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Abstract:

Long chain-of-thought (CoT) reasoning in large language models often fails in recurring ways: models loop through

redundant derivations, drift through uncertain intermediate states, commit prematurely to unsupported answers, or continue

generating after a valid conclusion has been reached. These failures are typically treated as separate surface phenomena and

addressed with symptom-specific heuristics, which (i) leave the underlying trajectory failure unchanged when they suppress

the visible symptom, and (ii) provide no shared substrate for comparing fixes across models or pathologies. We instead study

them as failures at the level of CoT reasoning latent state transitions. We introduce a diagnostic framework that abstracts

chain-of-thought reasoning as a trajectory through discrete latent reasoning states, yielding a positional taxonomy of six

reasoning pathologies, each paired with a transition-grounded detection predicate and a matched inference-time controller.

We evaluate the framework through controlled-surgery experiments across multiple datasets and models, spanning

arithmetic reasoning, multi-hop question answering, and knowledge-intensive reasoning. Across evaluations, we find that

reasoning pathologies exhibit three main diagnostic patterns: \textbf{(1)} failures follow a phase-ordered structure, where

termination failures are most reliably identified, early branching failures are detectable, and progression failures require finer

graph-aware analyses; \textbf{(2)} counterfactual transition-versus-emission tests show that several detectors track latent

trajectory changes rather than surface rewrites, while also exposing cases where paraphrases alter the reasoning path itself;

and \textbf{(3)} detector-timed interventions are most effective when the detected pathology has a clear local onset, but do

not uniformly dominate generic controls. Together, these findings position the framework as a reproducible diagnostic

substrate for studying CoT failures, with explicit evidence boundaries and stronger closed-loop control.
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Paper Decision

Decision by Program Chairs 24 Sept 2026, 04:29 (modified: 24 Sept 2026, 09:29)

Program Chairs, Authors Revisions (/revisions?id=dTo1ZE7mA6)



 

Decision: Accept (poster)

Metareview:

This paper proposes a unified diagnostic framework that models long chain-of-thought reasoning as transitions

through discrete latent states rather than treating failure modes as isolated surface-level heuristics. By establishing a

phase-aware taxonomy of six reasoning pathologies with corresponding detection predicates and inference-time

controllers, the authors evaluate these transitions through controlled-surgery and counterfactual experiments across

multiple benchmark tasks. Ultimately, the work offers a structured, state-transition view for diagnosing when and

how reasoning paths derail.

Strengths Novel Unifying Framework: Replaces surface-level heuristics with a shared latent state-transition view of

long-CoT failures.

Rigorous Experimental Design

Weaknesses High Complexity & Sensitivity: Relies on heavy empirical design choices (layers, spectral embeddings,

clusters, thresholds) with limited sensitivity analysis.

Poor Clarity & Formatting: Critical implementation details (intervention mechanics, architecture diagrams) are poorly

explained or hidden in the appendix.

Weak Motivation & Impact: Fails to clearly justify why this latent view outperforms existing reasoning taxonomies or

benchmark approaches.

Descriptive, Non-Constructive Results: Experiments document failure patterns well, but offer few actionable

guidelines or definitive conclusions.

Initial Metareview: This paper is leaning towards rejection, but it seems there may be steps that the authors can take

to rescue it. For example, Reviewer 2's main/only complaint seems to be that the exposition of the technical details

are unclear (note: he is not an expert in this subfield), the authors may be able to address his specific questions (any

maybe others he may have during the discussion phase). Reviewer #3's comments may be addressable as well,
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especially the first 2 (motivation for the technical direction, and comparison with existing frameworks). Reviewer #1 is

supportive but that support could be strengthened by addressing his concern about the robustness of the empirical

results (eg. ablations on some of the parameters he highlights).

Final Justification:

The authors have addressed the key challenges outlined above. The robustness of the experiments has improved,

and key technical details have been cleared up. There is some concern about whether we can rely on the authors

making the substantial edits on the draft by camera-ready, but overall we are confident this deserves acceptance.
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Citation Checker by Program Chairs 04 Aug 2026, 11:19 (modified: 04 Sept 2026, 22:21)

Program Chairs, Senior Area Chairs, Area Chairs, Authors Revisions (/revisions?id=XlFZKzPMRe)


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Comment:

Automatically flagged references

Here we list the references that were automatically flagged by our checker. Note that our checker may miss many

hallucinated references, and some of the listed references may have been flagged erroneously. It is therefore

crucial that you check them manually, following the guidance above. We rely on the Area Chairs to decide

whether these constitute violations of responsible authorship.

For papers falling into either of the following categories, we expect your default recommendation to be a rejection on

the grounds of irresponsible authorship. This is strong presumption rather than a strict rule; as the Area Chair, you

retain discretion, and may recommend otherwise where the specific circumstances of a paper warrant it:

1. The paper contains at least two hallucinated references according to the criteria described below the report.

2. The paper contains one hallucinated reference and there is some additional evidence of AI slop.

If a paper has only one problematic reference, but no additional concerns about the quality of the paper or its

presentation, please simply alert the authors in your meta-review.

Please complete the form “Hallucinated References Investigation” to communicate the results of your investigation

prior to completing your meta reviews.

Citation Checker Report

Reference Check Summary

0/58 problematic references.

Hallucinated/problematic reference criteria

These are adopted from ICLR and ICML 2026 hallucinated reference guidance:

If you are unable to find any document or publication with a title anywhere near the one provided in the

reference, it should be considered hallucinated. Minor differences in title should not be considered evidence of a

hallucinated reference.

If the reference's authors are only slightly incorrect, e.g., a few subtle misspellings, missing a few authors, or

wrong authorship order, we do not consider this to imply a hallucinated reference, but please let the submission's

authors know in your meta-review that they should fix this issue.

