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Abstract: Transportation research often relies on observations of what actually happened, while
many important safety and operations questions concern what could have happened under different
physical, behavioral, or environmental conditions. This talk presents three recent efforts toward
scalable and physically grounded counterfactual transportation analysis. SceneFactory enables
massively parallel simulation of alternative physical conditions in real driving scenes; SIREN-
Bench generates configurable emergency-vehicle interactions with varied agent behaviors; and
MuSync-GS creates physically synchronized scene edits in which roadway changes propagate
through vehicle motion, camera pose, and visual appearance. These capabilities support
counterfactual traffic analysis that is scalable, behaviorally responsive, and physically consistent,
while opening new directions in counterfactual infrastructure and three-dimensional roadway
design.
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