AURELIA: Test-time Reasoning Distillation in
Audio-Visual LLMs

Sanjoy Chowdhury®, Hanan Gani*, Nishit Anand, Sayan Nag, Ruohan Gao,
Mohamed Elhoseiny, Salman Khan, Dinesh Manocha
/eQYRYIE\

|18i

L J

Q:AQ. Mohamed bin Zayed
t. % University of
Artificial Intelligence

5 % TORONTO =D KAUST h‘ Adobe

ICCV

0CT19-23, 2025

()

‘\RYL?‘/‘

HONOLULU
HAWAII



https://schowdhury671.github.io/
https://hananshafi.github.io/
https://nishitanand.github.io/
https://sayannag.github.io/
https://ruohangao.github.io/
https://www.mohamed-elhoseiny.com/
https://salman-h-khan.github.io/
https://www.cs.umd.edu/people/dmanocha/

# HONDLULU
Introduction and Motivation !EQ-QM%HHWHII

- 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.
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Contributions

We introduce AURELIA, a testtime 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-GeolQ, AV-Compositional, and AV-Meme subsets.
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Conventional Zero-shot Pipeline

- AURELIA systematically (" Inputs (Video, Audio, Question) ) ‘

Response @

The country
from where the
instrument to
the right of
the instrument
with more bass
originate from

breaks down the problem into

«{* Violin and Piano music

intermediate reasoning steps, Which country did the

instrument to the right of the
instrument with more bass

glJ|d|ng the mOdel toward originate from? k1s Japan. )

(& J . J

more accur at e an d Proposed Zero-shot Pipeline with AURELIA ( — O )
|

. Ste Identify the instrument
interpretable answer. wEth more bags in the wideo.
Step 2. Identify the instrument

to the right of the instrument
with more bass.

The country
from where the
instrument to
the right of
the instrument
with more bass

Step 3. Determine the country .
of the orlgln of the instrument QIl%inite from
identified in step 2. Video LLaMA 2 is Italy.

-
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Inputs (Video, Audio, Question) Stage 1: Reasoning Generation

What is the most popular
food of the country
where the  instrument

. Identify the loudest instrument in the video.

. Identify the instrument to the right of the loudest instrument.

. Determine the country of origin of the instrument identified in step 2.
. Research the most popular food of the country identified in step 3.

a _, AT \l/ TZR(’U,G,,q)

which is to the right of
the loudest instrument
in the video originated?

«{ Violin and Drum Music

< Violin and Drum Music

What is the most popular Reasoner =
1 o egan oo e

000 Of Ehe Codntry Step 1. The loudest instrument appears to be the drum set. Reasoning Distiliation T = argmaxe

where the instrument ~ )

Step 2. The instrument to the right of the drum set appears to be the violin.
Step 3. The violin is generally considered to have originated in Italy.
Step 4. The most popular food in Italy is Pasta.

which is to the right of
the loudest instrument

*/_¥
Suite of 18 Open Source Audio-Video LLMs

in the video originated?

q|

Stage 3: Scoring

Stage 2: Summarization c= S T
e=E&(v,a,c) (r.9)

The video features a live musical performance with multiple
instruments being played. The drum set, which is the loudest

Video LLaMA 2 Video SALMONN

= M(v,a,q,7") &

Repeat Stages Given the

video and

1-3until e instrument in the scene, is centrally positioned. To its
convergence caption right, a violinist is actively playing. The sound of the drum SR -
(Score<T) T Haa set dominates the audio, while the violin adds melodic The most popular Rasts;is aipopular
24 . accompaniment. The video visually focuses on the musicians and e food of the food in Italy which
similarity eece is the country in

country in
question is Pasta.

their instruments, capturing their performance in detail. No
explicit mention of food should be present in the video.

score of 8 Summarizer

question.

Evaluator

out of 10.

- 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.
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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.
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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-GeolQ
for geo-cultural reasoning.

