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Abstract

World models have attracted significant attention for their
ability to capture and predict the structure and dynamics of
the physical world. In this emerging landscape, Joint Em-
bedding Predictive Architectures (JEPA) offer a particu-
larly compelling direction.

In this paper, we study a largely unexplored regime: popu-
lous, crowded, and chaotic Global South urban environ-
ments, which we call DENSEWORLD. Unlike the lower-
density, lane-structured settings that dominate existing eval-
uations, these scenes exhibit soft spatial boundaries, ex-
treme agent heterogeneity, persistent occlusion, and rapid
social negotiation under mixed traffic. We introduce the first
large-scale dataset for this regime, comprising 1,000 hours
of drive-through, walk-through, and aerial video collected
across 22 cities. The dataset covers a wide variety of scene
types, times of day, weather conditions, crowd and traf-
fic densities, traffic mixes, pedestrian—vehicle separation
patterns, road layouts and surfaces, infrastructure qual-
ity, encroachment levels, locally distinctive objects, vegeta-
tion, lighting conditions, and video quality. Our evaluation
reveals that existing JEPA formulations struggle to preserve
dense interaction dynamics under heterogeneity and partial
observability.

We introduce FactorJEPA, which makes world structure a
first-class predictive primitive. Rather than encoding the fu-
ture in a monolithic latent, it composes layout, entities, and
interactions, using a visibility gate and separated subspaces
to preserve partially observed agents and discourage cross-
factor shortcuts. FactorJEPA improves (i) future-latent ac-
curacy (Future-frame L1), (i) intervention-sensitive predic-
tion (Causal L1), and (iii) robustness to reduced visual evi-
dence (Mask-ratio slope), while exposing (iv) a reproducible
motion-information trade-off (Motion cosine). Method rank-
ings replicate across 2B and 1B V-JEPA 2.1 backbones, with
p = 0.895-0.978 across these four diagnostics.

Data and models. We publicly release the DENSEWORLD-
115k dataset and the surgery-trained FactorJEPA checkpoints.

DENSEWORLD: A Benchmark for Populous,
Crowded, and Chaotic Global South

We use DENSEWORLD to denote a critical but under-

represented world-modeling regime: populous, crowded,

*All authors conducted this work independently, outside their
roles and employment at their respective companies.

How fast is the motion? - FAST
frozen: Slow ours: Fast v/

V7 y o g
o N

Which way does it turn? - LEFT

frozen: Right ours: Left v

Figure 1: Same question, two encoders. Each row is a three-
frame filmstrip of one held-out clip posed as a multiple-
choice question, answered from an identical probe head over
the frozen V-JEPA 2.1 encoder vs. ours (factor-view predictor
surgery); only the backbone differs. Top: motion speed (ours
69.8% vs frozen 60.9%). Bottom: turn direction.

and chaotic Global South urban scenes. It is defined not
only by geography, but by measurable properties: high agent
count density, high agent occupancy, persistent occlu-
sion, agent heterogeneity, and interaction pressure. This
regime matters because many emerging urban environments
combine high population density, mixed mobility systems,
diverse infrastructure patterns, and rapid spatial change,
making them scientifically important yet underrepresented in
world-model benchmarks (Mahendra et al. 2021; Ellis and
Roberts 2016). Thus, world models must handle uncertainty,
density, and relational complexity that is less prominent in
lower-density, lane-structured benchmarks. See Figure 2 for
representative DENSEWORLD scenes.

We characterize DENSEWORLD through four coupled
properties. First, it exhibits soft spatial boundaries: road
edges, drivable space, and pedestrian regions are often nego-
tiated rather than crisply marked (Varma et al. 2019; Doka-
nia et al. 2023). Second, it contains extreme agent hetero-
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