If the author list has additional issues, e.g., added authors that are not actually authors of that publication or

missing a large fraction of authors, then the reference should be considered hallucinated.

If the reference's venue is a real venue but is incorrect for that reference, we do not consider this to imply a

hallucinated reference, but please tell the submission's authors in your meta-review, these include wrong journal

name, arXiv ID, etc.

If there is no evidence that the reference's venue exists, the reference should be considered hallucinated.

Finally, we note that there are many generic references that refer to existing artifacts (e.g. "GPT-4o, OpenAI et al.

2024") but do not refer to any real document. These are fine.
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Even with the above guidelines in mind, there will likely be some borderline cases. Please bring those up with

your SAC if you need additional guidance.

Author AC Confidential Comment by Authors

Author AC Confidential Comment

by Authors ( Zihan Huang (/profile?id=~Zihan_Huang1), Xunyi Jiang (/profile?id=~Xunyi_Jiang2), Gagan Mundada
(/profile?id=~Gagan_Mundada1), Junda Wu (/profile?id=~Junda_Wu1), +5 more (/group/edit?
id=NeurIPS.cc/2026/Conference/Submission35461/Authors))

04 Aug 2026, 00:45 (modified: 04 Aug 2026, 01:16)
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Comment:

Dear AC,

Thank you for coordinating the review and for setting out a clear and concrete path for strengthening the paper, and

thank you to the reviewers for their careful and constructive feedback. We write with a brief update as the discussion

period draws to a close: following the priorities in the meta-review, we addressed each highlighted item in our

reviewer-specific responses, summarized in our earlier comment (https://openreview.net/forum?

id=9rcdHgSVwj&noteId=3hnaqOEBzH).

Reviewer 9jzE raised their score, and Reviewer Hq51 adjusted theirs after our clarifications, and all three reviewers

now assess the paper positively. Reviewer aEaE's assessment was already supportive, and the meta-review suggested

strengthening it with ablations on the parameters they highlighted. We added the requested sensitivity analyses for

the hidden-state layer, the number of clusters (K), and the clustering initialization (Tables R1–R3), which show that the

main detectors remain stable across the tested range. We would be grateful if these additional analyses could be

taken into account in the final decision.

Thank you again for your guidance and for the thoughtful evaluation that you and the reviewers have brought to the

paper throughout the process.

Best regards,

The Authors

Official Review of Submission35461 by Reviewer aEaE

Official Review by Reviewer aEaE 26 Jun 2026, 03:02 (modified: 24 Sept 2026, 10:21)
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Summary:

This paper studies recurring failure modes in long chain-of-thought (CoT) reasoning and proposes a diagnostic

framework based on latent reasoning-state transitions. The central idea is that phenomena such as circular

reasoning, divergent branching, premature convergence, and post-answer continuation should not be treated merely

as surface-level textual symptoms, but instead modeled as abnormal transitions in a latent state trajectory.

Concretely, the authors first segment a CoT into reasoning steps and use model hidden states to construct prefix-

aware step representations. These representations are then clustered into discrete latent reasoning states, producing

a state-transition sequence and transition matrix. Based on this state chain, the paper divides the reasoning process

into three phases: Initialisation, Progression, and Termination. It further defines six phase-local reasoning

pathologies: state hallucination, divergent branching, circular reasoning loops, entropic stagnation, premature

convergence, and terminal leakage. Each pathology is paired with transition-level diagnostic metrics and a matched

inference-time controller to test whether the detected onset is actionable.

Experimentally, the authors evaluate the framework on GSM8K-hard, HotpotQA, and GPQA, using models including

Qwen, Gemma, and Ministral. The evaluation focuses on identifiability, transition grounding, and actionable

localisation. The results suggest that termination-stage failures are the easiest to diagnose from state chains, initial
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branching failures are also detectable, while progression-stage stagnation and loops require more fine-grained

graph-structural and local-entropy analyses. Overall, the paper contributes a systematic diagnostic substrate for CoT

failures rather than a reasoning algorithm aimed primarily at improving final-answer accuracy.

Contribution Type: General: Most submissions will fall into this type.

Strengths And Weaknesses:

A major strength of the paper is its valuable problem formulation. Failures in long-CoT reasoning are often handled

separately, for example through repetition detection, length truncation, answer-level stopping, or self-consistency.

This paper attempts to unify these phenomena under a latent state-transition view and proposes a phase-aware

taxonomy, allowing different failure types to be compared on a shared state-chain substrate. This perspective is

original and useful for future work that aims to analyze intermediate reasoning processes rather than only final-

answer accuracy.

A second strength is that the taxonomy itself is relatively clear. Dividing reasoning into Initialisation, Progression, and

Termination, and defining two pathologies for each phase, is natural and interpretable. In particular, the distinction

between II-A circular reasoning loops and II-B entropic stagnation is meaningful: the former corresponds to compact

state recurrence, while the latter corresponds to high-entropy wandering without convergence. This distinction goes

beyond simple surface-level repetition detection and can capture failures where the text does not obviously repeat

but the reasoning process remains unproductive.

Third, the paper does not stop at proposing metrics. It further uses controlled surgery, swap/paraphrase

counterfactuals, and matched controller probes to test whether the detectors capture state-transition-level changes.

This is more convincing than reporting detector AUROC alone. In particular, the comparison among detected timing,

oracle timing, random timing, wrong-controller arms, and generic-control arms provides a direct test of whether the

detected onset is actionable.

