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Why is reasoning model interpretability challenging?

Standard Mechanistic Interpretability (The ‘Simple’ Case) Deterministic Forward Pass_

Prompt =D Oy () j@)

Standard Model  The capital of France is
Analyzing a static, deterministic snapshot. Focus: Single Token Generation

U

Reasoning Model Interpretability (The‘Compllcated’ Case)

‘ ‘Y‘lpﬁng = Non-deterministic paths

Reasoning Model Sentence 1 - ‘ 000" Sentence J
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Analyzing a dynamic-step, stochastic process. Long-Range Dependencies
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1. Serial depth

2. Stochastic

3. Discrete

4. Non-differentiable
5. Unit of analysis?

CoT is to a reasoning
model as activations
are to a forward pass



Reasoning model interpretability matters now.

e We need interpretability to ensure Al agent safety

e These are reasoning models - they can do far

more, but need Col to do it [Emmons et al. 2025]

e The Cor isn't always faithful, but can tell us a lot -

what does it mean to interpret it?
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Methods

Correct answer: 19

When base-16 number 66666 is written
in base 2, how many digits (bits) does it have?

{ Active Computation

So, if each digit is 4 bits, then 5 digits would
(beb5x4= 20blts

Plan Generation

Alternatively, maybe | can calculate the value ' .
, 0f 6666616 in decimal and then find out how / :
\/many bits that number would require. )

Uncertalnty Management @
Maybe Imessed up the dec:mal convers:on



Resampling

e Cofl upto asentence defines a
conditional distribution over the rest
of the reasoning trace

e We can resample the downstream
CoTl at each sentence

e We can quantify:

O sentence importance
O sentence-sentence dependencies

Accuracy

Problem 4682: Resampling accuracy by position

Problem 4682: Resampling accuracy by position
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Case

study
#1: math
problem

Sentence position

Receiver head score

Causal dependencies between sentences

0 4
[12] Decide to verify initial solution (20 bits)
104
204
[52] Decimal computation complete
(66666,.) = 419,430
304
[43 & 44 Identify 19 vs.
40 2 20 bits error
< [46] Restart decimal
50 4 computation
[59] Confirm decimal
computation
60 1 [©5] Return to 19
= vs. 20 bits error
h "Wy <— [66] Explain
2 prior 20 bits
70 1 . solution
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Sentence position

Chain-of-thought chunks

[0-3]: Prepareinitial approach

[4-12]: Pursue hexadecimal - binary heuristic (20 bits answer)

[12] “But wait, | should make sure this is correct”

[13-19]: Prepare to compute the decimal value
[13]“Maybe | can calculate the value of 66666, in decimal and then find out
how many bits that number would require.”

[20-33]: Compute decimal value
19,430"

[32] “419,424+

[34-41]: Convert decimalto binary (19 bitsanswer)

[42-45]: Notice discrepancy with 20 bits answer

[43j “Now, according to this, /'t'5719 bits.”
[44) “There’s a discrepancy here."

[46-59]: Recheck decimal conversion
[46] “Walit, let me check my calculations.”

[59-62]: Recheck binary conversion
[59] “That seems correct.”

[63-66]: Explain 19 vs. 20 bits discrepancy

[65] “So l'//?yV/S there a difference?
[66] “Ah, perhaps because leading zeros are not counted.”




e Open-source interface for analyzing CoTls
e The Col can be visualized as an DAG
e Use cases: interpretability and offline debugging

Open-source interface

Chain-of-thought a -3 View: | O Circle = W Tree Causal links: Node filter: @ Allnodes « Prev Step 23 Next —

terms that are products of terms from each .
SlnamiaL Reset view @ =
el
However, the term a?b? would only come from
Plan Generation Importance: 1000 s © D ©'@Q the product of the a®b? term in (a + b)* and the
However, the term a?b® would only come from .5 Y “ constant term (the term with ¢°) in (c + . )
e T e e 5 () thouqht_a nchors com
6 .
constant term (the term with ¢%) in (c + —) 3 ! <
c J
Resampled steps +
2
Fact Retrieval Importance: 0.016 : .
) « Incoming connections (top-5)
Because if you take any other term from the
second polynomial, it would have a ¢ or 1/c term, > \ = Step 22 (FR) Influence: 0,080
which would make the entire product have a ¢ 7 13
term, but we're only interested in the coefficient T I Step 15 (PG) Influence: 0.077
of a?b?, which doesn't involve ¢ O \ v
o ° Step 21 (FR) T
Plan Generation Importance: 0.010 ! % i * v /@ [ Step 4 (PG) e oo
So, that means the coefficient we're looking for is .
; s A Influence: 0.06:
the coeficient of a2b2 in (a + b)* multiplied by ; Bk i [ Step 19 (PG) bt
6 v 7
1 ¥
the coefficient of c° in (c + ) ; < “ o o
Z * y
40) < — Outgoing connections (top-5) =
39 ey
Plan Generation Importance: 0.010 5 R Step 24 (FR) Influence: 0.340
So, I need to find two things Vos ° I Step 26 (PG) Influence: 0225
36 %
25
34) 26 I Step 25 (PG) Influence: 0175
Fact Retrieval Importance: 0.010 33 R

Ste| (sC) Influence: 0.114
1. The coefficient of @%b in (a + b)*, which | B>


https://www.thought-anchors.com

Case study #2: agentic misalignment (blackmail)

' | @@ Explicit Blackmail
. = Veiled Threats
EE8 Whistleblowing
I Deception Or Social Engineering
Professional Appeal
3 Acceptance




Resilience and counterfactual importance

Resilience: How many interventions needed before a sentence’s content stays
absent in the entire reasoning trace

Counterfactual++ importance: Measures causal impact when content is absent
Key finding: Self-preservation sentences in the agentic misalignment scenario
(blackmail) has the lowest resilience and counterfactual importance. Planning
and leverage identification sentences show higher resilience and importance.

Counterfactual++ importance by category across models
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Comparison of sentence insertion methods
Dataset: Blackmail

On-policy versus 0
8
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off-policy interventions " ; ;
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same-model different context I g &,
L] . 8 g
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for deS”‘ed semantic content resampled  handwritten cross model same model
. ) Dataset: Whistleblow
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100%

80% 1

Unfaithful reasoning is “nudged”

60% A

e Transplant resampling: Transplant
partial hinted chain-of-thought onto
hint-free prompt, measure effect

40% A

Hinted-option answer rate

20% 1

0%

e Hint effects are (a) subtle, (b) diffuse, 0.0 01 %grrgaﬁlzggsgnier?cz poo;t.%f 0.9 10
and (c) cumulative L00%

e Hinted-answer rate increases g °
gradually - no single pivot point g il L

e "Wait" token appears 30% less often g 00%] ]
when hinted; S a0% ¢ o

e Unfaithful traces aren't simple lies - g 2O%I o
entire reasoning is subtly skewed it

02 04 06 08 1
Normallzed sentence position



Main takeaways

v Study CoT by analyzing distributions over reasoning trajectories, not single rollouts

v Sentences as level of analysis - think of them as replacing intermediate activations
v Some sentences matter more than others

v Black-box and white-box methods converge on same sentences (promising for interp!)
v/ CoT has hierarchical structure we can map

v/ This interpretability window may close soon

[<think>] 0000




