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Abstract

Chain-of-Thought (CoT) prompting has significantly advanced the reasoning capa-
bilities of large language models (LLMs). While prior work focuses on improving
model performance through internal reasoning strategies, little is known about the
interchangeability of reasoning across different models. In this work, we explore
whether a partially completed reasoning chain from one model can be reliably
continued by another model, either within the same model family or across families.
We achieve this by assessing the sufficiency of intermediate reasoning traces as
transferable scaffolds for logical coherence and final answer accuracy. We interpret
this interchangeability as a means of examining inference-time trustworthiness,
probing whether reasoning remains both coherent and reliable under model sub-
stitution. Using token-level log-probability thresholds to truncate reasoning at
early, mid, and late stages from our baseline models, Gemma-3-4B-IT and LLaMA-
3.1-70B-Instruct, we conduct continuation experiments with Gemma-3-1B-IT and
LLaMA-3.1-8B-Instruct to test intra-family and cross-family behaviors. Our evalu-
ation pipeline leverages truncation thresholds with a Process Reward Model (PRM),
providing a reproducible framework for assessing reasoning stability via model
interchange. Evaluations with a PRM reveal that hybrid reasoning chains often
preserve, and in some cases even improve, final accuracy and logical structure.
Our findings point towards interchangeability as an emerging behavioral property
of reasoning models, offering insights into new paradigms for reliable modular
reasoning in collaborative Al systems.

1 Introduction

Chain of Thought (CoT) prompting emerged as powerful mechanism to improve the reasoning
capabilities of large language models (LLMs) by encouraging intermediate structured reasoning
steps before arriving at a final answer [Wei et al., 2023|]. Previous work has explored how CoTs
improve individual model performance even in zero-shot settings [Kojima et al.| 2023} Zhang et al.|
2022, Jin et al., 2024]. More recently, [Hebenstreit et al.|[2024]] examined the transferability of entire

*Equal Contribution
"Corresponding Author
tSenior Author



CoT sequences by evaluating whether rationale prompts discovered on one model could generalize
reasoning strategies across a range of models and tasks. However, it remains unclear to what extent
reasoning trajectories are interchangeable when only partially reused. In light of this, our aim is
to answer the central research question: To what extent can the modular decomposition of complex
mathematical reasoning tasks enhance the zero-shot performance and interpretability of Large
Language Models, when utilizing a collaborative framework that includes both intra-family and
cross-family LLMs?

In this work, we investigate the process-level interchangeability in language model reasoning by
evaluating how well different models can continue the CoT of another’s midstream. We begin with
full CoT traces generated by a strong base model (e.g., Gemma-3-4B-IT and LLaMA-3.1-70B-
Instruct), recording token-level log-probabilities to guide strategic truncation at 25%, 50%, and
75% of the cumulative log-probability, capturing early, mid, and late stages of reasoning based on
informativeness. From these truncated points, alternative models (including those from different
families or architectures) are tasked with continuing the reasoning process using only truncated
intermediate steps as input We then assess not only accuracy, but also the coherence, semantic
alignment, and logical consistency of the full reasoning chain, by using a Process Reward Model
(PRM) trained to evaluate multi-step mathematical reasoning performance. Ultimately, our aim is to
characterize how steady transferability depends on truncation point, model pairing, and reasoning
domain, yielding clearer interpretations into the dynamics of CoT continuation success that goes
beyond final answer accuracy.

Whereas prior work has explored how CoT prompting improves reasoning within individual models
[Wei et al.| |2023]], whether reasoning can be interchanged across models mid-process remains largely
unexamined.

We provide compelling early evidence that such a handoff is often successful within the same model
family. We show that a partially completed CoT from a strong model, such as Gemma-3-4B-IT,
can often be continued by another model of similar or lesser capacity within the same family. By
leveraging log-probability-based truncation and PRM-based scoring, we found that these hybrid
trajectories maintain high coherence and correctness with minimal loss in reasoning quality.

We found that this practice may not be suitable for all cross-family continuation pairings, as some
unreliably preserve quality and coherence of the reasoning chain in our experimentation. Our findings
expose distinctions across different model architectures and introduce a promising new paradigm for
collaborative reasoning, where high-capacity models can be reserved for the most uncertain portions
of a problem, allowing lighter models to reliably finish the remainder of the task.

