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Abstract:

Skills, as a useful abstraction for the procedural capabilities of large language models (LLMs), capture how models perform

structured, multi-step reasoning and program execution. Existing approaches typically treat skills as explicit, surface-level

constructs specified through prompts or programs, leaving open the question of how such procedural capabilities are

represented inside the model and whether they can be manipulated as structured objects in latent space. In this empirical

study, we investigate whether procedural LLM skills can be represented as directions in activation space and whether vector-

space operations over these directions can express skill-level behaviors. We find that procedural skills admit a vector-space

representation: individual skill directions can be activated to shift model behavior; independently extracted directions can

compose to form higher-level skills. Contrastive directions yield context-conditioned algorithmic personalization and

optimization trajectories over skill directions evolve non-monotonically, with intermediate states often surpassing fully

optimized solutions. These results support a representation-level view of procedural LLM skills: they admit a latent vector-

space organization that allows direct manipulation through internal interventions.
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Metareview:

This paper investigates whether/how skills in LLMs can be represented in latent space rather than in the discrete

language space (e.g., via prompts) as usual. Therefore, the authors construct measurable quantities for different

aspects of skills (e.g., steerability, composability) employed in their experiments.

Summary Of Reasons To Publish:

The research question is timely and interesting and the work is clearly organized

The experimental setup is well-designed to check the rigorously defined problem definition, mapping different

characteristics of skills to measurable constructs that are mathematically precisely defined.

The experiments cover small to mid-sized models of one family (Qwen3) and are deemed systematic and

reproducible.

The authors further contribute two novel skill-annotated data sets that might also be useful for future research.

Summary Of Suggested Revisions:

The techniques (direction extraction and intervention mechanisms) are not novel, but closely related to prior

work in activation steering, as pointed out by one reviewer. It needs to be made clearer that this paper is rather

an innovative application of these techniques and not introducing them.

Another receiver voices concerns about the difficulty of the data sets used in the experiments, introducing a

notable gap between experimental evaluation and practice.

Overall Assessment: 3.5 = Borderline Conference

Suggested Venues: EMNLP 2026

Reported Issues: Yes, and I took them into account in my meta-review

Note To Authors: I took the observed issues into account.

Publication Ethics Policy Compliance: I did not use any generative AI tools for this review
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Paper Summary:

This paper investigates whether procedural skills in large language models can be represented as directional vectors

in activation space, and explores whether vector space operations can express skill-level behaviors. The authors

construct two controlled benchmark datasets.

Through experiments on the Qwen3 series of models, the authors find that individual skill directions can be directly

activated via latent interventions, that independently extracted directions can be composed to form higher-level skills,

that contrastive directions can enable context-sensitive algorithmic personalization, and that intermediate states

along optimization trajectories often outperform fully converged final states. These results support a representational

view of procedural skills, in which skills are organized as structured latent vectors within the model's internal

representations.

Summary Of Strengths:

The paper presents a clear and formally rigorous problem definition framework that unifies skill steerability,

composability, personalization, and evolution into four observable properties, each accompanied by precise

mathematical definitions. This approach lends the entire empirical study a strong sense of systematicity and
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reproducibility. The experimental design spans transfer evaluations from controlled to real-world benchmarks, and

the findings are validated consistently across the full Qwen3 model family ranging from 0.6B to 14B parameters.

Additionally, the non-monotonic optimization trajectories identified in the study offer a noteworthy and thought-

provoking insight.

Summary Of Weaknesses:

The experiments are primarily conducted on two artificially constructed, controlled datasets, SKILLSET-MATH and

SKILLSET-CODE, in which the skills are defined in a relatively simple and structured manner, such as single-digit

addition, subtraction, multiplication, and division, or contrasts between DFS and BFS. This may introduce a substantial

gap between these settings and the more complex, ambiguous procedural skills encountered in real-world scenarios.

