all the Internet

• Next word (token) prediction

• Pick a text, remove a part, input the first part and predict the second part 
word by word, adjust the network until it predicts correctly, repeat

• Next word prediction forces the neural network to learn statistical 
correlations from the training data
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GenAI (ChatGPT & other Autoregressive models)

Training (70B modell)

Inference (usage)
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AI enables scientific discoveries in other domains

AlphaFold

Nature. 2021; 596(7873): 583–589

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8371605/


AI in Doctoral Education

How AI transforms the learning and training process:

Research Skills Development
Literature discovery & synthesis (semantic search, LLM-assisted summarization).
Coding and data analysis assistants (copilots, automated data wrangling).
Writing support (drafting, style adaptation, multilingual translation).

Pedagogical Opportunities
Adaptive tutoring for methods courses (statistics, programming, methodology).
Personalized feedback loops in scientific writing or research design.
Simulation-based learning (agent-based models, synthetic datasets).

Institutional Benefits
Scaffolding students with uneven backgrounds.
Reducing supervision bottlenecks (e.g., automated formative feedback).



AI in Research Practice

How AI can be used in research workflows:

Data-Centric Applications
Natural sciences: image recognition, signal processing, bioinformatics.
Social sciences & humanities: NLP for corpus analysis, qualitative coding support.

Generative Use Cases
Hypothesis generation & idea exploration.
Simulation of experimental data or synthetic populations.
Molecular or material design (diffusion models, reinforcement learning).

Cross-Disciplinary Examples
AI in climate modelling, medical diagnostics, policy analysis.
New “AI-native” research fields (e.g., interpretability studies, algorithmic fairness).



Risks, Challenges, and Critical Literacy

Bias, reproducibility, and opacity: models are powerful but inscrutable (for now).

Academic integrity: ownership of ideas, transparency of tool use.

Over-reliance risk: AI as support, not replacement, for scholarly reasoning.

Need for critical AI literacy: PhDs* should understand limitations as well as possibilities.

* all of us, actually!



Conclusion & Reflection

Take-home message:
Modern AI = scalable pattern learners with transformative generality.
For doctoral education: AI is a new infrastructure for learning, supervision, and 
research execution.
Success requires balanced integration: technical use + critical awareness.

How do we prepare the next generation of researchers to harness AI responsibly, 
creatively, and critically?



Bonus

The AI scientist: Towards Fully Automated Open-Ended Scientific Discovery
Lu et al., 2024, https://arxiv.org/pdf/2408.06292

Here are some example papers generated by The AI Scientist:
DualScale Diffusion: Adaptive Feature Balancing for Low-Dimensional Generative Models
Multi-scale Grid Noise Adaptation: Enhancing Diffusion Models For Low-dimensional Data
GAN-Enhanced Diffusion: Boosting Sample Quality and Diversity
DualDiff: Enhancing Mode Capture in Low-dimensional Diffusion Models via Dual-expert Denoising
StyleFusion: Adaptive Multi-style Generation in Character-Level Language Models
Adaptive Learning Rates for Transformers via Q-Learning
Unlocking Grokking: A Comparative Study of Weight Initialization Strategies in Transformer Models
Grokking Accelerated: Layer-wise Learning Rates for Transformer Generalization
Grokking Through Compression: Unveiling Sudden Generalization via Minimal Description Length
Accelerating Mathematical Insight: Boosting Grokking Through Strategic Data Augmentation

https://arxiv.org/pdf/2408.06292
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/adaptive_dual_scale_denoising.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/adaptive_dual_scale_denoising.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/adaptive_dual_scale_denoising.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/grid_based_noise_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/grid_based_noise_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/grid_based_noise_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/grid_based_noise_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/grid_based_noise_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/gan_diffusion.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/gan_diffusion.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/gan_diffusion.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/dual_expert_denoiser.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/dual_expert_denoiser.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/dual_expert_denoiser.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/dual_expert_denoiser.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/dual_expert_denoiser.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/multi_style_adapter.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/multi_style_adapter.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/multi_style_adapter.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/multi_style_adapter.pdf
https://github.com/SakanaAI/AI-Scientist/blob/main/example_papers/multi_style_adapter.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/rl_lr_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/rl_lr_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/rl_lr_adaptation.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/weight_initialization_grokking.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/layerwise_lr_grokking.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/layerwise_lr_grokking.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/layerwise_lr_grokking.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/mdl_grokking_correlation.pdf
https://github.com/SakanaAI/AI-Scientist/tree/main/example_papers/data_augmentation_grokking.pdf
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