Task ID Question Category Task Name Class  Number
1 Country Recognition AV-GeolQ 17 21
2 Famous Landmark AV-GeolQ 18 23
3 Popular Dish/Food AV-GeolQ 16 19
4 Currency AV-GeolQ 12 13
5 Continent AV-GeolQ 5 17
6 Flag Specifics AV-GeolQ 10 15
) Popular Dance Form AV-GeolQ N/A 20
8 Geographical AV-GeolQ N/A 31
9 Language AV-GeolQ 11 13
10 Commonsense Reasoning ~ AV-GeolQ, AV-Meme, AV-Dance Match N/A 165
11 Musical Performances Music-AVQA, AV-GeolQ N/A 1014
12 Dynamic Scene AVSD N/A 931
13 Meme and Humor AV-Meme N/A 50
14 Dance Performances AV-Dance Match N/A 100
15 Indoor/Kitchen Scenarios VALOR N/A 945
16 Compositional AV-Comp N/A 968
17 Miscellaneous AV-GeolQ, AVSD, VALOR N/A 159




Experimental Results: Quantitative

- By leveraging the zeroshot
reasoning distillation
through AURELIA, we
observe consistent boost in
the performance of all the
AVLLMs
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Models ’ . AVSX'Q‘A T } AV-Captioning } AV-Comp |  AV-GeolQ AV-Meme DM-Match
Closed-Source Models
Gemini 1.5 Pro ‘ 70.6768.9 ‘ 7477725 84.9782.7 38.9736.8 71.2768.0 ‘ 5207490 | 4347415
Reka Core 67.9/64.3 74.5/69.5 83.2/80.4 38.6/35.3 45.7/42.5 | 24.0/19.0 | 35.8/325
Open-Source Models in ZS
PandaGPT (13B) 35.8733.7 29.1726.1 67.8764.7 28.8724.1 1727125 | 2507210 | 3027270
Macaw-LLM (7B) 34.7/31.8 38.4/34.3 67.7/65.9 26.1/24.3 17.2/14.0 | 18.0/140 | 24.5/20.0
VideoLLaMA (7B) 39.1/36.6 40.0/36.7 68.4/66.2 28.8/25.8 193/16.5 | 18.0/160 | 26.6/23.0
ImageBind-LLM 4427439 4277392 69.0/66.9 28.8/25.4 18.0/13.0 | 17.7/150 | 26.2/225
X-InstructBLIP (13B) 47.8/44.5 43.9/40.1 69.5/66.1 27.5/25.9 27.6/14.5 | 18.7/150 | 27.3/245
AV-LLM (13B) 4827452 55.4/52.6 70.1/67.6 29.6/26.1 18.0/14.5 | 24.4/200 | 29.4/27.0
OneLLM (7B) 49.9/47.6 52.3/49.8 71.6/68.1 29.7/26.3 20.9/17.0 | 24.5/180 | 28.8/26.5
AVicuna (7B) 51.6/49.6 56.2/53.1 71.2/67.9 29.6/26.6 19.7/16.5 | 284/23.0 | 29.6/27.0
CREMA (4B) 56.8/52.6 62.3/58.6 73.8/68.4 31.6/27.0 23.8/19.0 | 29.0/260 | 31.5/285
VideoLLaMA?2 (7B) . @ 70.4/68.3 29.7/26.8 25.7/22.0 | 27.5/23.0 | 284/255
AnyGPT (7B) 53.7/50.7 59.2/56.9 72.51/68.1 28.8/26.2 25.7/22.5 | 24.0/19.0 | 28.9/255
NEXT-GPT (7B) 53.5/50.9 58.4/56.3 68.7/67.9 28.0/26.4 23.8/22.0 | 19.5/160 | 32.3/28.0
Unified-10-2 L (6.8B) 58.3/55.1 60.0/57.9 73.8/70.1 31.8/27.2 25.6/21.5 | 26.5/220 | 29.3/275
Unified-10-2 XL 61.3/57.2 59.7/58.6 73.7/71.8 30.0/28.5 24.7/22.5 | 29.0/260 | 29.6/27.0
Bay-CAT (7B) 55.6/53.8 58.3/56.5 71.9/69.5 31.9/28.2 24.4/20.5 | 22.0/180 | 29.8/27.5
Video-SALMONN (7B) 56.8/54.9 58.7/57.2 71.1/70.2 29.8/217.5 24.7/22.0 | 21.0/17.0 | 27.5/265
VITA (7B) 59.0/58.6 61.2/60.1 73.8/72.9 30.1/29.2 26.7/255 | 44.0/41.0 | 29.2/275
Open-Source Models with AURELIA
PandaGPT (13B) 3T TP OSIGTSL TR 251050 BTIOR
Macaw-LLM (7B) 38 73.51L3% L o
VideoLLaMA (7B) 4TS A0Sk
ImageBind-LLM 44041275 72818814
X-InstructBLIP (13B) 46.9*1° 72.680%
AV-LLM (13B) 570400
OneLLM (7B) ‘ 5531
AVicuna (7B) 55. 3"‘ "‘ 578t
CREMA (4B) 59.8°" 67.2714¢
VideoLLaMA?2 (7B) - -
AnyGPT (7B) 5691 62.5%%4%
NEXT-GPT (7B) ‘ 60.877
Unified-10-2 L (6.8B) ! 62.0°79%%
Unified-I0-2 XL (6.8B) 62.3%! 62.87710%
Bay-CAT (7B) 58.5*" Gl E ;
Video-SALMONN (7B) 50:8 52 61.7:72 37 5"\ L
VITA (7B) 626" 66.5""% 33.8°"°




