SpatialTree: How Spatial Intelligence Branches Out in MLLMs
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3 OUR SHIFT: A CAPABILITY-CENTRIC HIERARCHY

“Each stage builds on the stage before it. " — Jean Piaget, cognitive development
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Four-layer hierarchy rooted in foundational multi-modal capabilities (LO)

— branching from Basic Perception (L1) to Agentic Competence (L4).
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Finding 1: Single-ability L1 SFT Finding 2: The holistic integration

Capability-first, we recast it as SpatialTree — a hierarchical taxonomy: Same Ability, Different Emphasis Across Levels
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Sample Cases Across the Hierarchy

Concrete cases our data engine builds — L1 perception to L4 agentic action

A Accuracy vs. SFT Baseline (pp)

Correlation — causation. If low-level abilities underpin higher
levels (B, C), training them should transfer upward — verified by
SFT (Findings 1-2) and scaled by RL (Finding 3). —>
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This work then studies all three: structure - transfer - training
Scan the code, or visit spatialtree.github.io Paper - Code - Leaderboard

Foundational Composition Reasoning Embodied

) Full RL @think - a/ways reason @ Full RL @auto-think - reason on demand

Finding 3: Auto-think — suppress reasoning

L4 - Manipulation L4 - 3D-Game Nav
Pick the next gripper action

L2 - Affordance
Where to hold, sit & pedal to ride?

L1 - Orientation

L3 - Geometry Puzzle

Two folds + a punch — unfold to?
(4-D)

for perception, amplify it for planning —

Estimate camera roll & pitch vs. gravity Plan the moves to reach the target view

unlocks consistent gains across the hierarchy.



