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TL;DR We identify complementary contributions of object-location information and query-role representations to spatial reasoning across visual and textual inputs, and
improve accuracy and consistency on held-out natural-image benchmarks through role-direction steering.

RESEARCH QUESTION How is location information propagated from source to query, and used to compare target/reference roles for predictions?

0 Task, paired consistency tests, and three input conditions a Hypothesized mechanism
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6 Location information is causally linked from source to query to answer
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LLaVA-1.6-Mistral-7B. Held-out location decoding, prototype geometry and relation-sign prediction. Swapped-scene source patches: corrupt-directed query-score shift Am / answer flips (%). All-layer means. Input unchanged. Peaks across layers (a = 5); control directions yield weaker flips.
Location IDs support held-out location prediction and query-side relational Source interventions alter query-side location information and shift Location-ID steering changes predictions
comparison, outperforming shuffled-label and orthogonal-axis controls. answer preferences.

° Role directions causally affect predictions and generalize to natural images
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target-/reference-first queries.
0 Conclusion Actionable Blueprints
[ Localize ] »[ Test causal ] »[ Estimate role ]»[ Steer query-object ]»[ Transfer to ] » Counterfactual Consistency Training: Enforce swap & reversal invariance during SFT / RLHF.
representatlons contributions directions states natural Images

» Explicit Role-Conditioned Cross-Attention: Guard against role-assignment corruption in mid-layers.

Our analyses show that models compare location information at query-object mentions according to 3 Test-Time Role Direction Steering: Zero-cost inference-time intervention to boost consistency.
the objects’ target/reference roles. Steering along role directions estimated on synthetic scenes

Improves accuracy and paired consistency on natural-image benchmarks without retraining.