2 Related Works

LLMs generate responses by autoregressively predicting outputs based on the preceding context,
which is learned during pre-training [OpenAl et al.| [2024]. As a result, their output can fluctuate even
when prompted with identical inputs, introducing variability in reasoning trajectories [[Amatriain,
2024]. This, coupled with the absence of structured reasoning mechanisms, often leads to inconsis-
tencies in multistep logical inference. Consequently, assessing the reliability and soundness of their
reasoning becomes increasingly complex and therefore requires a more thorough examination [Wang
et al.,2024].

To address these limitations, the concept of CoT prompting was introduced in |Wei et al.| [2023]],
demonstrating that instructing LLMs to reason step-by-step significantly improves performance
on complex tasks. In this approach, LLMs are prompted to generate a series of short statements
that mimic the logical process a person might use to solve a problem. Experiments revealed that
CoT prompting enables models to achieve strong results in tasks of arithmetic, commonsense, and
symbolic reasoning [Wei et al.,|[2023]].

In an effort to enhance LLM reasoning abilities with CoT prompting, Wang et al.| [2023b] introduces
self-consistency to replace the single greedy decoding path in traditional CoT prompting [Wei et al.,
2023||. Their method samples a variety of reasoning paths and identifies the most consistent answer by
marginalizing across all possibilities [Wang et al.,[2023b]]. Beyond improving accuracy, this approach
highlights the inherent diversity of reasoning paths within a single model, suggesting that multiple
valid chains of reasoning can coexist.



Initiatives have also been put forward to extend and refine CoT prompting. Unlike traditional CoT
where each step is independent, Least to Most prompting breaks difficult problems into sequential sub-
problems where the outputs of previous steps are the inputs for the next [Zhou et al.|[2023]]. Moreover,
recent efforts have examined the effects of partial or truncated CoT on model outputs. Lanham et al.
[2023]] measure faithfulness by truncating generated CoT at various points and re-prompting the
model with only the partial reasoning.

Past research has indirectly measured the reasoning ability of LLMs by evaluating them on down-
stream reasoning tasks such as question answering or multi-hop inference [Huang and Changl 2023].
Though, relying on the accuracy of the end task or the success rates is not indicative of step-by-step
reasoning capability. [Huang and Chang| [2023] also explain that current performance measures mix
reasoning ability with task knowledge, resulting in reasoning that cannot be evaluated in isolation.
To resolve this, subsequent work [Nguyen et al.,2024] aims at reasoning process analysis directly,
testing for logical coherence of individual steps, which provides more straightforward methods of
reasoning quality evaluation.

LLM:s frequently make errors when solving mathematical problems step-by-step, making it essential
to identify where the errors occurred during the reasoning process [Zheng et al., 2025]]. As a result,
PRMs have been developed as a direct solution to the shortcomings of traditional indirect evaluation
methods, which only assess final answers. PRMs are specifically designed to evaluate the correctness
of each individual reasoning step, providing feedback that helps guide policy models toward more
accurate and reliable mathematical reasoning [Zheng et al 2025, [Zhang et al.,2025]]. PRMs output a
score or probability that represents the model’s confidence that the reasoning step is logically sound
and contributes productively to problem resolution.

3 Methodology

We introduce a novel chain-splitting approach grounded in cumulative log-probability, whereby
complete solutions are truncated at points of varying model confidence from an initial baseline
model and then continued by a second continuation model. The methodology proceeds in three

components: (Section 3.T) reasoning chain generation, (Section 3.2)) chain truncation via cumulative
log-probability, and (Section 3.3)) model interchange protocols.

3.1 Reasoning Chain Generation

We use an initial model to generate complete reasoning chains for each problem in the test set. Each
generation is performed with temperature set at 0.7, allowing a moderate degree of stochasticity in
token sampling while still favoring high-probability continuations. Let the complete output chain be
a sequence of tokens r = {1, ¢, ...,y }, with corresponding log-probabilities {l1,02,...,4,}. We
compute the cumulative log-probability up to position ¢ as L; = 23:1 ;.

This sequence {L1, Lo, . .., L, } defines the internal flow of confidence of the model throughout the
reasoning process.