Furthermore, for larger models in the 4B–14B range, the performance gains of vector intervention over the strongest

prompting baseline are relatively limited, yet the paper does not provide a sufficiently in-depth explanation of the

underlying mechanisms behind this phenomenon, remaining at the level of surface-level observation.

Comments Suggestions And Typos:

NA

Confidence: 3 =  Pretty sure, but there's a chance I missed something. Although I have a good feel for this area in

general, I did not carefully check the paper's details, e.g., the math or experimental design.

Soundness: 4 = Strong: This study provides sufficient support for all of its claims. Some extra experiments could be

nice, but not essential.

Excitement: 4 = Exciting: I would mention this paper to others and/or make an effort to attend its presentation in a

conference.

Overall Assessment: 4 = Conference: I think this paper could be accepted to an *ACL conference.

Ethical Concerns:

There are no concerns with this submission

Needs Ethics Review: No

Reproducibility: 3 = They could reproduce the results with some difficulty. The settings of parameters are

underspecified or subjectively determined, and/or the training/evaluation data are not widely available.

Datasets: 3 = Potentially useful: Someone might find the new datasets useful for their work.

Software: 1 = No usable software released.

Knowledge Of Or Educated Guess At Author Identity: No

Knowledge Of Paper: N/A, I do not know anything about the paper from outside sources

Knowledge Of Paper Source: N/A, I do not know anything about the paper from outside sources

Impact Of Knowledge Of Paper: N/A, I do not know anything about the paper from outside sources

Reviewer Certification: I certify that the review I entered accurately reflects my assessment of the work. If you used

any type of automated tool to help you craft your review, I hereby certify that its use was restricted to improving

grammar and style, and the substance of the review is either my own work or the work of an acknowledged

secondary reviewer.

Publication Ethics Policy Compliance: I used a privacy-preserving tool exclusively for the use case(s) approved by

PEC policy, such as language edits
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Comment:

Response to Reviewer bVoa
We thank the reviewer for the thoughtful and encouraging review. We especially appreciate the recognition

that the paper provides a clear mathematical framework, a systematic empirical study, and a thought-

provoking observation about non-monotonic optimization trajectories. We address the two concerns

below.

Controlled Skill Datasets
We agree that SkillSet-Math and SkillSet-Code are more structured than many real-world procedural skills.

This is an intentional design choice rather than a limitation of scope alone. Our paper is a pioneering

empirical study of whether procedural capabilities can be represented and manipulated as latent skill

directions. To test this question cleanly, the setting must make the relevant properties observable:

individual skill activation, skill composition, context-conditioned personalization, and optimization

dynamics.

Controlled datasets allow us to isolate these properties. In SkillSet-Math, atomic and composite skills have

known procedural structure, so we can test whether independently extracted atomic directions compose

into higher-level skills without composite-skill supervision. In SkillSet-Code, paired strategies such as DFS

vs. BFS define controlled alternatives for testing whether contrastive directions can shift algorithmic

preference. These designs make the experiments interpretable and reproducible, which is important for an

initial mechanistic study of latent procedural skills.

We will revise the paper to state this motivation more explicitly: the controlled benchmarks are not

intended to exhaust the complexity of real-world skills; they are a testbed for establishing whether

procedural skills have a manipulable representation-level structure. We also already include transfer

experiments on GSM8K and MATH500 to show that the extracted math-skill directions can carry signal

beyond the controlled benchmark.

Smaller Marginal Gains on Larger Models
We also agree that the behavior on larger models deserves more explanation. Our interpretation is that the

gains are not expected to scale linearly with model size. Activation steering supplies an inference-time

procedural bias; as the base model becomes stronger, there is less remaining headroom for such a bias to

improve benchmark accuracy. Thus, smaller marginal gains on 4B--14B models are consistent with

saturation rather than evidence that the latent directions disappear. This pattern is also consistent with

recent scaling work on activation steering, which reports that steering effects can diminish with model size

in Llama-2 refusal settings (Ali et al., 2025 (https://arxiv.org/abs/2507.11771)).