That said, the paper also has several weaknesses.The method is quite complex and relies on many empirical design

choices, including the hidden-state layer, Gram-spectral embedding, number of clusters K, phase partitioning,

pathology-specific thresholds, and the reference transition matrix P. Although the paper includes some robustness

checks, the main text does not sufficiently explain the necessity or sensitivity of these choices. Readers may worry

about whether the framework remains stable across different models, CoT formats, and prompt styles.

Quality: 3: good

Clarity: 3: good

Significance: 3: good

Originality: 3: good

Questions:

1. The paper presents matched controllers as intervention probes, but in several cases the gains over generic or

random controls appear mixed. Could the authors clarify which claims are meant to be diagnostic-only and which

claims imply practical inference-time control? A clearer separation would improve the paper. My score would

decrease if the rebuttal overstates controller effectiveness without showing stronger evidence against generic

baselines.

2. How well does the taxonomy generalize beyond standard CoT QA settings? For example, would the six pathology

types still cover tool-use agents, code-generation agents, or multi-turn reasoning traces where actions and

observations interleave with reasoning? Even a small qualitative analysis on agentic or tool-augmented traces

would help assess whether the taxonomy is broadly applicable.

3. The state clusters are induced separately from model trajectories. To what extent are the learned states

semantically consistent across models and datasets? If the same pathology corresponds to different cluster

structures in different settings, how should practitioners compare results across systems? Additional visualization

or alignment analysis would make the diagnostic substrate more convincing.

4. The framework depends on several representation and abstraction choices, including the selected hidden-state

layer, Gram-spectral embedding, number of clusters K, and phase partitioning. Could the authors provide a more

systematic sensitivity analysis showing how stable each pathology detector is under these choices? My score

would increase if the main conclusions remain stable across a broader range of K, layers, and clustering seeds.

Limitations:

Please see Questions.
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Rating: 5: Accept: Technically solid paper, with high potential value on at least one sub-area of AI or moderate-to-

high impact on more than one area of AI, with good-to-excellent evaluation, resources, reproducibility, and no

unaddressed ethical considerations.

Confidence: 4: You are confident in your assessment, but not absolutely certain. It is unlikely, but not impossible,

that you did not understand some parts of the submission or that you are unfamiliar with some pieces of related

work.

Ethical Concerns: NO or VERY MINOR ethics concerns only

Paper Formatting Concerns:

Not found.

Code Of Conduct Acknowledgement: Yes

Responsible Reviewing Acknowledgement: Yes

Final Justification:

After considering the rebuttal and the additional analyses, I recommend 5: Accept.

The diagnostic-vs-control distinction is now clear. My original concern was that the intervention experiments

could be interpreted as evidence for a generally effective inference-time controller. The rebuttal explicitly clarifies

that the main contribution is diagnostic, and that the matched controllers are used to test whether detected

pathology onsets carry actionable information. The authors also appropriately acknowledge cases where random

or generic controls remain competitive. This substantially resolves my concern about overclaiming controller

effectiveness.

The robustness concern is substantially addressed. The new analyses vary the hidden-state layer, state-space

granularity (K), and clustering initialization. Five of six readouts retain majority expected-direction movement

across the tested layers, several key detectors remain strong across the (K)-sweep, and clustering-dependent

AUROC variation across seeds is limited. These results provide much stronger evidence that the main conclusions

are not artifacts of a single representation or clustering choice.

Overall, I find the paper’s latent-transition formulation and phase-aware pathology taxonomy conceptually valuable,

and the rebuttal provides substantially stronger robustness evidence while clarifying the intended evidence

boundaries. My main concerns have therefore been resolved, and I support acceptance.

Official Comment by Authors

Official Comment

by Authors ( Zihan Huang (/profile?id=~Zihan_Huang1), Xunyi Jiang (/profile?id=~Xunyi_Jiang2), Gagan
Mundada (/profile?id=~Gagan_Mundada1), Junda Wu (/profile?id=~Junda_Wu1), +5 more (/group/edit?
id=NeurIPS.cc/2026/Conference/Submission35461/Authors))

02 Aug 2026, 13:04

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors, Reviewer aEaE

−

＝







Comment:

Dear Reviewer aEaE,

We wanted to gently follow up on our rebuttal and thank you again for the detailed and constructive

feedback. In direct response to your robustness concern, we added sensitivity analyses for hidden layer,

state-space granularity (K), and clustering initialization (Tables R1–R3). Five of six readouts retain majority

expected-direction movement at every tested layer, with the final layer achieving the highest mean AUROC

of 0.770. Across the (K)-sweep, I-B, II-B, III-A, and III-B remain at or above 0.746 AUROC, while the

clustering-dependent readouts vary by at most 0.060 AUROC across five seeds.

We also clarified the distinction between diagnostic actionability and deployment-ready control, the scope

beyond standard CoT QA, and how structural pathology predicates are compared across independently

induced state spaces. We will incorporate the new analyses and these clarifications in the revision.

We would be grateful if you could let us know whether any concerns remain that we could address or

clarify.

Thank you again for your time, thoughtful feedback, and the opportunity to improve our work.

≡
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Rebuttal by Authors

Rebuttal

by Authors ( Zihan Huang (/profile?id=~Zihan_Huang1), Xunyi Jiang (/profile?id=~Xunyi_Jiang2), Gagan
Mundada (/profile?id=~Gagan_Mundada1), Junda Wu (/profile?id=~Junda_Wu1), +5 more (/group/edit?
id=NeurIPS.cc/2026/Conference/Submission35461/Authors))

28 Jul 2026, 00:49 (modified: 28 Jul 2026, 07:41)

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors

Revisions (/revisions?id=8Q1Z2SkKCj)

−

＝









Rebuttal:

Thank you for recognizing the value of the latent-transition formulation, the II-A/II-B distinction, and the

controlled surgery and intervention tests. We clarify the controller evidence and evaluation scope and

report new layer, (K), and clustering-seed audits (Tables R1–R3, W1/Q4).