3.2 Chain Truncation via Log-Probability Thresholding
To identify semantically meaningful split points in the chain, we define three thresholds based on the
total log-probability L,,:

¢ 25% truncation: first index ¢ such that L; > 0.25L,,

¢ 50% truncation: first index ¢ such that L; > 0.50L,,

¢ 75% truncation: first index ¢ such that L; > 0.75L,,

For each threshold « € {0.25,0.50,0.75}, we extract the prefix 1.5, where
k=min{i: L, > aL,}.

This results in three partially completed reasoning traces per problem, each grounded in the model’s
own internal confidence progression.



3.3 Model Interchange Protocol

Each truncated prefix is combined with a consistent CoT template meant for interchange that includes
the original question, and the resulting prompt is provided to a secondary continuation model (further
details in|Section 8.1). We consider both intra-family and cross-family model pairings more precisely
defined in Each continuation model generates a single completion for each prefix using a
temperature of 0.7, introducing controlled randomness to reflect typical sampling conditions while
preserving coherence. These continuations are concatenated with the original prefix to form hybrid
reasoning chains, which are then run through post-processing to extract the final answer using simple
rule-based extraction.

All in all, for each problem instance, we obtain: one complete chain from the baseline generator, and
multiple hybrid chains resulting from different continuation models and truncation depths (details in

section 4.2)).

4 Experimental Setup

We now outline the experimental conditions under which our chain-splitting framework was evaluated.
This includes: (Section 4.T) the dataset selected to benchmark reasoning difficulty and domain

coverage, (Section 4.2)) the models used for initial generation and continuation, and (Section 4.5) the

metrics employed to quantify the quality of reasoning, compatibility, and the impact of performance
on model interchanges.

4.1 Dataset Selection

An extensive dataset was carefully selected to capture a range of reasoning complexities and domain-
specific scenarios.

* MATH [Hendrycks et al.,[2021]]: consists of 12,500 high-school and college-level mathe-
matical problems that span diverse topics and demanding multi-step solutions, providing
rigorous testing to evaluate advanced mathematical reasoning and generalization.

For our experiments, we evaluated models exclusively on the test splits of the MATH dataset,
consisting of 5, 000 questions.

4.2 Model Selection and Configuration

We adopt Qwen2.5-PRM [Zheng et al., [2025] as our primary Process Reward Model, due to its
fine-tuning on structured multi-step mathematical datasets such as PRM80OK [Lightman et al.,
2023|] and Math-Shepherd [Wang et al., 2023a]. Qwen2.5-PRM is an instruction-tuned variant of
Qwen2.5-Math-7B and supports token-level log-probability outputs.

For model interchange experiments, we select two baseline models and two continuation models:

4.3 Baseline

To establish a baseline for reasoning quality, we employ Gemma-3-4B-IT and LLaMA-3.1-70B-
Instruct to generate CoT exemplars, two state-of-the-art instruction-tuned models from distinct
architectural lineages.

e Gemma-3-4B-IT [Team et al., [2025]], an instruction-tuned variant from the Gemma 3 model
family developed by Google Deepmind with 4 Billion parameters is used to generate
complete Chain-of-Thought reasoning paths, tuned to Gemma’s architecture.

e LLaMA-3.1-70B-Instruct [|Grattafior1 et al., 2024], a large scale variant from the LLaMA 3
model family developed by Meta Al with 70 Billion parameters is used to generate complete
Chain-of-Thought reasoning paths, tuned to LLaMA’s architecture.



4.4 Continuation

* Gemma-3-1B-IT [Team et al., 2025], a lightweight variant from the same Gemma 3 model
family, is used to evaluate how well reasoning chains can be completed by a structurally
similar but smaller model.

* LLaMA 3.1-8B-Instruct|Grattafiori et al.|[2024] representing a different architectural lineage
helps enable testing interchangeability across distinct LLM families. For brevity, we refer to
the aforementioned models as Gemma and LLaMA respectively for the remainder of this
paper.

On the MATH dataset, Gemma 3-1B-IT and Gemma 3-4B-IT performed with accuracies of 48.0%
and 75.6% respectively [Team et al., 2025]]. Moreover, Llama-3.1-8B-Instruct and Llama-3.1-70B-
Instruct performed with accuracies 47.2% and 65.7% [[Yang et al.,2024]. We observe that the two
base models exhibit similar performance levels and, likewise, that the two continuation models
perform comparably.