Model / benchmark 0-shot Steered Gain over 0-shot

Qwen3-0.6B / GSM8K 74.00 75.66 +1.66

Qwen3-1.7B / GSM8K 82.18 83.93 +1.75

Qwen3-4B / GSM8K 93.56 92.34 -1.22

Qwen3-8B / GSM8K 95.07 95.38 +0.31

Qwen3-14B / GSM8K 95.83 96.21 +0.38

Qwen3-0.6B / MATH500 67.00 66.20 -0.80

Qwen3-1.7B / MATH500 72.60 73.80 +1.20

Qwen3-4B / MATH500 89.60 91.00 +1.40

Qwen3-8B / MATH500 89.80 90.60 +0.80

Qwen3-14B / MATH500 92.40 93.80 +1.40
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We will add this explanation to the discussion: latent skill interventions are most visible when the model

lacks a reliable procedure for the task, while stronger models leave less measurable accuracy headroom.

This does not weaken the main claim; rather, it clarifies the operating regime of representation-level skill

control.

Ali et al., 2025, "Scaling laws for activation steering with Llama 2 models and refusal mechanisms":

https://arxiv.org/abs/2507.11771 (https://arxiv.org/abs/2507.11771)

Author-Editor Confidential Comment Official Comment

Official Review of Submission10615 by Reviewer FCDr

Official Review by Reviewer FCDr 03 Jul 2026, 03:45 (modified: 03 Aug 2026, 08:16)

Program Chairs, Senior Area Chairs, Area Chairs, Reviewers Submitted, Authors, Reviewer FCDr, Commitment
Readers

Revisions (/revisions?id=UG42a1rTxa)






Paper Summary:

This paper presents an empirical study of procedural skills in large language models, formalizing them as latent skill

directions in activation space and investigating four observable properties: steerability, composition, personalization,

and evolution. The framework defines a latent skill direction as a per-layer vector extracted from hidden-state

activations, which can be applied at inference time via additive intervention on a subset of layers. Two extraction

schemes are employed: single-class PCA for math skills on SKILLSET-MATH (34 skills: 16 atomic and 18 composite) and

contrastive mean-difference for algorithmic strategies on SKILLSET-CODE (9 contrastive pairs covering graph search,

dynamic programming/recursion, and data structure/string categories).

The study is conducted primarily on Qwen3-0.6B and Qwen3-1.7B for controlled experiments, with transfer evaluation

on Qwen3-4B, Qwen3-8B, and Qwen3-14B using GSM8K and MATH500. The results show that PCA-extracted skill

directions improve accuracy on 29 of 34 skills with an average gain of 19.1 percent on SKILLSET-MATH, and that vector-

space composition of atomic directions outperforms text-based composition (both concise and chain-of-thought

variants) on 13 of 18 composite skills. For personalization, contrastive directions over paired algorithmic strategies

(e.g., DFS vs. BFS) enable context-conditioned approach control, with approach match rate increasing from 16.7

percent to 41.7 percent on Qwen3-0.6B. Skill evolution via Representation-Projected Steering (RePS) exhibits non-

monotonic dynamics, where intermediate checkpoints frequently outperform fully optimized solutions.

Summary Of Strengths:

1. The formalization of procedural LLM skills as latent directions endowed with four observable properties,

supported by precise mathematical definitions (e.g., the steerability condition in Eq. 3–4), provides a unifying

conceptual framework that connects steerability, composition, personalization, and evolution within a single

formal language. The clear separation between inference-time steering (Sections 4.2–4.3) and training-time

optimization (Sections 4.4–4.5) appears to offer a structured way to think about procedural capabilities as

manipulable representation-level objects and facilitates independent assessment of each property.

