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One.

If one apple is taken 
away, how many 

apples on the table?

As humans, we can reason through scenarios even with incomplete perceptual 

knowledge, using imagination to bridge knowledge gaps.

Mental Imagery: Creating or manipulating 

sensory-like representations in the mind 

without direct external stimuli.



Case Study: In 3D reasoning, real-time access to an accurate scene is often 

limited by:

• Specialized equipment requirements.

• Prolonged scanning times.

• Complex reconstruction processes.

Hypothetical 3D Reasoning (Hypo3D): Use an easy-to-access context 
change description to imagine the updated scene and adjust reasoning 
results accordingly.



Example of Hypothetical 3D Reasoning



Context Change

1. Each object mentioned in change must have a uniquely specified location if it appears 

multiple times.

2. Each change should be spatially feasible within the scene layout.

3. Each change must be relied on the original scenes.



Questions & Answers

1. Each question can only be answered using both the scene and context change, as neither is 

sufficient on its own.

2. Answers cannot be inferred from commonsense knowledge (e.g., bed is larger than pillow).

3. Each question has a unique and unambiguous answer.



Data Generation Pipeline



• Substantial performance gap between human and models.

• Models perform particularly poor on movement and replacement changes.

• Closed-source models does not always outperform open-source counterparts.



Models struggle with direction-based questions.

Exact Match Results SBERT Score Results



Reasoning in hypothetically changed scenes is more challenging than in 

unchanged scenes.

w/o change: Current Scene + Question → Answer

w. change: Past Scene + Context Change + Question → Answer



Models hallucinate when changes are irrelevant.

Example：
Context Change: The cup is moved from table to the chair.

Question: What is the color of the cup?
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