All models were prompted using one consistent CoT templates, either the interchange or full-run
variant, as detailed in[Section 8.1

4.5 Evaluation Metrics

The hybrid reasoning chains generated were evaluated using a multifaceted set of metrics designed to
assess accuracy, variability, and the impact of model interchanges on reasoning coherence and final
outcomes. Specifically, we consider the following four core metrics:

* Answer Accuracy: Accuracy is defined as the proportion of final answers from generation
that exactly match those from ground-truth solutions. This metric represents the model’s
ability to arrive at the correct final result through its reasoning chain.

* PRM Score: As a PRM is available for scoring, we additionally report average PRM-
assigned scores that capture the internal likelihood and coherence of a given chain regardless
of final correctness. We define the PRM score A’ as the average plausibility score assigned
to each reasoning step in a chain of n steps:

a1 > " PRM(s;)
n
1=1

where s; denotes the i-th step in the chain. While traditional accuracy reflects outcome-level
correctness, A’ provides a step-level assessment of reasoning quality.

» Normalized Relative Gain (NRG): This metric quantifies whether incorporation of reasoning
from another model helps or hinders performance. Given the accuracies of the original
model A and B, and hybrid accuracies A’ (Model A prefix + Model B suffix) and B’ (Model
B prefix + Model A suffix), we define:

A - A B'-B
NRGpg = .
A B B
Positive values indicate a performance gain from model interchange, while negative values
reflect degradation.

NRG4 =

* Cross-Model Degradation (XMD): This metric captures the extent to which the continuation
of a model degrades the original reasoning trajectory. It is defined as:
A-B B—-A
XMD = .
A 9 B—A B
XMD provides a normalized measure of reasoning incompatibility, where higher values
indicate more severe disruptions introduced by the cross-model continuation.

XMDyB =

5 Results

We present results across the MATH benchmark to evaluate model interchangeability across truncation
points. Through our proposed metrics, we look to determine whether model continuation works to



improve or disrupt the original reasoning trajectory. Experimental results were obtained using the
Runpod cloud platform, leveraging NVIDIA H100 PCIe GPUs over approximately 250 GPU hours.

5.1 Full Chain-of-Thought Results

To establish a baseline, we first evaluate each model’s performance using end-to-end CoT reasoning
applied without interruption. For every example in the benchmark, the model is prompted to reason
step by step to completion, producing a complete trajectory from question to final answer. We report
results in terms of final answer accuracy and step-level reasoning score as seen in Table[T]

This baseline allows us to quantify native reasoning strengths and weaknesses of each model without
the effects of interchange.

Model Dataset Accuracy (%) PRM
Gemma-3-4B-IT MATH 68.06% 0.8952
Gemma-3-1B-IT MATH 36.28% 0.7904
LLaMA-3.1-70B-Instruct  MATH 60.80% 0.8725
LLaMA-3.1-8b-Instruct MATH 47.76% 0.8522

Table 1: Performance of reasoning chains fully generated by each model (i.e., with no handoff or
interchange from another model) on the MATH dataset.

5.2 Interchanged Chain-of-Thought Results

Thereafter, to gauge the interchangeability of reasoning processes across different models, we evaluate
the completion of truncated CoT traces. Each reasoning chain is strategically truncated based on
cumulative log-probability thresholds (25%, 50%, 75%), representing early, mid, and late points
in the reasoning process. Subsequently, alternative models are assigned to continue the truncated
reasoning chains through to completion.

We report performance for all continuation combinations, including accuracy, step-level scores, and
coherence ratings as seen in Table 2] & Table[3] This analysis unveils the extent to which partial
reasoning from one model can be reliably extended by another, highlighting cases of both successful
handoff and systematic breakdowns that point to the limits of reasoning interchangeability.

Truncation Continuation Accuracy (%) PRM NRG XMD
25% Gemma-3-1B-IT 41.76% 0.7966 0.3678 0.3864
25% LLaMA-3.1-8B-Instruct  43.60% 0.8393 0.3196 0.3594
50% Gemma-3-1B-IT 49.86% 0.8002 0.3786 0.2674
50% LLaMA-3.1-8B-Instruct  53.24% 0.8585 0.264 0.2177
75% Gemma-3-1B-IT 55.26% 0.8032 0.3500 0.1881
75% LLaMA-3.1-8B-Instruct  63.80% 0.8697 0.1853 0.0626

Table 2: Performance of hybrid reasoning chains by truncation point and continuation model on
MATH dataset, using a fully generated CoT from Gemma-3-4B-IT.



