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A physics problem that requires force analysis

Introduction
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Force analysis between two positive and one negative

Try a quick sketch
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Introduction

Force analysis between two positive and one negative

“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⬊.

……
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[Text Clue] → [Visual Input] → [Sketching] →

A back-and-forth
process between 

interpreting visual 

inputs and applying 

multimodal reasoning 

steps

[Option Matching] → [Answer]

What is MM Reasoning?



What is MM Reasoning?

Multimodal reasoning

A back-and-forth
reasoning process 
between 
Multimodality

Visual aids are often integral or more efficient for the solution. 



Multimodal reasoning

A back-and-forth
reasoning process 
between 
Multimodality

Introduction

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



Introduction

The answer seems to be negative.



Introduction

The Model fails to identify the direction of repulsion.

“Alike repel” ⬉



Is this common?
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Is this common?



An Enhanced MultiModal ReAsoning 
Benchmark!

We need !



• Demands cross-modal reasoning

• Not solvable by single-modality 

reasoning

• Serve as an enhanced test suite 

for evaluating MLLMs' reasoning 

capabilities

EMMA
Homepage



EMMA vs Others

Existing benchmarks (such as MathVista, MMMU, etc.)  often emphasize 

text-dominant reasoning or rely on shallow visual cues, failing to 

adequately assess integrated visual and textual reasoning.

Homepage



EMMA vs Others
Homepage



An Enhanced MultiModal ReAsoning Benchmark

Graph Reasoning 0.32%

Visual Decomposition 2%

Field Simulation 1%

Multi-Hop Rea 1%

Graph Rea 1%

Path Tracing
0.47%

• 2,788 total problems

• 1,796 are newly constructed

• Covers math, physics, 

chemistry, coding
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• 2,788 total problems
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chemistry, coding

EMMA-mini: 

A more balanced subset of 400 questions 

randomly sampled (100 /subject).



• To estimate expert-level performance on EMMA-mini, we hire a group 

of human experts per subject and report their average score. 

Human  Experts Performance

• This score serves as a baseline contextualizing model performance.

Leaderboard



Even the most advanced model Gemini-2.5-pro, or the performance of 

o3/o4-mini models that can invoke visual tools still lags behind human 

experts by more than 20%.

SOTA and Tool-used Models
Leaderboard



• Physics: Though requiring high-level scientific knowledge, Gemini 2.5 Pro outperforms

• Math: Less knowledge-intensive and more intuitive for humans, yet the performance gap 

remains large

A Closer Look
Leaderboard



Model Performance(EMMA-full)
Leaderboard



Human Sketch vs Model Response

Observation:

Human experts tend to use 

simple hand-drawn sketches 

for "visual thinking and 

spatial simulation".

Models (such as o3) rely on 

detailed, structured textual 

steps for reasoning.
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“The ability to organically reason 

over and with both text and images 

is a pillar of human intelligence.”

Human vs Model

MLLMs 

• Language-dominant reasoning 

limits vision-centric insight

• underuse vision for flexible, 

human-like inference



Most errors stem from visual reasoning challenges

Visual Reasoning vs Text Reasoning



Most errors stem from visual reasoning challenges

Visual Reasoning vs Text Reasoning



How to improve MM reasoning?



How to improve MM reasoning?

Chain-of-Thought



⓵ CoT：

How to improve MM reasoning?

Divergent tendencies across closed- and open-source models.



⓵ CoT:

How to improve MM reasoning?

Visual-centric tasks
Allow to benefit from 

language-based reasoning



⓵ CoT:

How to improve MM reasoning?

More visual reasoning → less CoT benefit

CoT introduces more hallucinations for open-source models.
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⓵ CoT:

How to improve MM reasoning?

Thoughts show superficial 

association with spatial 

manipulations and 

relations, rather than 

genuine visual reasoning.



⓵ CoT:

How to improve MM reasoning?

Thoughts show superficial 

association with spatial 

manipulations and 

relations, rather than 

genuine visual reasoning.

Calls for spatial 

imagination beyond 

the power of 

language. 



How to improve MM reasoning?

Test Time Compute Scaling



⓶ Try various test-time compute scaling strategies

How to improve MM reasoning?

e.g., majority voting, best-of-N, and tournament（up to 16 times）



More textual CoTs candidate ≠ Better visual reasoning

How to improve MM reasoning?

Particularly for tasks requiring fine-grained spatial understanding or multi-step reasoning



How to improve MM reasoning?

Reinforcement Learning Scaling



⓷ Try RL training to scale

Maybe promising

• VL-Rethinker: Incentivizing Self-Reflection of Vision-Language Models with Reinforcement Learning

• SRPO: Enhancing Multimodal LLM Reasoning via Reflection-Aware Reinforcement Learning

• ……

How to improve MM reasoning?



• From language-driven to 

cross-modal collaboration 

for MM Reasoning

Future Work

• Visual reasoning is a key 

bottleneck

• New paradigms needed！



• Scaling of Modality-unified 

Models

• Enhanced Visual 

Generation and Interaction

Future Work



Can MLLMs Reason/Think in Multimodality? 

Homepage

Thanks!

Yunzhuo Hao Jiawei Gu Huichen Will Wang Linjie Li Zhengyuan Yang Lijuan Wang Yu Cheng

Twitter
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