2. The finding that vector-space composition of independently extracted atomic skill directions outperforms text-

based composition on 13 of 18 composite skills, achieving 77.1 percent average accuracy compared to 75.7

percent for Txt-C and 74.2 percent for Txt-CoT (Table 2), represents a notable empirical result. The fact that the

composed direction is constructed without any composite-skill supervision appears to provide evidence that

activation space captures procedural knowledge in a manner that is not readily accessible through prompting

alone, and this finding could have implications for understanding how compositional capabilities are encoded in

language model representations.

3. The observation that skill evolution via RePS is non-monotonic (Table 4), with intermediate checkpoints

consistently outperforming fully converged solutions across approach pairs such as DFS/BFS (8 percent at

initialization, 24 percent at step 20, declining to 18 percent at step 200), provides an empirically grounded

insight into the dynamics of latent skill optimization. This pattern, replicated on Qwen3-1.7B with pairs such as
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QuadDP vs. Opt. (52 percent to 60 percent at step 4, then degrading to 42 percent), suggests that early

optimization updates may capture broad, transferable skill directions while continued training drives toward task-

specific features, which could inform checkpoint selection strategies in skill-conditioned training pipelines.

Summary Of Weaknesses:

1. The controlled experiments are conducted on Qwen3-0.6B and Qwen3-1.7B, with larger models (4B, 8B, 14B) used

only for the transfer evaluation on GSM8K and MATH500. The extent to which the detailed findings about

composition outperforming text-based methods and non-monotonic evolution dynamics would hold for models

with significantly different parameter counts or training regimes remains uncertain, and the transfer results (Table

1), where steering gains shrink from 6.8 percentage points on MATH500 for Qwen3-1.7B to 1.4 percentage points

for Qwen3-14B, might suggest that the effectiveness of latent skill interventions varies with model capability in

ways that are not fully explored.

2. The personalization and evolution experiments rely on GPT-4o-mini as an LLM judge to evaluate approach match

rate, assessing whether generated code follows a prescribed algorithmic strategy (e.g., DFS vs. BFS) rather than

functional correctness. The use of an LLM judge for structural algorithmic assessment could potentially

introduce evaluation biases, as the judge's reliability on distinguishing between structurally similar approaches

(e.g., stack-based vs. recursive implementations) is not independently validated against expert human

annotators, and the reported inter-rater agreement metrics are limited to the judge's internal confidence scores

rather than external calibration.

3. The intervention hyperparameters differ across sub-studies (α=2.0 for RQ1/RQ2, α=1.0 for RQ3), with the sweep

grid {0, 0.5, 1, 2, 4} reported but without a systematic sensitivity analysis showing how results vary across this

range. The absence of a hyperparameter sensitivity analysis could make it difficult for readers to assess

whether the reported gains are robust to the choice of activation strength and whether the optimal α is

consistent across different skill types, model sizes, and extraction methods, which might limit the reproducibility

and practical applicability of the framework.

4. All experiments are conducted within the Qwen3 model family, spanning 0.6B to 14B parameters but sharing the

same architecture and training methodology. The generalizability of the findings to structurally different model

families such as LLaMA, Mistral, or Gemma remains unexplored, and architectural differences in attention

mechanisms, normalization schemes, or training data composition might influence the properties of extracted

skill directions in ways that are not captured by the current evaluation.

Comments Suggestions And Typos:

There are a few aspects of the manuscript's presentation that could be refined to further enhance readability. Section

3 introduces a substantial number of mathematical definitions (Definitions 3.1 through 3.6) with associated equations

in close succession, and the density of formal notation could make it challenging for readers to track the

relationships between steerability, composition, personalization, and evolution before encountering the empirical

evaluation in Section 4. Additionally, critical experimental details such as the full hyperparameter specifications

(Tables 9 and 10), the data generation pipeline (Figure 3), and the LLM judge prompts are distributed across

appendices A through D, and this distribution might benefit from a consolidated experimental summary in the main

text to help readers understand the full methodological pipeline without extensive cross-referencing.