Truncation Continuation Accuracy (%) PRM NRG XMD

25% Gemma-3-1B-IT 36.16% 0.7566 -0.1137 0.4053
25% LLaMA-3.1-8B-Instruct  42.18% 0.8323 -0.0150 0.3062
50% Gemma-3-1B-IT 38.50% 0.7730 -0.0968 0.3668
50% LLaMA-3.1-8B-Instruct  46.26% 0.8456 -0.0072 0.2391
75% Gemma-3-1B-IT 41.98% 0.7811 -0.0827 0.3095
75% LLaMA-3.1-8B-Instruct  50.06% 0.8543 -0.0002 0.1766

Table 3: Performance of hybrid reasoning chains by truncation point and continuation model on
MATH dataset, using a fully generated CoT from LLaMA-3.1-70B-Instruct.

6 Discussion

Our observations uncover degradation in performance when cross-family models are tasked to
continue reasoning midstream initiated by a partially completed CoT. There are several factors likely
responsible for this downgrade in performance:

6.1 Style and Representational Compatibility

A consistent disparity between intra-family and cross-family continuation highlights representational
compatibility as a key factor in multi-model reasoning. Despite receiving high confidence chains,
cross-family continuations (e.g., Gemma-3-4B-IT—LLaMA-3.1-8B-Instruct and LLaMA-3.1-70B-
Instruct—Gemma-3-1B-IT) often fail to maintain correct reasoning. For instance, when LLaMA-
3.1-70B-Instruct’s chain is continued by Gemma-3-1B-IT, accuracy falls to 36.16% at the 25%
mark-nearly a 40% relative decline compared to the base model’s 60.80% full-chain accuracy-
with a corresponding negative NRG (—0.1137). Similarly, continuations from Gemma-3-4B-IT
into LLaMA-3.1-8B-Instruct under perform early on (43.60% at 25%) despite access to confident
reasoning prefixes, yielding a lower NRG of 0.3196 compared to intra-family continuation at the
same depth (Gemma-3-4B-IT—Gemma-3-1B-IT, 0.3678), indicating that these prefixes do not fully
overcome differences in architecture and reasoning style. This pattern suggests a reasoning bias: each
model family tends to rely more on its own reasoning patterns, which may result from structural
differences between the families.

These results are consistent with previous work [Liu et al., 2023|], which noted that structural
differences between model families (GPT-4 in their case) can limit cross-model reasoning transfer,
particularly for complex, multi-step reasoning tasks. While LLaMA models generate coherent chains
within their own family, their internal reasoning representations differ from Gemma’s, which may
hinder smooth continuation across families. This is supported by consistently high XMD values across
truncation points (e.g., 0.4053 at 25% and 0.3095 at 75% for LLaMA-3.1-70B-Instruct—Gemma-
3-1B-IT), suggesting that reasoning coherence is not fully maintained even as longer prefixes are
available. High-confidence reasoning prefixes do not appear sufficient to completely navigate these
differences, indicating that cross-family continuation is constrained by family-specific reasoning
tendencies.

In contrast, intra-family continuations show steady improvement with longer truncation depths. For
example, when Gemma-3-1B-IT continues from Gemma-3-4B-IT, accuracy rises from 41.76% at
25% to 55.26% at 75%, accompanied by moderate NRG values (0.3678—0.3500) and decreasing
XMD (0.3864—0.1881). Similarly when LLaMA-3.1-8B-Instruct continues from LLaMA-3.1-70B-
Instruct, performance increases from 42.18% to 50.06%, with NRG improving from —0.0150 to
near-neutral (—0.0002) and XMD decreasing from 0.3062 to 0.1766. These patterns suggest that the
representational similarity between models supports a more stable continuation and better integration
of context.

6.2 Context Integration Overhead

When deployed late in the reasoning chain (e.g., at the 75% mark), smaller continuation models
such as Gemma-3-1B-IT and LLaMA-3.1-8B-Instruct must interpret and integrate extensive context



generated by larger base models (Gemma-3-4B-IT and LLaMA-3.1-70B-Instruct). As reasoning
sequences lengthen, models may face capacity limits that degrade performance. This bottleneck is
attributed to the finite “working memory”’ of LLMs and the compounding demands of maintaining
logical coherence across many steps [Shang et al.,[2025]]. The effect is especially pronounced when
models are required to interpret and continue reasoning from an externally provided chain rather than
generating all steps from scratch.

