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We Want Models to Use Tools Only When Needed

Call a tool when

it is necessary.

Answer directly

when it is unnecessary.

Underuse risks wrong

answers; overuse adds

latency and cost.

But when agents underuse or overuse tools, what’s the reason?



Two Stage Cognition-Execution Modeling of LLM Tool-Use

Is this a cognition problem or an execution problem?

Factual necessity 
𝒏𝒇 𝒙

Internal cognition 
𝒛𝒇 𝒙

Executed action 
𝒂𝒇(𝒛𝒇 𝒙 )

CALL NO CALL

? ?

Hypothesis 1
Cognition failure?

Hypothesis 2
Execution failure?
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Factual necessity 
𝒏𝒇 𝒙
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But first of all, 
what’s this?



What Does it Mean for A Tool to be Needed? 

Query

387 x 46 = ?

Model A

17,802
TOOL-UNNECESSARY

(Correct without a tool)

Model B

17,602
TOOL-NECESSARY

(Incorrect without a tool)

A model-agnostic label reflects the judge, not the tested model.

Query

2+3= ?

OR

Query

45892 x 21=?

TOOL-

UNNECESSARY

TOOL-

NECESSARY



Defining Model-Adaptive Tool Necessity

Tool necessity is empirically grounded to model capability.



Empirical Capability Boundaries Are Truly Different

Different models show substantially different capability boundaries,
which would’ve been obscured model-agnostic tool necessity  

But is tool underuse or overuse a real problem?



Actual Behavior Is Misaligned with Necessity

Mismatch is substantial:

Arithmetic:

26.5%-54.0%

TruthfulQA:

30.8%-41.8%

WHY?
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Two Stage Cognition-Execution Modeling of LLM Tool-Use

Factual necessity 
𝒏𝒇 𝒙

Internal cognition 
𝒛𝒇 𝒙

Executed action 
𝒂𝒇(𝒛𝒇 𝒙 )

CALL NO CALL

? ?

Hypothesis 1
Cognition failure?

Hypothesis 2
Execution failure?

Does the model have meta-
cognitive recognition of 

true necessity?



Probe Cognition: Does the Model Know When It Needs Help?

𝒉𝒕
(𝒍) linear probe

(𝒘𝒄, 𝒃𝒄)
Necessary /
Unnecessary

The capability-boundary signal is present internally.



Two Stage Cognition-Execution Modeling of LLM Tool-Use

Is this a cognition problem or an execution problem?

Factual necessity 
𝒏𝒇 𝒙

Internal cognition 
𝒛𝒇 𝒙

Executed action 
𝒂𝒇(𝒛𝒇 𝒙 )

CALL NO CALL

? ?

Hypothesis 1
Cognition failure?

Hypothesis 2
Execution failure?

NOT REALLY



Two Stage Cognition-Execution Modeling of LLM Tool-Use

Internal cognition 
𝒛𝒇 𝒙

Executed action 
𝒂𝒇(𝒛𝒇 𝒙 )

CALL NO CALL

?

Hypothesis 2
Execution failure?

Does the action align 
with internal cognition?



Probe Action: Can We Read Out What the Model Will Do?

The impending action is strongly decodable.

𝒉𝒕
(𝒍) linear probe

(𝒘a, 𝒃a)
Called /
Not Called



The Two Probe Directions Decouple at Readout

𝒘𝒂

≈ 90°

Partial alignment exists in intermediate representations.

At the last token and late layers, cosine similarity approaches zero.

Knowing is not routed into the action subspace.

𝒘c



Most Errors Occur in Cognition-to-Action Translation

Stage-two-only errors

Cognition is correct; action flips.

Stage-one-only errors

Cognition is wrong; action follows.

The principal bottleneck
is execution.



Two Stage Cognition-Execution Modeling of LLM Tool-Use

Is this a cognition problem or an execution problem?

Factual necessity 
𝒏𝒇 𝒙

Internal cognition 
𝒛𝒇 𝒙

Executed action 
𝒂𝒇(𝒛𝒇 𝒙 )

CALL NO CALL

? ?

Hypothesis 1
Cognition failure?

Hypothesis 2
Execution failure?

NOT REALLY BINGO

It’s often an execution problem.



Two Stage Cognition-Execution Modeling of LLM Tool-Use

Is this execution problem due to lack of confidence in cognition?

Factual necessity 
𝒏𝒇 𝒙

Internal cognition 
𝒛𝒇 𝒙

Executed action 
𝒂𝒇(𝒛𝒇 𝒙 )

CALL NO CALL

? ?

Hypothesis 1
Cognition failure?

Hypothesis 2
Execution failure?

NOT REALLY BINGO



The Gap Persists Even Under Confident Cognition

Mismatch is not concentrated near

confidence 0.5.

Mismatch persists when cognition

confidence is near 0 or 1.

Not merely uncertainty

Strong internal belief can still produce the opposite action.



Q&A

KNOWING DOING

Improving autonomous agents requires not just better internal meta-cognition, 
but bridging the knowing-doing gap to ensure it translates into reliable execution.

Paper:

Data:

arXiv 2605.14038

Code:
github.com/chengez/Tool-Cognition-Action

huggingface.co/datasets/yizecheng/model
-adaptive-tool-necessity
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