Experimental Results: Qualitative

- Compared to vanilla zero-shot inference, AURELIA augments the target
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model with reasoning capabilities, leading to the improved answers.

DM-Match

<

A

Violn, Acordian and

How many instruments are sounding in the video?

Zero-shot Response

Identifying the instruments in the
video

%

Violin and an accordian are the
instruments in the video

Identifying number of instruments
in the video

There are two sounding
instruments in the video

]

.
GT Answer: Three

Zero-shot with AURELIA

Step 1. Identify all the visible instruments being
played in the video.

s Step 2. Determine if any instruments are being
played that are not visible in the video based on
the audio.

;Vno\m and Accordian are the visible instruments being
Iplayed in the video. Piano is being played, based on the
{audio, but is not directly visible being played in the video.

iNumher of sounding instruments in the video are three.

1
i
|
)

" ¢ FEmemaas [audio1], [audio2], [audio3], or [audiod] that you think best corresponds to the dance in
&5 [video1]? Audio 1: Blues music, Audio 2: Folk music, Audio 3: Jazz music, Audio 4: Hip-hop music
& Zero-shot Response Zero-shot with AURELIA @)
q @ Identifying the scenario in the [Step 1. Identify the tempo by analyzing the movement
video sreed
- . P vtz | Step 2. dance style (e.g.,

;' There are two people in the 1 ssa'sa'ah::'h"_p' wx:tz)r; h i iy with
! video who are moving | tep 3. Identify whether the steps align naturally wit

the audio’s rhythm

Identifying which type of music is
suitable for the scenario

{The tempo is very fast, after analyzing the movement

| speed. Dance style characteristics resemble hip-hop

| music. Yes, steps naturally align with the hythm of the
| audio. Audio 4: Hip-hop music

)
Audio 3: Jazz music % 3
J

—

AV-Compositional

s

4 Drono whirring sound

4

Macoelist

What is the sequence of events in the video? A. A drone whirring followed by a crashing sound
B. A drone crashing followed by a whirring sound C. Condenser followed by Louver

Zero-shot Response

Identify the object flying in the
video

H Adrone is seen flying in the |
| video i

What happens after the drone
crashes?

B. A drone crashing followed %
by a whirring sound

GT Answer: A drone whirring
followed by a crashing sound

Zero-shot with AURELIA

ﬁ Step 1. Identify the object being controlled in the video.
&8 | step 2. Describe the initial state or position of this object.
weenit | Step 3. Note down all sounds from the video.

Step 3. Describe the final state or position of this object

and any sound it makes.

>

The object being controlled is a drone. The drone is initially flying. i
There is a whirring sound coming from the video. In the end, the |
drone crashes, making a crashing sound. Sequence of events in the |
video is a drone whirring followed by a crashing sound.

)
J

Zero-shot Response Zero-shot with AURELIA
B Identifying the object making Step 1. Identify the object making the sound.
sound Step 2. Identify the brand name of the object.
e 0. . mworr | Step 3. Determine the country of origin for that
= | The object making the sound is a i brand.
ﬁ | clock | Step 4. Identify the continent where that
country is located. )
| [ Identifying where the object was ‘ - Iy ¥
discovered.
v Ll i The object making the sound is an alarm clock. ‘;
[ 1 | The brand name on the clock is Casio. Casioisa |
Clock was introduced in America. % | | : : ) |
« Alarm Clock sound i | | Japanese company. Japan is located in Asia. /|
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