On the MATH dataset, truncation depth produces gradual improvements but does not eliminate the
performance gap relative to non-handoff baselines. For example, when continuing Gemma-3-4B-1T’s
reasoning, Gemma-3-1B-IT improves from 41.76% at 25% truncation to 55.26% at 75%, while
LLaMA-3.1-8B-Instruct rises from 43.60% to 63.80%. Similarly, when continuing LLaMA-3.1-
70B-Instruct, LLaMA-3.1-8B-Instruct achieves a smoother progression from 42.18% to 50.06%,
outperforming Gemma-3-1B-IT, which remains between 36.16% and 41.98%. These trends suggest
that architectural alignment facilitates smoother context integration in same-family continuations,
while representational mismatches in cross-family pairs disrupt coherent reasoning.

Despite improvements with longer prefixes, performance remains notably below that of fully self-
generated chains (Gemma-3-4B-IT: 68.06%, LLaMA-3.1-70B-Instruct: 60.80%). XMD values con-
firm this persistent overhead: even at the 75% truncation point, XMD remains non-negligible (0.0626
for Gemma-3-4b-IT—LLaMA-3.1-8B-Instruct and 0.1766 for LLaMA-3.1-70B-Instruct—LLaMA-
3.1-8B-Instruct), indicating incomplete recovery of original reasoning quality.

These observations highlight that truncation depth alone does not ensure effective reasoning trans-
fer. Although larger prefixes reduce uncertainty and contextual loss, architectural and stylistic
compatibility between base and continuation models remains the key factor determining success.

6.3 Error Amplification

Minor inconsistencies or ambiguities in early reasoning steps, especially when generated by a
different model, can compound as LLaMA or Gemma continue the reasoning process. With limited
steps remaining to revise earlier logic (particularly in final-answer-only completions), both models
struggle to recover from upstream errors. These results suggest that effective interoperability in multi-
step reasoning depends on both model capability and the degree of representational and contextual
alignment across reasoning steps.

On the MATH dataset, when reasoning chains generated by Gemma-3-4B-IT or LLaMA-3.1-70B-
Instruct are truncated and continued by smaller models at various points (25%, 50%, 75%), perfor-
mance declines in proportion to both truncation depth and cross-family divergence. When Gemma-
3-4B-IT serves as the base, continuation by Gemma-3-1B-IT (intra-family) improves steadily from
41.76% at 25% to 55.26% at 75%, with NRG values rising from 0.3678 to 0.3500 and XMD decreas-
ing from 0.3864 to 0.1881. Cross-family continuation by LLaMA-3.1-8B-Instruct performs com-
petitively (43.60%—63.80%) but shows slightly lower NRG (0.3196—0.1853), indicating weaker
efficiency in utilizing the provided context. Longer prefixes appear to partially reduce representational
mismatch, leading to more consistent performance over time.

When LLaMA-3.1-70B-Instruct serves as the base model, Gemma-3-1B-IT continuations per-
form substantially worse (36.16°41.98% across truncation points) with persistently high XMD
(0.4053—0.3095) and negative NRG (—0.1137——0.0827), suggesting limited transfer across fami-
lies. Intra-family continuation by LLaMA-3.1-8B-Instruct performs more stably, reaching 50.06% at
75% with NRG improving from —0.0150 to —0.0002 and XMD decreasing from 0.3062 to 0.1766,
reflecting more consistent reasoning integration within the same family.

Comparing fully generated chains with the hybrid results (Table[I)), Gemma-3-4b and LLaMA-3.1-
70B-Instruct still substantially outperform their continuations (68.06% and 60.80%, respectively).
However, their smaller counterparts, especially Gemma-3-1B-IT, demonstrate partial to considerable
recovery when inheriting sufficiently long prefixes, suggesting that similar architecture and tokeniza-
tion structures enhance transfer performance. As seen over 25%/50%/75% truncations, intra-family
continuation (Gemma-3-4b—Gemma-3-1b) improves from 41.76%—55.26% (+13.5 pp), and even
cross-family continuation (Gemma-3-4B-IT—LLaMA-3.1-8B-Instruct) exhibits a greater net gain of
43.60%—63.80% (+20.2 pp). In contrast, continuations from LLaMA-3.1-70b displayed weaker
recovery with LLaMA-3.1-8B-Instruct rising only +7.9 pp (42.18% 50.06%), and Gemma-3-1B-IT
gains just +5.8 pp (36.16%—41.98%). As truncation length increases, reasoning becomes more



coherent, but full recovery is still unattainable, lending credence to how small representational gaps
can compound through multi-step reasoning chains.