Q1. Diagnostic substrate versus practical controller

The paper's main contribution is diagnostic. The matched controllers test whether a detected event is

actionable, not whether the controller is a uniformly superior deployment method (L132–138 and 286–290).

Because several onset rules are computed from completed trajectories, these experiments establish offline

localization and actionability, not an evaluated streaming controller. We will make this distinction explicit

and move the arm comparisons to the main table.

Phase I: I-A and I-B are defined at the query-to-first-step boundary, so Detected and Oracle coincide by

construction. They outperform Random timing in recovery, 0.77 versus 0.13 for I-A and 0.54 versus 0.08

for I-B. Best-generic recovery is also competitive, at 0.71 for I-A and 0.67 for I-B. Thus these results

localize an actionable opener boundary but do not establish controller-family superiority.

Phase II: For II-A, the definition-aligned SCC detector outperforms the scalar proxy, 0.668 versus 0.380

AUROC. Separately, Detected timing beats Random by 0.075–0.095 across four replay constructions,

while the Wrong-controller results show limited controller-family specificity. For II-B, Detected beats

plain and generic controls, 0.143 versus 0.056–0.072, while Random, Oracle, and Best-wrong remain

competitive at 0.166, 0.152, and 0.165. This supports boundary-local actionability, not a unique

controller or time.

Phase III: For III-A, Detected, Oracle, Random, and Best-generic recoveries are 0.74, 0.78, 0.77, and

0.79. Thus the premature-commitment region is actionable, but Detected is not uniquely best. For III-B,

the matched intervention and truncation restore the induced terminal-exit readout in the four-setting

answer-anchored rerun. This is recovery of a controlled diagnostic, not improved answer accuracy. In

the nine-setting natural audit, anchoring removes apparent leakage in two low-anchor settings and

leaves 0–0.016 exits (Table 24, lines 778–786), so we do not claim natural prevalence.

Q2. Scope beyond standard CoT QA

Our evidence covers arithmetic, multi-hop, and knowledge-intensive QA across three model families, but

does not establish exhaustive coverage of tool use, code, or multi-turn agents. ReAct-style

reasoning/action/observation prefixes fit the same trajectory formalism, with possible analogues such as

cyclic tool calls or premature submission [1]. Agent benchmarks also expose failures in long-horizon

reasoning, decision making, instruction following, and interaction with external environments [2]. Testing

this extension requires action/observation-aware states and interventions, and we will state it as future

work.

Q3. Cross-model/dataset meaning of induced states

Cluster IDs are not semantically aligned across settings because each fit has arbitrary, permutation-

equivalent labels. Cross-system comparisons instead use within-setting phase assignment, permutation-

invariant predicates such as SCC recurrence, entropy cooling, terminal hitting, and terminal exit, and

aggregation only after computing expected-direction effects within each setting (L118–130 and 673–679).

Thus “II-A in two systems” means that the same structural predicate responds as expected in both, not that

≡
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a numbered cluster has shared semantics. We will make this distinction explicit in the figures. Direct

semantic alignment would require shared probes, labeled state descriptions, or an explicit alignment

method.

W1/Q4. Sensitivity to (K), layer, and clustering

These choices serve distinct roles: the hidden-state representation defines step geometry, (K) and

initialization define the discrete state chain, and the phase map supplies the positional semantics used by

the phase-local predicates (L89–102 and L118–130).

We ran a layer ablation on Ministral-8B/HotpotQA with 24 fixed base/injected pairs per pathology, 144 pairs

total. We evaluated the same surgery texts at layers (-16,-2,-1). At each layer, we refit (K)-means on the 1,000

natural traces while holding pathology-specific (K) and the seed fixed. AUROC is oriented so that larger

values are more pathology-like. “Sign” is the fraction of paired surgeries moving in the expected direction.

Table R1. Layer sensitivity on Ministral-8B/HotpotQA. Entries are AUROC / expected-direction

percentage. Bold marks the highest AUROC within each readout.

Pathology/readout Layer (-16) AUROC/sign Layer (-2) AUROC/sign Layer (-1) AUROC/sign

I-A / first-step jump 0.146 / 16.7% 0.214 / 16.7% 0.276 / 20.8%

I-B / early distinct ratio 0.838 / 75.0% 0.844 / 83.3% 0.828 / 70.8%

II-A / SCC re-entry 0.760 / 66.7% 0.719 / 58.3% 0.780 / 62.5%

II-B / stagnation 0.628 / 66.7% 0.597 / 58.3% 0.839 / 79.2%

III-A / progression occupancy 0.959 / 95.8% 0.918 / 91.7% 0.918 / 91.7%

III-B / terminal exits 0.979 / 95.8% 1.000 / 100.0% 0.979 / 95.8%

I-B, II-A, III-A, and III-B are stable across layers. II-B is more layer-sensitive and strongest at the final layer.

The signed I-A readout remains geometry-sensitive, consistent with the qualification in the submission. Five

of six readouts show a majority of pairs moving in the expected direction at every layer. The final layer has

the highest mean AUROC, 0.770 versus 0.718 at (-16) and 0.715 at (-2), although the best layer varies by

pathology.

We also tested state-space granularity at the final layer. Using the same pairs and clustering seed, we refit

natural-only partitions for K ∈ {5, 7, 10, 13, 15}:

Table R2. (K)-sensitivity on Ministral-8B/HotpotQA at the final layer. Entries are AUROC. Bold marks

the highest value within each readout. Rows tied throughout are unbolded.