Figure 1 of the submission is pretty unclear and blur caused by low resolution.

Confidence: 4 = Quite sure. I tried to check the important points carefully. It's unlikely, though conceivable, that I

missed something that should affect my ratings.

Soundness: 2 = Poor: Some of the main claims are not sufficiently supported. There are major

technical/methodological problems.

Excitement: 2 = Potentially Interesting: this paper does not resonate with me, but it might with others in the *ACL

community.

Overall Assessment: 2 = Resubmit next cycle: I think this paper needs substantial revisions that can be completed by

the next ARR cycle.

Ethical Concerns:

There are no concerns with this submission

Needs Ethics Review: No
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Reproducibility: 3 = They could reproduce the results with some difficulty. The settings of parameters are

underspecified or subjectively determined, and/or the training/evaluation data are not widely available.

Datasets: 3 = Potentially useful: Someone might find the new datasets useful for their work.

Software: 3 = Potentially useful: Someone might find the new software useful for their work.

Knowledge Of Or Educated Guess At Author Identity: No

Knowledge Of Paper: N/A, I do not know anything about the paper from outside sources

Knowledge Of Paper Source: N/A, I do not know anything about the paper from outside sources

Impact Of Knowledge Of Paper: N/A, I do not know anything about the paper from outside sources

Reviewer Certification: I certify that the review I entered accurately reflects my assessment of the work. If you used

any type of automated tool to help you craft your review, I hereby certify that its use was restricted to improving

grammar and style, and the substance of the review is either my own work or the work of an acknowledged

secondary reviewer.

Publication Ethics Policy Compliance: I used a privacy-preserving tool exclusively for the use case(s) approved by

PEC policy, such as language edits

Author-Editor Confidential Comment Official Comment

Official Comment by Authors

Official Comment

by Authors ( Tong Yu (/profile?id=~Tong_Yu3), Julian McAuley (/profile?id=~Julian_McAuley1), David
Arbour (/profile?id=~David_Arbour1), Sheldon Yu (/profile?id=~Sheldon_Yu1), +5 more (/group/edit?
id=aclweb.org/ACL/ARR/2026/May/Submission10615/Authors))
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Comment:

Response to Reviewer FCDr [2/2]

W2 — Evaluation reliability of the LLM-as-judge protocol
We agree that the paper should make the reliability of the approach-match evaluation clearer. At the same

time, LLM-as-judge is now a standard protocol for evaluating open-ended model outputs: GPT-4 judges

show strong agreement with human preferences on MT-Bench/Chatbot Arena (Zheng et al., NeurIPS 2023

(https://arxiv.org/abs/2306.05685)), G-Eval shows strong human alignment under rubric-based GPT-4

evaluation (Liu et al., EMNLP 2023 (https://arxiv.org/abs/2303.16634)), and recent surveys describe LLM-as-

judge as a broad evaluation paradigm while emphasizing calibration and bias control (Gu et al., 2024

(https://arxiv.org/abs/2411.15594)).

Our evaluation is also more constrained than open-ended preference judging. The judge is not asked to

rank response quality; it receives the problem, two candidate algorithmic approaches, and the generated

code, then returns a structured decision about which approach the code follows. We have already included

the exact LLM-as-judge prompts for both personalization and evolution in the appendix, and will make this

easier to find in the revision.

W3 — Choice of intervention strength α
Our core point is that α is an intervention-strength hyperparameter, not a universal constant that should be

shared across different datasets, extraction schemes, and model families. This is standard in activation-

steering work: ITI explicitly tunes intervention strength to balance desired behavior and side effects (Li et

al., NeurIPS 2023 (https://arxiv.org/abs/2306.03341)); CAA uses signed coefficients to control steering

degree (Rimsky et al., ACL 2024 (https://aclanthology.org/2024.acl-long.828)); and recent multi-attribute

steering work emphasizes that linear steering requires per-attribute/per-setting tuning rather than a single

≡
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global coefficient (Oozeer et al., 2025 (https://arxiv.org/abs/2505.24535)). Feature-guided activation-

addition work similarly reports trade-offs between steering scale and general model capability (Soo et al.,

2025 (https://arxiv.org/abs/2501.09929)).

