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Introduction and Motivation

- Audio-Visual (AV) reasoning is crucial for capturing abstract nuances that text 

or images alone cannot convey.

- Current AVLLMs are prone to cultural, contextual, and perceptual biases in 

training data, relying on dominant visual or auditory cues over true reasoning.

- Recent advances in reasoning remain largely unexplored for AV models.



Contributions

- We introduce AURELIA, a test-time multi-agent reasoning distillation 

framework for addressing challenges in audio-visual cross-modal 

comprehension by mitigating visual and auditory biases without the need for 

additional training

- Using our pipeline, we build AVReasonBench with 4,500 samples across six 

tasks, plus new AV-GeoIQ, AV-Compositional, and AV-Meme subsets.



Overview of AURELIA

- AURELIA systematically 

breaks down the problem into 

intermediate reasoning steps, 

guiding the model toward 

more accurate and 

interpretable answer.



AURELIA Framework

- Multi-Agent Framework: AURELIA employs an interactive Actor-Critique setup 
where a Reasoning Generator proposes structured, step-by-step reasoning 
based on input audio, video, and query. A Summarizer Agent condenses these 
steps into a coherent caption, and an Evaluator Agent scores how well this 
reasoning aligns with the given AV input. Feedback refines the reasoning 
iteratively until it surpasses a quality threshold or exhausts iterations.



AURELIA Framework: Properties

● Zero-Shot Reasoning Distillation: Rather than requiring new training or 

fine-tuning, AURELIA distills the refined reasoning steps into AVLLMs at 

inference time, enabling improved reasoning without modifying model 

weights. 

● Bias Mitigation via Structured Reasoning: By breaking the problem into 

logical steps, AURELIA helps AVLLMs move away from relying on superficial 

visual or auditory cues, addressing cultural and perceptual biases.



AVReasonBench

- Leveraging AURELIA, we build AVReasonBench, a benchmark with 4,500 audio-visual 
question–answer samples, each paired with detailed reasoning. It includes six task 
categories such as commonsense, music understanding, humor, and a new AV-GeoIQ 
for geo-cultural reasoning.



Experimental Results: Quantitative

- By leveraging the zeroshot 

reasoning distillation 

through AURELIA, we 

observe consistent boost in 

the performance of all the 

AVLLMs



Experimental Results: Qualitative
- Compared to vanilla zero-shot inference, AURELIA augments the target 

model with reasoning capabilities, leading to the improved answers.
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