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Remarkable progress on 
standard well-defined tasks
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Next frontier: open-ended tasks

“AlphaEvolve excels when problems can be 
framed as hill-climbing on a smooth score 
function, but struggles otherwise”

Creativity in open-ended tasks: outputs 
that are diverse and original
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Generate a challenging graduate-level problem 
on convex optimization involving duality

Generate a couple ideas for a grant 
proposal maybe putting together some 
ideas from reasoning and unlearning 

These are boring!

Correct, coherent but just not diverse and original
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Creativity is the ability to come up 
with ideas or artefacts that 
are new, surprising, and valuable

Ideas: Concepts, poems, musical 
compositions, scientific theories, 
recipes, choreography, jokes, etc.

Artefacts: Paintings, sculptures, steam 
engines, vacuum cleaners, pottery, 
origami, penny-whistles, etc.
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Lots of debate on “creativity” 
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What we do: 

We draw inspiration from two modes of creativity 
in cognitive science 

and design minimal, open-ended 
algorithmic tasks  

Where we can quantify creative limits 
of LLMs & highlight alternatives
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Consider wordplay

A clown held the door open for me.

What a nice jester!

“Creativity is the power to connect the seemingly unconnected” - William Plomer

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Consider wordplay

Wordplay: find a novel path over a 
known vocabulary graph

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

Boden terms this 
combinational creativity
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Combinational creativity

Unfamiliar combinations of familiar ideas

Human creativity in the prompt!
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Sibling discovery task

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

Generate new & valid sibling-parent triplets 
from the implicit graph

Training: valid triplets
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Combinational creativity tasks

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Exploratory creativity

Plan and devise novel patterns that 
obey a small set of rules

designing problems, deriving 
corollaries, generating molecules, 
crafting stories, new caricatures, 
limericks, sonnets etc. 

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Exploratory creativity tasks

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Eval metrics

Creativity is the fraction of generations that are 

            unique unseen    coherent  

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Next-token prediction

𝑥0

𝑥′1

𝑥0, 𝑥′1

𝑥′2

𝑥0, 𝑥′1, 𝑥′2

𝑥′3

𝑥0, 𝑥′1, 𝑥′2, 𝑥′3

𝑥′4

Autoregressive NTP modeling can 
represent any sequence 

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Next-token learning

Training sequence 

𝑥0

target =  𝑥1

𝑥0, 𝑥1 𝑥0, 𝑥1, 𝑥2 𝑥0, 𝑥1, 𝑥2, 𝑥3

target =  𝑥2 target =  𝑥3 target =  𝑥4

Learning to predict 𝒙𝟑 given 

ground truth 𝒙𝟎, 𝒙𝟏, 𝒙𝟐

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

Teacher forcing
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Results with next-token learning

Low creativity

High 
memorization

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Why does next-token learning fail?

Ideal 
factorization:

NT supervision

Token 1 Token 2 Token 3

Trivial shortcut: Model learns this instantly

Output mutual neighbor (lookup; no planning)

[Bachmann and Nagarajan. 2024]

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

 

   



ar-forum.github.io

Why does next-token learning fail?

Ideal 
factorization:

NT supervision

Token 1 Token 2 Token 3

[Bachmann and Nagarajan. 2024]

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

 

   

Stuck with learning this hard distribution

Model ends up memorizing
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What if we remove the shortcut?

𝑥0

tgt = 𝑥1

𝑥0 , $ 𝑥0, $, $ 𝑥0, $, $, $

tgt =  𝑥2 tgt =  𝑥3 tgt =  𝑥4

Teacherless training
[Bachmann and Nagarajan. 2024]

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Teacherless training results

Teacherless training is more creative 
than next-token learning

* We tune sampling 

hyperparams

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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What about diffusion models?

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

Diffusion models are more creative 
than next-token learning
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Paradigm shift: beyond 
next-token learning

#1 
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Diffusion language models are multi-token learning 
approaches and similarly boost creativity

Teacherless multi-token training improves creativity

Creative outputs are generated from an 

unobserved leap of thought

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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The mode collapse issue
Teacher less training 

prevents memorization

De-facto knob is temperature

Temperature 𝝉 diversity coherence

[See also Jahrens and Martinetz. 2025]

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Input vs output randomness

Fleshing out many thoughts

Output conditioning Seed conditioning

Fleshing out one thought 

at a time

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Bring randomness to the input

Standard

Seed-conditioned

Prefix random string per example during 

both training and inference

Different seeds can lead to different outputs

No drop in coherence as model can focus on one 
thought at a time…

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Naïve seed-conditioning 

Prepend a completely random string to each training example

Seed-conditioning with zero temperature (greedy) is 
comparable to temperature sampling in creativity  

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Naïve seed-conditioning 

Prepend a completely random string to each training example

Seed-conditioning can sometimes be the most 
creative method

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award
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Paradigm shift: diversity 
beyond temperature sampling

#2
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Back to the wordplay example..

Word play on twitter >> GPT-generations
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Sample 𝑘 traces independently & succeed if any one is correct

Standard training wastes samples due to low diversity

Mode-conditioning unlocks superior test-time scaling. WGR. ICLR 2026
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Extracting modes in real data

We get 4-8x inference-
sample efficiency gains

Train dataset: NuminaMath
Eval dataset: MATH500

Training data → gradient features → cluster → mode labels 
→ ModC training → balanced inference

* No aux information

Mode-conditioning unlocks superior test-time scaling. WGR. ICLR 2026
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Extracting modes in real data
Training data → gradient features → cluster → mode labels 
→ ModC training → balanced inference

Mode-conditioning unlocks superior test-time scaling. WGR. ICLR 2026

Better starting point for RL

* Beats baseline SFT even at large 

k unlike standard approaches
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Annotations mitigate post-training collapse. ICML 2026 (in collaboration with Apple)
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Talk outline

Setup of creative tasks

Bottlenecks in current paradigms

At-scale results from my group

Conclusion
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Summary: open-ended creativity 

Identified and addressed two orthogonal failures 
of current paradigms for creative tasks

Roll the dice & look before you leap. NWDR. ICML 2025. Outstanding Paper Award

• Next-token learning vs multi-token learning 

• Seed-conditioning as an alternative to temperature sampling
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Remarks and future work

• Benchmarks for visual creativity

• What is the right (combination of) learning objectives for visual 
creativity? 

• Should we anchor beyond language?

• Boden’s transformational creativity

Change the rules of the game entirely!

•Should we make AI more creative?
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Thanks!

Vaishnavh Nagarajan Chen Wu Charles Ding Sachin Goyal
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Talk outline

Evaluation in the wild

Reliability from the ground up 

Creativity in open-ended tasks

Overview of
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Natural distribution shifts

Pretraining Fine-tuning

Regularize fine-tuning appropriately to preserve 
relevant pretrained knowledge

Pretraining data is large-scale and diverse 
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Robust fine-tuning

Theoretically principled approaches to achieve state-of-the-art in

         Robustness to distribution shifts [KRJML ICLR 2022, GKGKR CVPR 2023]

         LLM embeddings [SKFNR ICLR 2025]

         Reasoning with LLMs [DBWKR COLM 2025]

Regularize fine-tuning appropriately to preserve 
relevant pretrained knowledge
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In this talk 

Pretraining Fine-tuning

to disentangle memorization and generalization 

Rethinking pretraining
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Can AI be creative?
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In this talk
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