
Scaling up multimodal models has enabled remarkable advances in visual understanding and reasoning, but practical 
demands call for smaller, efficient systems. However, the consequences of downscaling intelligence remain poorly understood. 
Namely, when a smaller language model serves as the backbone, which capabilities degrade the most, and why?
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Takeaway 1: LLM downscaling is most detrimental to vision-centric capabilities rather 
than base LLM abilities.

Takeaway 2: While LLM downscaling expectedly impairs visual reasoning, isolating its 
impact solely on perception still reveals severe performance degradation across a wide 
range of tasks, often matching or exceeding its effect on reasoning.

Hypothesis: LLM downscaling's effect on perception arises from the heterogeneity of 
how perception is learned under visual instruction tuning.

Takeaway 3: Visual extraction tuning proves an effective and 
efficient solution for alleviating the perception bottleneck of 
small multimodal models.

Takeaway 4: Utilizing CoT boosts visual 
reasoning capabilities without requiring 
any supervision on visual data.

- EXTRACT+THINK outper-
forms decoupled 
baselines (with ~12× 
smaller perception, 
~41× smaller reasoning 
than PrismCaptioner) 
and competes with 
end-to-end models 
trained at vast scale

- Visual extraction tuning 
is highly data-efficient, 
improving over LLaVA-
OV-0.5B with 95% 
fewer visual samples

- Tasks with largest performance drops under LLM downscaling rely heavily on visual 
processing, not the base LLM
- The greater the impact of LLM downscaling, the more the task relies on visual information to 
be solved

- LLM downscaling expectedly hinders visual reasoning
- LLM downscaling markedly impairs perceptual abilities, affecting a wide spectrum of tasks

Visual Extraction Tuning: We propose visual extraction tuning as a 
solution to unify perceptual abilities of the perception module while 
enabling it to extract question-relevant information and operative 
effectively across the diverse domains present in visual instruction 
tuning.

Step-by-step Visual Reasoning: In the two-
stage framework, text bridges perception 
and reasoning, enabling CoT reasoning over 
visual details without requiring explicit visual 
reasoning supervision.

Distilling Insights: Guided by these insights, we now present our final 
approach, EXTRACT+THINK. Specifically, we employ the perception 
module trained under our proposed visual extraction paradigm and a 
reasoning module enhanced with CoT reasoning. 

Examining Effect of LLM Downscaling Across Tasks Decoupled Perception / Reasoning Analysis

EXTRACT+THINK

Plotting Performance Dropoff from 
Downscaling vs. Visual Reliance of Task

Examining Tasks Most Affected By LLM Downscaling

Perceptual SimilarityMulti-Image VQA Grounding

Is Image A or Image B more similar to the reference?Do these four images fall 
into the same category?

Where is the catcher 
located?

Image A Reference Image B
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Perception Downscaling Reasoning Downscaling
(a) Framework for Decoupling Perception/Reasoning

Visual Extraction: 
Describe the fine-
grained content of the 
image… Especially, 
pay attention to the 
initial number of 
objects, the number 
of tiny shiny balls, the 
number of purple 
objects.

Output: The image 
displays a collection of 
3D-rendered objects 
on a flat surface. 
There are three tiny 
balls, two of which are 
matte cyan and one is 
shiny green…

You are an excellent 
reasoning expert 
required to answer 
the question based on 
the detailed 
description of the 
image. Description: 
The image displays a 
collection of 3D-
rendered objects…

Answer: The 
description mentions 
ten objects. One of 
these objects is a tiny 
shiny ball and one is a 
purple object, so the 
number of remaining 
objects is eight.

(b) Perceptual and Reasoning Downscaling Results

VLM
(Perception 

Module)
∈{0.6B,1.7B,4B,8B}

LLM
(Reasoning 

Module)
∈{0.6B,1.7B,4B,8B}

Stage 1: Perception Stage 2: Reasoning

Question: Subtract 
all tiny shiny balls. 
Subtract all purple 
objects. How many 
objects are left?

(c) Per-task Analysis
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0.11 Mean Decrease 

Visual Extraction Tuning Data Generation Pipeline

Question: Which solution has a higher 
concentration of blue particles?
Answer: They have the same 
concentration.

Convert 
Question/Answer 
Pair To Statement 

VLM

VLM
!

Generating visual extraction tuning data via the proposed visual instruction to visual instruction 
pipeline. Given an instruction tuning example, it is converted to a visual extraction example by (1) 

Visual Instruction Tuning Example Convert Question/Answer Pair To Statement

The two solutions have equivalent 
concentration of blue particles

Formulate Visual Extraction Question

Describe fine-grained content of image. 
You must incorporate information about 
how the two solutions have equivalent 

concentration of blue particles.

Visual Extraction 
Tuning Data

Effect of Visual Reasoning via CoT with Thinking Mode

Examining Effect of 
LLM Downscaling
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Downscaling Perception
Downscaling Reasoning

8.0B 4.0B 1.7B 0.6B

Left has 35mL 
solvent with 9 

blue particles… 
Right has 35mL 
of solvent with 

9 blue particles.

Which solution has a higher concentration of 
blue particles? Please reason step by step. 

LLM+

<think>
…

</think>
They are 

equal

Alleviating Perception / Reasoning Bottlenecks3

Unifying Perception Skills via
Visual Extraction Tuning

Step-by-Step Thinking About 
Extracted Visual Details

Describe fine-grained 
details. Pay attention 
to the concentration 
of blue particles in 

each solution.

Which solution has 
a higher 

concentration of 
blue particles?

VLM

Visual instruction Visual extraction prompt