This is also expected in our setting because RQ1/RQ2 and RQ3 use different benchmarks and different

vector definitions: single-class PCA for SkillSet-Math versus contrastive mean-difference for SkillSet-Code.

Therefore, we report a consistent α within each dataset/extraction regime rather than forcing one global

value across all sub-studies. We additionally checked representative α values on Llama-2, where the useful

range is skill-dependent and large α can over-steer the model:

Example skill under rich extraction Base α=0.5 α=1.0 α=2.0 Best Δ

subtract_two_single_digits 84 88 88 95 +11

multi_digit_subtraction 74 78 79 84 +10

inequality_solving 1 0 1 10 +9

compare_values 51 53 53 60 +9

solve_linear_equation 90 91 92 95 +5

These results are not meant to claim a single optimal α for all settings. Instead, they support the same

conclusion as prior steering work: intervention strength must be calibrated to the model, representation

scale, and target behavior. In the revision, we will make this design choice explicit and report the α setting

used for each dataset/extraction regime.

Summary
In summary, we have addressed the reviewer's main concerns with new Llama-2 evidence, clearer

explanations of model-size/headroom and α calibration, and a more explicit discussion of the LLM-as-judge

protocol. We hope these additions clarify the paper's scope and evidence, and we respectfully ask the

reviewer to reconsider the soundness and overall assessment.
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Comment:

Response to Reviewer FCDr [1/2]
We thank the reviewer for the careful and constructive review. To address the four weaknesses we ran a

new cross-family study on Llama-2-7B-chat (a different architecture and training regime from Qwen3)

covering the controlled RQ1 (steerability) and RQ2 (composition), a α-sensitivity sweep {0.5, 1, 2, 4}, and

GSM8K / MATH500 transfer.

W4 — "All experiments within the Qwen3 family; generalizability
to LLaMA/Mistral/Gemma unexplored."
We agree this is the most direct empirical concern, and we address it with a new controlled study on

Llama-2-7B-chat (RoPE + RMSNorm, a 2023-era model with a different tokenizer and training corpus than

Qwen3). The central RQ2 composition result reproduces cross-family: vector composition beats text

composition on 13/18 composite skills (identical ratio to Qwen3-0.6B), with average accuracy Vec 31.5 vs.

Txt-C 21.6 / Txt-CoT 20.7. This provides direct evidence that the composition finding is not limited to the

Qwen3 model family.

Composite skill Base Txt-C Txt-CoT Vec

multi_digit_addition 84 7 24 85

multi_digit_subtraction 74 11 21 71

multi_digit_multiplication 11 1 1 11

long_division 58 19 18 65

decimal_addition 78 65 36 77

sum_of_range 5 1 2 7

rounding_numbers 29 37 40 31

percentage_calculation 29 28 18 32

greatest_common_divisor 13 23 16 11

solve_linear_equation 90 54 49 93

solve_system_two_equations 0 0 0 1

check_equation_validity 0 55 40 0

inequality_solving 1 0 0 1

algebraic_simplification 25 8 19 26

range_validation 14 39 43 10

linear_search 6 29 21 5
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Composite skill Base Txt-C Txt-CoT Vec

reverse_list 11 2 2 10

count_occurrences 27 9 23 31

Average 30.8 21.6 20.7 31.5

We will add these as an appendix table. This scope is consistent with activation-steering work: CAA studies

Llama-2 Chat (Rimsky et al., ACL 2024 (https://aclanthology.org/2024.acl-long.828/)), and later CAA scaling

work remains within the Llama-2 family (Ali et al., 2025 (https://arxiv.org/abs/2507.11771)), so a focused

single-family study is a reasonable controlled starting point. Meanwhile, refusal steering across 13 chat

models (Arditi et al., NeurIPS 2024 (https://arxiv.org/abs/2406.11717)) shows that activation-space

interventions can generalize across models. Our goal is not a new generic steering method, but a

controlled framework for latent procedural skills; the Llama-2 result extends the evidence beyond Qwen3.