Readout (AUROC) (K=5) (K=7) (K=10) (K=13) (K=15)

I-A 0.276 0.276 0.276 0.276 0.276

I-B 0.817 0.828 0.861 0.882 0.909

II-A 0.667 0.780 0.672 0.775 0.829

II-B 0.746 0.839 0.816 0.836 0.803

III-A 0.918 0.918 0.918 0.959 0.954

III-B 0.979 0.979 1.000 0.979 0.979

I-B, II-B, III-A, and III-B remain strong across the sweep. II-A is more abstraction-sensitive, with AUROC

0.667–0.829 and expected-direction rate 33.3–79.2%. I-A's continuous first-step-jump readout is

mechanically independent of (K), so its repeated value is not (K)-sensitivity evidence.

Finally, we tested clustering-initialization sensitivity at the final layer while retaining each pathology's stated

(K). Each seed controls a separate (K)-means fit with n_init=10 :
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Table R3. Clustering-seed sensitivity on Ministral-8B/HotpotQA at the final layer. Entries are AUROC.

Bold marks the highest value within each readout. Rows tied throughout are unbolded.

Readout (AUROC) Seed 0 Seed 1 Seed 2 Seed 3 Seed 42

I-A 0.276 0.276 0.276 0.276 0.276

I-B 0.845 0.845 0.845 0.845 0.828

II-A 0.727 0.755 0.720 0.720 0.780

II-B 0.865 0.852 0.860 0.860 0.839

III-A 0.918 0.918 0.918 0.918 0.918

III-B 0.979 0.979 0.979 1.000 0.979

The clustering-dependent readouts are stable across seeds: I-B varies from 0.828–0.845, II-A from 0.720–

0.780, II-B from 0.839–0.865, III-A remains 0.918, and III-B varies from 0.979–1.000. I-A is mechanically

independent of clustering and is shown only for completeness.

These results complement the submitted appendix analyses of answer-anchored III-B across (K) and layers

(Tables 25–26) and shared-abstraction layer sensitivity (Table 27, L787–794). The new experiments directly

address the requested (K), layer, and clustering-seed choices.

References

[1] Yao et al., 2023. ReAct: Synergizing Reasoning and Acting in Language Models.

[2] Liu et al., 2023. AgentBench: Evaluating LLMs as Agents.

We hope this addresses the concerns and are happy to discuss any remaining questions.

Official Review of Submission35461 by Reviewer 9jzE

Official Review by Reviewer 9jzE 25 Jun 2026, 18:29 (modified: 24 Sept 2026, 10:21)

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors, Reviewer 9jzE

Revisions (/revisions?id=tBwlkA23Fz)







Summary:

In this paper, the authors use latent space models -- similar to the CTRLS framework of Wu et al. 2026 -- to better

diagnose reasoning failures in chain-of-thought. Their diagnostic framework works by first building the vector space -

- these parts seems standard and aligned with Wu et al. -- then partitioning the latent space structures into three

phases: initialization, progression and termination phases. They then identity and taxonomize six "reasoning

pathologies" or failure modes and includes: state hallucination (i.e., the trace is not well anchored to the prompt),

divergent branching (i.e., where early states deviate from and are incompatible with initial state), circular reasoning

(i.e., step redundancy), entropic stagnation, premature convergence and terminal leakage (these are introduced early

on in the introduction, however are not sufficiently defined at the intuitive level at the beginning, I would encourage

the authors to address this. I still remained in particular confused by entropic stagnation and terminal leakage since

they appear to never be never defined). The details are very heavy, and as an outsider to this area, it was very

challenging to follow all of them (this is more my problem that the authors'). However the main intuition for these

different phases is illustrated in Figure 9 (I would encourage the authors to put this into the main text), with the

particular detection and control strategies illustrated for each phase in Figures 1-3 (these very cleanly correspond to

the many definitions they provide through each part of Section 4).

They perform experiments on a mixture of arithmetic, multi-hop and knowledge intensive reasoning tasks using

Qwen, Gemma-4 and Ministral backbone models. I must admit that after several reads, what actually is being

evaluated at the intuitive level is still very unclear to me. Given the heuristic nature of the detectors and the need to

estimate corresponding probes, doesn't this require example reasoning errors in their collected chains-of-thought?
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From what I understand, systematic and controlled surgery experiments are performed, however basic details of how

these surgery manipulations are carried out is left very unclear, making it difficult to follow virtually all of the

important results and findings.

Contribution Type: General: Most submissions will fall into this type.

Strengths And Weaknesses:

Strengths

A novel use of latent CoT state spaces to identify reasoning errors and pathologies, one that seems to have the

potential to improve and mitigate reasoning errors.

weaknesses

Basic details of their experimental set up are very hard to follow. In particular, how the surgery interventions are

performed is left very unclear, making it difficult to really understand how any of the corresponding detector

parameters and probes are learned. (I emphasize that I maintain a low confidence overall, and that I am an

outsider to this area).

Quality: 3: good

Clarity: 2: not good

Significance: 3: good

Originality: 3: good

Questions:

Can you explain better the intuition between the escape mass in Definition 4.3?

How exactly are the phase-matched intervention probes tuned exactly? I'm also confused: what are the wrong-

controller arm and generic-control arms and how are they parameterized?

Can you please better explain the plots in Figure 5? After several reads, it's not clear what the opener boundaries

refer to.

Limitations:

yes

Rating: 4: Borderline accept: Technically solid paper where reasons to accept outweigh reasons to reject, e.g., limited

evaluation. Please use sparingly.

Confidence: 1: Your assessment is an educated guess. The submission is not in your area or the submission was

difficult to understand. Math/other details were not carefully checked.