7 Conclusion

In this work, we introduced a novel framework for evaluating midstream interchangeability in
large language models, grounded in a chain-splitting paradigm based on cumulative log-probability.
By systematically truncating the reasoning chains generated by our base models and appending
completions from either intra-family or cross-family models, we directly measured the stability and
coherence of hybrid reasoning trajectories. Our experiments on MATH demonstrate that model family
alignment plays a decisive role in the success or failure of such hybrid chains. While intra-family
continuations generally preserved reasoning quality on simpler tasks, cross-family continuations
often struggled to maintain coherence with the partial chains, despite comparable model performance
as referenced in This suggests that models like Gemma and LLaMA may be better
aligned to continue reasoning within their own family than across different architectures.

These findings challenge previous assumptions about model modularity in contemporary NLP. Despite
architectural advances and increasing performance parity across model families, our results suggest
that inter-model transfer in multi-step reasoning remains fragile, constrained by differences in stylistic
alignment, latent variable encoding, and contextual integration. The observed breakdowns reveal a
significant gap between individual task performance and interoperability in reasoning, which is an
area that has received insufficient attention in LLM evaluation.

More broadly, our work highlights the need for new approaches that preserve consistent semantic
reasoning across different language models. As research advances toward compositional and multi-
agent LLM systems, reliable interchangeability will become essential, not solely for efficiency, but
also for alignment, verification, and interpretability. Our methodology provides an initial framework
for diagnosing and quantifying this interoperability gap in a systematic, data-driven manner.

Limitations

* Single Completion Runs: All experiments were conducted using deterministic continuations.
While this reflects realistic deployment scenarios, it limits our understanding of variance
under sampling. Future work should evaluate robustness using multiple stochastic rollouts.

* Task Domain Scope: Our evaluation is confined to math reasoning (MATH). It remains
unclear whether interchangeability generalizes to commonsense, scientific, or multimodal
reasoning tasks.

e Domain-Specific PRMs: We employed a math-specific Process Reward Model (PRM).
Evaluating reasoning quality in other domains will require retraining or adapting PRMs
tailored to those reasoning distributions.

Future Work

* Cross-Domain Generalization: Evaluate model interchangeability on tasks such as
commonsense QA, multi-hop retrieval, scientific explanation, and instruction-following,
where reasoning formats may be more variable or implicit.

* Adaptive Truncation Strategies: Rather than using static log-probability thresholds
(25/50/75%), future work could explore dynamic segmentation based on reasoning
content, semantic shifts, or model uncertainty.

* Collaborative Model Architectures: Deploy multi-agent or multi-model reasoning pipelines
in production environments (e.g., tutoring systems, scientific assistants) to study tradeoffs in
latency, memory, and correctness.



8 Appendix

8.1 Prompting

Full-Run Prompt :

System message: "You are a helpful assistant that solves problems step by step.
Please provide clear reasoning with numbered steps and conclude with your final answer."

User message: "Solve this problem step by step:
Question: [’question’]"

Interchange Prompt :

System message: "You are a helpful assistant that solves problems step by step.
Please provide clear reasoning with numbered steps and conclude with your final answer."

User message: "Solve this problem step by step:
Question: [’question’] [’truncated reasoning’]"

This prompt standardization ensures comparability in reasoning styles across models; slight variations
were applied where necessary to accommodate model-specific tokenization or formatting requirements
without altering the intended instructions or task semantics.
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paper’s contributions and scope?
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Justification: The abstract and introduction do reflect the paper’s claims, contributions, and
scope.
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* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]

Justification: Paper includes a separate limitations section in the paper as detailed in Sec-
tion[7l

Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

* The authors are encouraged to create a separate "Limitations" section in their paper.

The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

 The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory assumptions and proofs
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Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [NA]
Justification: Paper presents an empirical study without theoretical results requiring proofs.
Guidelines:

» The answer NA means that the paper does not include theoretical results.