As a first framework paper, we deliberately start from controlled settings where steerability, composition,

personalization, and evolution can be measured cleanly.

W1 — Model-size and training-regime generalization
The reviewer raises a valid question about whether the controlled findings are tied to the smaller Qwen3

models. We address this in two complementary ways. First, the original paper already evaluates transfer on

GSM8K and MATH500 across the Qwen3 family from 0.6B to 14B, where steered decoding improves over

zero-shot in most settings. Second, the new Llama-2-7B-chat experiment changes not only size but also

model family, tokenizer, and training recipe. The central composition result still holds: vector composition

beats text composition on 13/18 composite skills, and the real-benchmark transfer results remain positive

on both GSM8K and MATH500.

The table below summarizes the transfer evidence used in this response. The smaller gain on stronger

models is not evidence against the claim; it is consistent with a headroom effect. As the base model

becomes more capable on the benchmark, there is less remaining error for an inference-time procedural

intervention to correct. This is also consistent with recent scaling work on activation steering, which reports

that steering effects can diminish with model size in Llama-2 refusal settings (Ali et al., 2025

(https://arxiv.org/abs/2507.11771)).

Model / benchmark 0-shot Steered Gain over 0-shot

Qwen3-0.6B / GSM8K 74.00 75.66 +1.66

Qwen3-1.7B / GSM8K 82.18 83.93 +1.75

Qwen3-4B / GSM8K 93.56 92.34 -1.22

Qwen3-8B / GSM8K 95.07 95.38 +0.31

Qwen3-14B / GSM8K 95.83 96.21 +0.38

Qwen3-0.6B / MATH500 67.00 66.20 -0.80

Qwen3-1.7B / MATH500 72.60 73.80 +1.20

Qwen3-4B / MATH500 89.60 91.00 +1.40

Qwen3-8B / MATH500 89.80 90.60 +0.80

Qwen3-14B / MATH500 92.40 93.80 +1.40

Llama-2-7B-chat / GSM8K 25.25 28.51 +3.26

Llama-2-7B-chat / MATH500 6.00 8.80 +2.80

(Continued in the next response.)
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Paper Summary:

This paper studies whether skills of large language models can be represented as directions in hidden-state space,

and whether such directions can be used for skill steering, skill composition, personalization, and direction

optimization. The authors introduce SKILLSET-MATH and SKILLSET-CODE, extract skill directions using PCA or positive-

minus-negative mean differences, and evaluate these directions on controlled math tasks, GSM8K/MATH500 transfer,

and code-strategy matching tasks.

Summary Of Strengths:

1. The paper studies an interesting and timely setting: whether hidden-state directions can control procedural skills

in mathematical and coding tasks.

2. The work is organized around four clear capabilities: steering, composition, personalization, and optimization.

This makes the empirical goals easy to follow.

3. SKILLSET-MATH provides a controlled hierarchical setting for studying atomic and composite skills.

4. The paper includes both controlled experiments and transfer experiments on standard math benchmark.

5. The writing is generally clear, and the paper provides a useful empirical testbed for further work on activation-

space skill control.

Summary Of Weaknesses:

1. My main concern is novelty. The direction extraction and intervention mechanisms are close to prior activation

steering and representation engineering work [1,2]. The paper's main contribution appears to be applying and

evaluating these ideas in a procedural-skill setting, rather than introducing a substantially new steering

mechanism.

References

[1] Steering Llama 2 via Contrastive Activation Addition. In ACL

[2] Programming Refusal with Conditional Activation Steering. In ICLR

Comments Suggestions And Typos:

The authors should more explicitly position the work against prior activation steering and representation engineering

papers.