Ethical Concerns: NO or VERY MINOR ethics concerns only

Paper Formatting Concerns:

None

Code Of Conduct Acknowledgement: Yes

Responsible Reviewing Acknowledgement: Yes

Final Justification:

I think that the authors sufficiently clarified unclear details in the rebuttal and appear to have a plan to fix this in the

draft, so I am raising my score to reflect this.

Rebuttal by Authors

Rebuttal

by Authors ( Zihan Huang (/profile?id=~Zihan_Huang1), Xunyi Jiang (/profile?id=~Xunyi_Jiang2), Gagan
Mundada (/profile?id=~Gagan_Mundada1), Junda Wu (/profile?id=~Junda_Wu1), +5 more (/group/edit?
id=NeurIPS.cc/2026/Conference/Submission35461/Authors))

28 Jul 2026, 01:29 (modified: 28 Jul 2026, 07:41)

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors

Revisions (/revisions?id=CyZdAzrNoG)

−

＝









Rebuttal:

≡
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Thank you for recognizing the novelty and potential of the latent-state approach, and for identifying where

the presentation can be clearer to readers outside the immediate area. We appreciate the opportunity to

make the phase intuition, surgery pipeline, intervention arms, and Figure 5 more explicit. We address these

points below in the order raised (W1–W3, Q1–Q3).

W1. Placement of the intuitive overview

We agree. We will move the taxonomy overview (Figure 9) into the main text before the formal definitions

and place the methodology pipeline (Figure 10) at the start of the experimental section. We will annotate

each stage, from step segmentation and state abstraction through controlled surgery, detector readout,

and intervention arms, so the full experimental flow is visible without consulting the appendix.

W2. What the two unclear pathologies mean

Entropic stagnation (II-B): The trace wanders among progression states while uncertainty fails to

“cool” toward an answer. Unlike a loop, it need not revisit a compact cycle (L615–619). We test this with

a targeted non-cooling plateau and boundary-local entropy-floor, slope, and cooling-delta readouts

(Table 16, L754–760).

Terminal leakage (III-B): The trace reaches an answer-ready terminal state, then exits to non-terminal

states and resumes reasoning instead of stopping (L190–195 and 631–636). Answer anchoring

prevents a merely late, but not answer-ready, cluster from being treated as terminal.

W3. What is actually evaluated

Controlled surgery does not require naturally labeled reasoning errors or train a pathology classifier:

1. We construct the state abstraction from a natural trajectory bank and keep it fixed within each paired

test.

2. For each selected trace, we make one known edit: a donor opener for I-A, an early stutter or separate

two-donor construction for I-B, one of four controlled recurrence constructions for II-A, a targeted non-

cooling plateau for II-B, removed progression for III-A, or post-answer continuation for III-B. The

construction therefore provides the pathology type and its ground-truth insertion point.

3. We map the base and edited traces through the same abstraction and compute the same readout

without refitting the clusters.

4. Base/edit differences test identifiability. Swaps versus intended state-preserving paraphrases test

transition grounding. Detected, Oracle, Random, Wrong-controller, and Generic arms test

actionability (L104–117 and 210–212).

The state abstraction is fitted unsupervised on natural trajectories. State preservation is audited rather

than assumed. For I-B, the stutter construction is evaluated with the early-distinct-ratio readout (AUROC

0.80), while the stricter two-donor construction uses the separate composite branch score. We will add one

before/after example per surgery.

Q1. Intuition for escape mass (Definition 4.3)

Escape mass asks: when the trace is inside a candidate loop, how likely is it to leave? Within the

component, we weight each state's outward transition probability by its share of visits, so a rarely visited

gateway cannot make a recurrent core look easy to escape. Combined with high component occupancy,

low escape mass indicates a sticky loop. A component with frequent exits is not a sticky loop. We will add

this intuition after Definition 4.3.

Q2. How the intervention arms are defined

The evaluated phase-matched probes use fixed prompts or decoding controls. The matched prompts re-

present context for I-A, request a structured plan for I-B, prompt escape from repetition for II-A, request a

stable-progress summary and next unresolved step for II-B, encourage continued progression for III-A, and

preserve answer commitment for III-B. Prompt variants are evaluated as separate arms. The equations in

Appendix E.2 specify the intended mechanisms, while the evaluated arms instantiate them through these

prompts and decoding controls.
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Detector readouts and onset definitions are pathology-specific. We will consolidate their exact definitions

and parameterization in the revision.

The comparison arms are:

Detected: matched probe at the detector-selected onset.

Oracle: same matched probe at the known surgery onset.

Random: same matched probe at a uniformly sampled step.

Wrong-controller: another pathology's probe, fired at the Oracle onset in the taxonomy-wide

comparison.

Generic: plain continuation, repetition penalty 1.3, truncation at the selected point, or “think longer.”

“Best-Gen” and “Best wrong” are the best-performing arms within their respective families.

NoCtl: the surgically edited trace without a repair.

These comparisons test whether a localized event carries actionable information. We will centralize the

rules, templates, timing definitions, and control parameters.

Q3. Figure 5 and “opener boundary”

“Opener boundary” is the transition from the query prefix  to the first generated reasoning state ,

not a learned cluster boundary. Panel (a) compares the I-A opener surgery with two specificity controls. The

opener surgery has mean , an adjacent swap leaves this opener statistic unchanged at

0.00, and an opener paraphrase has mean . The first two use , while the

paraphrase analysis uses . We will annotate each cohort and abstraction configuration directly in

the caption.

Panel (b) separates two phenomena. Stutter raises the early-distinct ratio by about , while two-

donor branching changes it by about  but produces a composite branch score of . Panel (c)'s

 and  gaps compare the fixed opener with a random step for I-A and I-B, respectively.

