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Outline

1. WHAT does it mean to Think in multimodality?

(              : multimodal reasoning)

2. HOW to truly Think in multimodality?

(      ThinkMorph)   



A physics problem that requires force analysis.

What is MM Reasoning?

Gu, Jiawei, et al. "Can mllms reason in multimodality? emma: An enhanced multimodal reasoning benchmark." arXiv preprint 

arXiv:2501.05444 (2025).



What is MM Reasoning?

Force analysis between two positive and one negative

Try a quick sketch



What is MM Reasoning?

“Alike repel”

“Opposites attract”

Mult imodal  reasoning quest ion  in EMMA Human reasoning Model reasoning (GPT-4o)

The	direction	of	the	electric	force	due	to	-2Q	and	
+3Q can	be	visualized	with	a quick	free-body	
sketch	of	the	electric	forces:

Question: Three	point	charges,	of	charge		+Q,	-2Q	,	and	+3Q	,	
are	placed	equidistant	as	shown.	Which	vector	best	describes	
the	net	direction	of	the	electric	force	acting	on	the	+Q		charge?

attractrepel

Combining	the	forces:
∵ |+3Q|>|-2Q|
repel		>	attract	

Error: The	issue	arose	from	not	correctly	
identifying	the	force		direction	from	+3Q
to	+Q,	which	causes	the	net	force	to	
point	⬉,	not	downward-right⬊.

……

The direction of joint force is clear.



Think in Multimodality

A back-and-forth
thinking process 
between
Multimodality

What is MM Reasoning?



Challenge

Can MLLMs perform this type of "cross-modal" reasoning?



Challenge

The answer seems to be negative.



Cross-modal Reasoning is Challenging

MLLMs 

• Language-dominant

reasoning 

• Vision bottleneck exists

• 80% vs 20%



What can we do NEXT?

New paradigms 
needed！



Gu, Jiawei, et al. "ThinkMorph: Emergent Properties in Multimodal Interleaved Chain-of-Thought Reasoning." arXiv preprint arXiv:2510.27492 (2025).



Related Work

indirect

Natural

(Native Any-to-Any)

Truly



Text and vision contribute complementary information that 
progressively drives the reasoning process toward the solution. 

ThinkMorph (base unified model)



Four Vision-centric Tasks

Interleaved thought format: text-image-text



Jigsaw Assembly

The image below is a 2x2 jigsaw puzzle… Your task is to determine the correct arrangement …

A. The top-left part should be Part 1; the top-right part 
should be Part 4; the bottom-left part should be Part 3; 
and the bottom-right part should be Part 2.

B. The top-left part should be Part 2; the top-right part 
should be Part 1; the bottom-left part should be Part 4; 
and the bottom-right part should be Part 3.

C. The top-left part should be Part 2; the top-right part 
should be Part 4; the bottom-left part should be Part 3; 
and the bottom-right part should be Part 1.

D. The top-left part should be Part 4; the top-right part 
should be Part 2; the bottom-left part should be Part 3; 
and the bottom-right part should be Part 1.



Jigsaw Assembly

The image below is a 2x2 jigsaw puzzle… Your task is to determine the correct arrangement …
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Jigsaw Assembly

The image below is a 2x2 jigsaw puzzle… Your task is to determine the correct arrangement …

<think>…  analyze the visual content of 

each piece and determine their correct 

positions based on natural image flow… 

</think>

<think>…  There are no visible 

discontinuities … harmoniously unified… 
</think> <answer> C </answer>



Spatial Navigation

Your goal is to guide a player from the start to the goal on a grid map while avoiding holes ...
Provide your solution as a sequence of moves ...

<think>Let‘s analyze the maze step by step: 

Step 1: Identify the grid and obstacles  The 

player starts at the top-left corner (let's call 

this position (1,1))

… </think>

<think>…carefully 

verify the path I plotted. The red arrows start at 

the top-left … </think> <answer>\boxed{

D,R,D,D,R,R,D,D,R,R} </answer>



Data for SFT 



Bagel



CE loss for text and MSE loss for vision

ThinkMorph (base Bagel)



1(text)+1(image)>1(text/image-only) ?



ThinkMorph

• Interleaved reasoning excels on vision-centric tasks. 

• Interleaved vs. Others: +5.33% (vs Text-only & vision-only)



Generalization

ThinkMorph with 24K samples vs. Large VLMs:  MMVP, SAT



Beyond Performance …

We started noticing something unexpected





• Zoom-in (most)

• Inpainting

• Multi-box generation

• Motion forecasting

• Perspective Shifting

• Region cropping

•... and more

8 Types :



Example

➢ "Is the bell pepper red or yellow?”
→ Model automatically zooms in to 
distinguish colors

✓ Mirrors human visual inspection

Emergent Property 1

• What Scale?  Up to 10%



➢ Text Cues Trigger Visual Actions:

➢ Pretraining: supplies ability

Emergent Property 1

• Why This Happens?

Textual Cue Visual Actions

"examine closely" / "focus on" Zoom-in

"restore" / "reconstruct" Inpainting

➢ Fine-tuning: directs it for reasoning



The Surprise:

➢ Trained exclusively on interleaved data

➢ Model switches to text-only reasoning

➢ 5.3% of inference cases in MMVP



Emergent Property 2

• Why This Happens?
✓ Visual redundant → Text suffices
✓ Visual essential → Stay Interleaved



Interleaved reasoning demonstrates robust scaling advantages, 
particularly on challenging benchmarks where unimodal 
approaches plateau or decline.



Emergent Property 3

• Why This Happens?

➢ Interleaved explores broader space

• Unimodal: Text OR Vision (confined)

• Interleaved: Text AND Vision (diverse)

➢Robust scaling under distribution shifts

• OOD results



Generalization with Emergent Properties

✓ Unseen manipulations continue on OOD

✓ Autonomous mode switching stays adaptive

Property③: Task-Dependent Scaling Patterns

➢ Reasoning-Intensive     
• VStar: +5.89%            
• CV-Bench: +2.39%       
• Monotonic growth      

➢ Perception-Focused
• MMVP: U-shaped
• BLINK-J: drops then up
• Needs larger N



Thanks! Happy to take any questions you have!

Jiawei Gu
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