Confidence: 4 = Quite sure. I tried to check the important points carefully. It's unlikely, though conceivable, that I

missed something that should affect my ratings.

Soundness: 4 = Strong: This study provides sufficient support for all of its claims. Some extra experiments could be

nice, but not essential.

Excitement: 3.5

Overall Assessment: 3.5 = Borderline Conference

Best Paper Justification:

NA

Limitations And Societal Impact:

None

Ethical Concerns:

None

Needs Ethics Review: No
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Reproducibility: 4 = They could mostly reproduce the results, but there may be some variation because of sample

variance or minor variations in their interpretation of the protocol or method.

Datasets: 4 = Useful: I would recommend the new datasets to other researchers or developers for their ongoing

work.

Software: 4 = Useful: I would recommend the new software to other researchers or developers for their ongoing

work.

Knowledge Of Or Educated Guess At Author Identity: No

Knowledge Of Paper: N/A, I do not know anything about the paper from outside sources

Knowledge Of Paper Source: N/A, I do not know anything about the paper from outside sources

Impact Of Knowledge Of Paper: N/A, I do not know anything about the paper from outside sources

Reviewer Certification: I certify that the review I entered accurately reflects my assessment of the work. If you used

any type of automated tool to help you craft your review, I hereby certify that its use was restricted to improving

grammar and style, and the substance of the review is either my own work or the work of an acknowledged

secondary reviewer.

Publication Ethics Policy Compliance: I did not use any generative AI tools for this review
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Comment:

Response to Reviewer yqvt
We thank the reviewer for the careful reading and for recognizing the clarity of the four capabilities, the

usefulness of SkillSet-Math, and the value of combining controlled experiments with transfer evaluation.

We especially appreciate the comment that the paper can serve as a useful empirical testbed for future

work on activation-space skill control.

The reviewer raises a fair concern about novelty relative to prior activation steering and representation-

engineering work. We agree that our contribution is not meant to be a new generic steering primitive. Our

intervention toolkit is related to prior activation steering and representation engineering, including

contrastive activation addition (Rimsky et al., ACL 2024 (https://aclanthology.org/2024.acl-long.828/)),

representation engineering (Zou et al., 2023 (https://arxiv.org/abs/2310.01405)), and single-direction

behavioral control such as refusal steering (Arditi et al., NeurIPS 2024 (https://arxiv.org/abs/2406.11717)).

Rather, the novelty is in the object of study and the framework around it: we study procedural LLM skills

as latent, manipulable objects in activation space. Existing steering work has primarily focused on

behavioral attributes such as refusal, persona, sentiment, truthfulness, or other response-level properties.

In contrast, our paper asks whether structured procedural capabilities, for example, multi-step

mathematical operations and algorithmic coding strategies, admit a vector-space organization inside the

model.

This distinction is central to the paper's framing. Skills are not treated as surface-level prompts, programs,

or training units; they are studied as representation-level objects with an interpretable mathematical

formulation. The framework organizes the skill life cycle through extraction, validity, steerability,

composition, personalization, and evolution, and evaluates these properties through four observable

≡
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signatures. This is why the controlled setting is important: SkillSet-Math and SkillSet-Code make procedural

skills measurable, composable, and verifiable, allowing us to ask questions that are difficult to isolate in

ordinary open-ended benchmarks.

We will revise the related-work and contribution sections to make this positioning more explicit. In

particular, we will state more clearly that prior activation-steering papers provide the intervention toolkit,

while our work contributes a procedural-skill-centered framework, two controlled benchmarks, and an

empirical study of skill steering, latent composition, personalization, and optimization dynamics. This

should clarify that the paper's contribution is not simply applying an existing steering method, but using

representation-level interventions to study whether procedural capabilities themselves have a manipulable

latent structure.
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