Detected and Oracle coincide because the opener is fixed by construction, so this supports boundary-

specific actionability rather than discovery of an unknown onset.

We hope these clarifications resolve the presentation concerns and are happy to discuss any remaining

questions.

(x0) (s1)

(|Δfsj| = 10.40)

(|Δfsj| = 2.63) (n = 216)
(n = 108)

(+0.25)

(−0.09) (0.75)
(+0.64) (+0.46)

Official Comment by Reviewer 9jzE

Official Comment by Reviewer 9jzE 02 Aug 2026, 08:51

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors

−

＝





Comment:

Thank you for these additional details and clarifications.

I will raise my score and encourage the authors to incorporate some of these modifications into

the final version.

 Replying to Official Comment by Reviewer 9jzE

Official Comment by Authors

Official Comment

by Authors ( Zihan Huang (/profile?id=~Zihan_Huang1), Xunyi Jiang (/profile?
id=~Xunyi_Jiang2), Gagan Mundada (/profile?id=~Gagan_Mundada1), Junda Wu (/profile?
id=~Junda_Wu1), +5 more (/group/edit?
id=NeurIPS.cc/2026/Conference/Submission35461/Authors))

02 Aug 2026, 17:02

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors

−

＝ 







Comment:

Dear Reviewer 9jzE,

≡

≡
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Thank you very much for your thoughtful evaluation and reconsideration. We sincerely

appreciate your time and effort throughout the review process, as well as your constructive

feedback, which has been very helpful. We will incorporate the proposed changes in the revision.

If any concerns remain, we would be grateful for the opportunity to address them during the

discussion.

Official Review of Submission35461 by Reviewer Hq51

Official Review by Reviewer Hq51 25 Jun 2026, 15:40 (modified: 24 Sept 2026, 10:21)

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors, Reviewer Hq51

Revisions (/revisions?id=wdpViss6CS)







Summary:

The authors present a study on long-chain reasoning in large language models and their pathologies. This is done by

taking the chain-of-thought reasoning as a trajectory through discrete latent reasoning states, showing a

classification of six total reasoning pathologies. The experiments were conducted with diverse datasets, models and

tasks.

The contributions of this work are the following:

the reasoning failures can be partitioned in three distinct phases, and six phase-indexed pathology categories,

a framework that connects a pathology to specific detectors, rules and controllers,

and finally an extended experimentation with controlled edits and counterfactual interventions which show a

diagnostic hierarchy and when these detected failures are required to take action.

Contribution Type: General: Most submissions will fall into this type.

Strengths And Weaknesses:

While I see this as an interesting paper, I do not see why this perspective is important and what's the overall story. It is

not clear what do we gain by this approach and how it compares with existing work.

Strengths

a novel perspective of looking reasoning failures

relation with graphical models

extensive experimentation and results

Weaknesses

why did the authors selected this perspective? how is this going to be significant as a direction? this is not

explained

many existing benchmarks expose failures in mathematical, logical, causal, and commonsense reasoning, How is

this approach compared to existing ones? Are there any similarities with existing taxonomies or even any

possible alignments?

experiments do not reach constructive conclusions, rather present and summarize results\

moreover, important parts of the paper, while mentioned in the main first 9 pages, they are presented later. For

example Figure 10, which presents the architecture of the proposed methodology. The appendix is not to be used

as a way to gain space.

Quality: 3: good

Clarity: 2: not good

Significance: 2: not good

Originality: 3: good

Questions:

Questions are asked through weaknesses

Limitations:

The authors do not state how the limitations of their approach could be addressed.
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Rating: 4: Borderline accept: Technically solid paper where reasons to accept outweigh reasons to reject, e.g., limited

evaluation. Please use sparingly.

Confidence: 3: You are fairly confident in your assessment. It is possible that you did not understand some parts of

the submission or that you are unfamiliar with some pieces of related work. Math/other details were not carefully

checked.

Ethical Concerns: NO or VERY MINOR ethics concerns only

Paper Formatting Concerns:

No concerns

Code Of Conduct Acknowledgement: Yes

Responsible Reviewing Acknowledgement: Yes

Final Justification:

The authors addressed most of my issues during the rebuttal and I increased my score accordingly. Nevertheless, I

believe the paper requires some work to fully accepted at NeurIPS, so that's why I increased it to "Borderline accept".

For example, adjusting the motivation and incorporating it in the whole paper is not something that can be done

during the rebuttal process. That said, I would be ok with the acceptance of the paper.

Rebuttal by Authors

Rebuttal

by Authors ( Zihan Huang (/profile?id=~Zihan_Huang1), Xunyi Jiang (/profile?id=~Xunyi_Jiang2), Gagan
Mundada (/profile?id=~Gagan_Mundada1), Junda Wu (/profile?id=~Junda_Wu1), +5 more (/group/edit?
id=NeurIPS.cc/2026/Conference/Submission35461/Authors))

28 Jul 2026, 01:56 (modified: 28 Jul 2026, 07:41)

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors

Revisions (/revisions?id=9AKwYHq7Rm)

−

＝









Rebuttal:

Thank you for recognizing the paper's novel perspective and extensive experimentation. We address the

motivation, relationship to existing frameworks, experimental conclusions, presentation changes, and

limitation remedies in the order raised.

W1. Why a phase/transition perspective is useful

Existing benchmarks primarily measure task- or capability-level success and failure. We ask a

complementary question: where did the reasoning trajectory fail, what transition pattern

characterized the failure, and does locating it support a controlled intervention test? We complement

mathematical, logical, causal, and commonsense benchmarks rather than replace them.

