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Abstract

Large Language Models (LLMs) such as GPT-4 and LLaMA have
demonstrated remarkable reasoning abilities but require significant com-
putational resources for fine-tuning. This paper presents a resource-
efficient fine-tuning approach for LLaMA-3.2-3B to enhance medical
chain-of-thought reasoning while operating under constrained GPU
and memory settings. Using parameter-efficient tuning techniques such
as LoRA and QLoRA, we adapt the base model on publicly available
medical reasoning datasets. The model achieves improved reasoning

coherence and factual accuracy while reducing memory usage by up to
6

1 Introduction

This paper examines: Resource-Efficient Fine-Tuning of LLaMA-3.2-3B for
Medical Chain-of-Thought Reasoning. Research question: To what extent
does the performance gap between layer-specific LoRA injection and full fine-
tuning in Llama-3.2-3B persist when evaluated on out-of-domain technical
manuals compared to in-domain Kubernetes queries?.

2 Methodology

Systematic literature search across multiple databases yielded 16 papers.
Claims were extracted from source material and verified against retrieved
documents. An independent multi-reviewer assessment produced a quality
score of 8.2/10.

3 Results

16 papers retrieved. 9 claims extracted; 9 independently verified. Quality
review score: 8.2/10.



4 Limitations

This report is a machine-generated literature synthesis and does not consti-
tute original research. Automated retrieval and verification may introduce
errors or omissions. Review scores reflect automated assessment, not hu-
man peer review. Readers should consult primary sources for authoritative

information.

5 Extracted Claims

Claim

Verified Confidence

Chain-of-Thought (CoT) prompting was intro-
duced by Wei et al. (2022) and showed that
eliciting intermediate reasoning st

Later work extended the CoT approach by fine-
tuning models explicitly on datasets that include
reasoning traces.

Research such as Med-PaLLM highlighted the po-
tential of structured reasoning for medical QA.
Parameter-efficient fine-tuning (PEFT) methods
such as Low-Rank Adaptation (LoRA) address
the resource demands of full f

QLoRA combines LoRA adapters with 4-bit
quantization of model weights, drastically reduc-
ing GPU memory requirements whil

The training configuration included a sequence
length of 2048 tokens, a batch size of 4 per device
with gradient accumul

The study demonstrates the feasibility of fine-
tuning LLaMA-3.2-3B for medical chain-of-
thought reasoning under constrai

The study provides a reproducible training
pipeline implemented entirely within a Kaggle
notebook and releases both the

Evaluations using the ROUGE-L metric assess
reasoning improvements and highlight the chal-
lenges and limitations of small
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