Metacognition is latent in base models and

enhanced by post-training and fine-tuning

How do models know what they know?

Metacognitive structure is latent in base models. Post-training and fine-tuning make it more behaviorally available.

We operationalize metacognition as alignment between a model’s stated confidence and its answer certainty, as estimated from
output-distribution entropy, measured across two tasks: The Delegate Game and the Explicit Confidence Task.

Delegate Game

Explicit Confidence Task

Direct answer pass:

Which element has
atomic number 737
A. Hafnium
B. Tantalum
C. Tungsten
D. Niobium

N

Answer-option
probabilities:

Hafnium 0.27,
Tantalum 0.41,

Tungsten 0.21,
Niobium 0.11

Record top answer probability (41%)

Direct answer pass:
Answer-option
What is the capital — probabilities:
of South Korea?
A. Seoul ‘ @ @ ' Seoul 0.96,
B. Tokyo -t Tokyo 0.02,
%‘ ?(sil:: i Osaka 0.01,
i Kyoto 0.01

Record entropy. An easy question has low entropy

Separate delegate game pass:

Which element has
atomic number 737

Your teammate is correct
70% of the time. Would
you like to answer or
delegate to the
teammate?

—— Il Delegate.

Target decision: Top answer probability
(41%) < teammate accuracy (70%)

- I’'ll Answer.

Wrong decision: Model should only delegate
when its top probability < teammate accuracy

Separate confidence-report pass:

On a 1-10 scale
how confident are
you in getting
“What is the capital
of South Korea?”
correct?

— 10

Aligned confidence report: Congruent with
example’s entropy

— 2

Misaligned confidence report:
Incongruent with example’s entropy

Fine-tuning on Delegate Game (a binary task) generalizes to increased performance on the Explicit Confidence Task (a scalar task).

This suggests transterable self-evaluation, not just format learning.
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Stated confidence increasingly tracks answer certainty
derived from output entropy. This correlation exists in the
base model and rises across model stages.

steered directions
—®— answer-certainty
—®— confidence-report

0.3 -

0.2 A

0.1 -

0.0

—0.1 A

—0.2 -

A mean stated confidence

—0.3 A1

—0.4 -

—20

0

20 40

Steering multiplier a at layer 18

Causal evidence: steering shifts stated confidence. Ablating
either direction degrades confidence-certainty alignment
without affecting answer accuracy.
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The confidence-report direction becomes increasingly aligned with
the answer-uncertainty direction across model stages. The self-report
direction moves towards a more stable uncertainty direction.
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Probes trained to decode answer uncertainty from direct-answer
activations transfer more strongly to confidence-report
activations across model stages

Limitation: All experiments use Llama-3.1-8B. Future work should
test whether the effect generalizes across model families and scales.
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