MUSEG: Reinforcing Video Temporal Understanding via
Timestamp-Aware Multi-Segment Grounding
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* Video temporal understanding requires reasoning over

when events happen and how they are ordered.

e Current MLLMs often
descriptions

temporal cues.
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* MUSEG 1mproves temporal reasoning by aligning
questions with multiple timestamped video segments.

* Key challenges: single-segment grounding can be
answered by object shortcuts instead of temporal
reasoning; answer-only rewards do not verify whether
the model used temporal evidence 1n its reasoning.
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Query: What does the man in the video do after swimming?
A. He refuels the car. B. He performs a show for children.

C. He falls asleep. =~ D. He takes a shower.
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VideoChat-R1-thinking:
<think>The video shows a man swimming in a pool ... The
video does not provide enough information to determine what
L the man does after swimming.</think><answer>B</answer> )
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" MUSEG-7B (Ours):
<think>\nThe video shows the man swimming in a pool at 30s.
After swimming, he is seen refueling a car at 33s. The video
then cuts to a scene where the man performs a show for
children at timestamp 38s. The final scene shows the man in a
hotel room, seemingly asleep, at 60s. The sequence of events
clearly shows the man swimming, refueling the car,
performing for children, and then falling asleep in a hotel
room...</think><answer>A</answer>
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In-Domain Out-of-Domain
Model Charades-STA | THUMOS14 THUMOSI1S5 Perception Test E.T. Bench E.T. Bench (Subset)
(Single-Seg) | (Multi-Seg) (Multi-Seg)  (Multi-Seg) | REF GND CAP COM AVG | REF GND CAP COM AVG
API-based Models
GPT-40 | 25.1 | 5.5 6.7 - |- - - - | 374 165 11.6 6.8 18.1
Open-source ~ 7B Models
Qwen2.5-VL-7B 50.2 24.9 23.4 25.3 53.1 307 162 113 27.8 | 51.0 303 16.5 0.3 26.8
+vanilla SFT 28.1 15.5 15.6 20.3 243 113 153 6.6 144 | 278 126 150 8.7 16.0
+vanilla GRPO 53.9 25.8 25.6 30.0 544 376 235 206 340 | 509 366 237 17.8 323
E.T. Chat 45.6 23.7 249 9.2 38.4* 38.0% 16.7* 13.5*% 26.7 | 31.8% 33.8* 17.1* 11.1* 23.5
TRACE-7B 29.9%* 7.6 7.8 14.0 33.6* 33.8% 20.3* 25.8* 284 | 252 172 14.7 53 156
Video-R1 11.3 3.5 3.4 5.7 503 253 156 124 259 | 492 222 156 128 250
VideoChat-R 1 59.4 14.3 13.4 27.1 558 356 221 195 333 | 470 359 241 125 299
TimeZero 59.2 14.4 12.7 26.8 559 358 214 17.1 326 | 469 351 229 152 30.0
MUSEG-7B (Ours) 59.7 29.7 29.3 31.7 619 375 237 240 368 | 60.8 388 251 19.0 359
Open-source ~ 3B Models
Qwen2.5-VL-3B 41.4 12.6 12.8 19.4 51.7 204 13.6 8.0 234 | 529 204 127 7.6 234
TEMPURA 44 .5 8.7 12.1 20.7 463 26.1 144 102 243 | 56.4 228 133 3.5 24.0
MUSEG-3B (Ours) 53.7 21.0 20.3 29.1 539 30.0 187 88 279 | 543 287 183 11.8 283
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