 All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

* Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

* Theorems and Lemmas that the proof relies upon should be properly referenced.
. Experimental result reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: Paper provides a comprehensive experimental overview for reproducibility
including, experimental methodology (Section [3| ), dataset selection (Section [4.T)), model
configuration (Section[4.2)), and prompting templates (Section 8.T)).

Guidelines:
* The answer NA means that the paper does not include experiments.

* If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.

If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

While NeurIPS does not require releasing code, the conference does require all submis-
sions to provide some reasonable avenue for reproducibility, which may depend on the
nature of the contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
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In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer:

Justification: Paper does not include experimental code at this time. However, paper provides
the complete experimental overview for reproducibility including, experimental method-
ology (Section [3] M), dataset selection (Section [4.1), model selection and configuration
(Section4.2), and prompting templates (Section[8.1).
Guidelines:

* The answer NA means that paper does not include experiments requiring code.

* Please see the NeurIPS code and data submission guidelines (https://nips.cc/public/
guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run
to reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

* The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

* Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.

6. Experimental setting/details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]

Justification: Paper provides a comprehensive experimental overview of test details and con-
ditions including, experimental methodology (Section 3] @), dataset selection (Section 4.1,
model configuration (Section4.2), and prompting templates (Section [8.1)).

Guidelines:
» The answer NA means that the paper does not include experiments.

* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.

7. Experiment statistical significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer:
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Justification: Paper reports single-run deterministic evaluations across 5,000 test problems.
While we do not provide error bars across multiple runs, our large dataset size and consis-
tent experimental framework provide performance estimates. The single-run limitation is
discussed in our Limitations (Section[7) as an area for future work.

Guidelines:
* The answer NA means that the paper does not include experiments.
* The authors should answer "Yes" if the results are accompanied by error bars, confi-

dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

« It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

e It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

* If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.

8. Experiments compute resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: Paper provides information as a part of the experimental results on the type of
GPU used: NVIDIA H100 PCle, cloud platform used: Runpod, and the time of execution:
250 GPU hours (Section [3).
Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

 The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute
than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

9. Code of ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]

Justification: Paper relies exclusively on publicly available datasets (MATH) with no human
subjects or sensitive data (Section [4.1)), focuses on evaluating model behavior without
deploying harmful capabilities (Section[3), and all experiments follow reproducible, well-
documented procedures (Section [4).

Guidelines:
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¢ The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).

10. Broader impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [NA]

Justification: Paper reports foundational findings on LLM reasoning interchangeability not
tied to direct societal implications.

Guidelines:
» The answer NA means that there is no societal impact of the work performed.

* If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

* The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

11. Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]
Justification: Paper does not release new models or datasets.
Guidelines:

» The answer NA means that the paper poses no such risks.

* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

 Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.
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12.

13.

14.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]

Justification: All models and datasets used are properly cited with references to original
publications.

Guidelines:
* The answer NA means that the paper does not use existing assets.
 The authors should cite the original paper that produced the code package or dataset.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

* For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

* If assets are released, the license, copyright information, and terms of use in the package
should be provided. For popular datasets, paperswithcode.com/datasets has curated
licenses for some datasets. Their licensing guide can help determine the license of a
dataset.

* For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

* If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.

New assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [NA]
Justification: Paper does not release new assets.
Guidelines:
» The answer NA means that the paper does not release new assets.

* Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and research with human subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA]
Justification: Paper does not involve crowdsourcing nor research with human subjects.

Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.
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15.

16.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

Institutional review board (IRB) approvals or equivalent for research with human
subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)

approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
Justification: Paper does not involve crowdsourcing nor research with human subjects.
Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
Declaration of LLM usage
Question: Does the paper describe the usage of LLMs if it is an important, original, or
non-standard component of the core methods in this research? Note that if the LLM is used

only for writing, editing, or formatting purposes and does not impact the core methodology,
scientific rigorousness, or originality of the research, declaration is not required.

Answer: [NA]
Justification: Paper uses existing LLMs as experimental subjects, not as tools for ideation

or developing our methodology. LLM usage in the paper is limited to standard editing and
linguistic assistance.

Guidelines:

* The answer NA means that the core method development in this research does not
involve LLMs as any important, original, or non-standard components.

* Please refer to our LLM policy (https://neurips.cc/Conferences/2025/LLM) for what
should or should not be described.
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