Surface symptoms are ambiguous without positional and transition context. Repetition can be benign

verification, compact recurrence, or post-answer continuation. High state diversity can indicate productive

exploration or diffuse non-cooling, while a short trace can reflect efficiency or premature commitment.

Conversely, a latent loop may occur without lexical repetition. Phase tells us where the failure occurs

relative to framing, productive work, and answer commitment. Transition structure tells us how the

trajectory fails through hitting time, occupancy, SCC escape and re-entry, entropy trends, and terminal exits

(L104–130).

The experiments support this distinction. Under induced compact recurrence, SCC re-entry reaches AUROC

0.668, compared with 0.380 for the scalar loop score. Targeted diffuse non-cooling requires a different

readout and reaches 0.767. Controlled surgery tests the matched readout at a known phase. Swap and

constrained-paraphrase controls test whether detector movement tracks trajectory edits rather than

surface rewriting. Detected, Oracle, Random, Wrong-controller, and Generic arms test whether the localized

event is actionable.

W2. Relationship to benchmarks and existing taxonomies

These approaches operate at complementary levels. We will add the following comparison:

≡
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Prior line of work Primary focus Relationship to this paper

Mathematical/logical/causal/commonsense

benchmarks

Task or capability

performance and error

categories

They measure which tasks or

capabilities succeed or fail.

We add within-trace phase

and transition coordinates.

ROSCOE [1] and ReCEval [2] ROSCOE defines a textual

error typology and 18

metrics for semantic

alignment, inference, and

coherence. ReCEval

evaluates step correctness

and informativeness.

Complementary textual and

process axes. We add phase,

recurrence topology, onset,

grounding, and actionability.

DeepSeek-R1 Thoughtology [3] Four stages: problem

definition, blooming,

reconstruction, and final

decision, with separate

analyses of rumination and

length

Its stages approximately align

with Initialisation,

Progression, and Termination.

We define phase-local

transition predicates.

Reasoning-path aggregation [4] and CTRLS

[5]

Wang et al. test random-

walk path aggregation and

use sampled paths for

augmentation. CTRLS

learns a latent-state MDP

for state-aware generation.

Structured path and state

representations for

explanatory analysis,

augmentation, or generation.

We add phase-indexed

pathology diagnosis, onset,

grounding, and actionability

(L41–50 and L549–570).

We will add ROSCOE and ReCEval to the revised bibliography. The mapping is many-to-many. ROSCOE

repetition and Thoughtology rumination may overlap II-A, but lexical repetition is neither necessary nor

sufficient for latent recurrence. Excess length may reflect II-A, II-B, or III-B. Our temporal and topological

predicates make these hypotheses separately testable under controlled constructions.

Our distinct contribution is to combine four elements on a shared transition substrate: phase-local

pathology predicates, onset localization, transition-grounding tests, and matched actionability probes (L41–

54 and L210–212). To our knowledge, none of the compared frameworks evaluates this full

combination.

W3. Constructive conclusions from the experiments

We respectfully disagree that the experiments merely present and summarize results. The submitted

contribution is diagnostic by design: defining phase-local pathology predicates, localizing their onsets,

testing transition grounding, and probing actionability (L41–54 and L131–138). It explicitly treats controllers

as intervention probes rather than a complete mitigation suite (L134–138). Within this stated scope, the

experiments yield four concrete design conclusions:

1. Match the readout to the failure geometry. SCC re-entry outperforms the scalar loop score for

compact recurrence, with AUROC 0.668 versus 0.380. Targeted diffuse non-cooling requires a separate

detector and reaches 0.767.

2. Match the diagnostic to the terminal event. III-A is captured by premature terminal entry and

reaches AUROC 0.95. The answer-anchored III-B test gives a +2.969 mean terminal-exit shift and 0.990

expected-sign rate.

3. Test localization resolution, not only recovery. At the fixed opener, I-A recovery is 0.77 versus 0.13 at

a random step and I-B is 0.54 versus 0.08. Similar Detected, Oracle, and Random recovery makes III-A

region-local, while II-B supports boundary-local rather than point-specific timing.
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4. Require answer-gated outcomes and strong controls. Moving a detector score is insufficient if the

correct answer is lost. Matched probes must be compared with Random, Wrong-controller, and Generic

arms.

W4. Presentation

We agree that Figure 10 contains information needed to understand the method and should not be

deferred. We will move Figures 9 and 10 into the main text before the formal definitions and tighten the

surrounding exposition so that estimation, diagnosis, and intervention are visible up front.

Limitations. How we will address them

These are valuable directions, but they are outside the scope of this paper. Our scope is diagnostic: we

define phase-local transition pathologies and test their localization, grounding, and actionability across

three model families and three benchmarks. We do not aim to establish universal phase labels or

deployment-ready control. Lines 529–533 already identify the corresponding extensions: expert-

adjudicated phase labels, evaluation at larger scales and on base models, and prospective budgeted

closed-loop deployment. We will clarify this scope distinction in the revision.

We hope this addresses the concerns and are happy to discuss any remaining questions.
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Thank you very much for your thoughtful evaluation and reconsideration. We sincerely

appreciate your time and effort throughout the review process, as well as your constructive

feedback, which has been very helpful. We will incorporate the proposed changes in the revision.

If any concerns remain, we would be grateful for the opportunity to address them during the

discussion.

9/25/26, 11:13 AM Reasoning Pathologies in Large Language Models: A Diagnostic Perspective | OpenReview

https://openreview.net/forum?id=9rcdHgSVwj#discussion 17/17

https://openreview.net/about
https://openreview.net/about
https://openreview.net/sponsors
https://openreview.net/sponsors
https://openreview.net/sponsors

