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Abstract

Recent advances in internet-scale video data pretraining have led to the development
of text-to-video generative models that can create high-quality videos across a
broad range of visual concepts and styles. Due to their ability to synthesize realistic
motions and render complex objects, these generative models have the potential to
become general-purpose simulators of the physical world. However, it is unclear
how far we are from this goal with the existing text-to-video generative models.
To this end, we present VIDEOPHY, a benchmark designed to assess whether
the generated videos follow physical commonsense for real-world activities (e.g.
marbles will roll down when placed on a slanted surface). Specifically, we curate
a list of 688 captions that involve interactions between various material types in
the physical world (e.g., solid-solid, solid-fluid, fluid-fluid). We then generate
videos conditioned on these captions from diverse state-of-the-art text-to-video
generative models, including open models (e.g., VideoCrafter2) and closed models
(e.g., Lumiere from Google, Pika). Further, our human evaluation reveals that
the existing models severely lack the ability to generate videos adhering to the
given text prompts, while also lack physical commonsense. Specifically, the best
performing model, Pika, generates videos that adhere to the caption and physical
laws for only 19.7% of the instances. VIDEOPHY thus highlights that the video
generative models are far from accurately simulating the physical world. Finally,
we also supplement the dataset with an auto-evaluator, VIDEOCON-PHYSICS, to
assess semantic adherence and physical commonsense at scale.

1 Introduction

The ability to synthesize high-quality videos for a broad range of visual concepts and styles is a
long-standing goal of generative modeling [1]]. In this regard, recent advancements in pretraining
on internet-scale video data [2, 89,184} 82, 21]] have led to the development of various text-to-video
(T2V) generative models such as Sora [46]] that can generate photo-realistic videos conditioned on
a text prompt [[7, 81} 20} 55, [71} 13}, 37]]. Specifically, these models can generate complex scenes
(e.g., ‘busy street in Japan’) and realistic motions (e.g., ‘running’, ‘pouring’), making them amenable
for understanding and simulating the physical world. Recent efforts [23| [17] have further utilized
text-guided video generation to train agents that can act, plan, and solve goals in the real world. In
spite of the strong physical motivations of these works, it remains unclear how well the generated
videos from T2V models adhere to the laws of physics.
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Figure T Model performance on the
VIDEOPHY dataset using human eval-
uation. We assess the physical common-
sense and semantic adherence to the con-
ditioning caption in the generated videos.
We nd that Pika (closed model) and
VideoCrafter2 (open model) can gener-
ate videos that follow the caption and
physics laws for19:7% and 19% of the
prompts, respectively. This indicates that
the existing models are quite far from be-
ing general-purpose physical world sim-
ulators.

Figure 2:lllustration of poor physical commonsense by various T2V generative modelsiere, we show

that the generated videos can violate a diverse range of physics laws such as conversation of mass, Newton's rst
law, and solid constitutive laws. MIDEOPHY, we curate a wide range of prompts that would be used to assess
the physical commonsense of the T2V models.

To evaluate the quality of a T2V generative model, Fréchet video distance (FVD) is traditionally
used to measure the similarity between real and generated video distribTtiroas][ However,

FVD has several limitations for assessing physical commonsense including the requirement for a
reference video that is dif cult to obtain for novel scenes, bias towards video quality, and failure

to detect unrealistic motiond$, 72]. Similarly, CLIPScore $1] measuresemanticsimilarity
between generated video frames and the conditioning text in a shared representation space, making
it unsuitable for evaluating physical commonsense in generated videos. Moreover, prioB#ork [
introduced a comprehensive benchmark to evaluate various qualities of generated videos (e.g., motion
smoothness, background consistency) using existing models, but it does not speci cally address the
generated videos' adherence to physical laws. Therefore, existing benchmarks and metrics are either
unreliable or lack coverage for holistic evaluation of the physical commonsense capabilities.

To this end, we proposéIDEOPHY, a dataset designed to evaluate the adherence of generated videos
to physical commonsense in real-world activities. Speci cally, physical commonsense focuses on the
intuitive understanding of the behavior and dynamics of various states of matter (solids, uids) in the
physical world 8, 91, 10]. For instance, "water pouring into a glass' will intuitively result in the
water level in the glass rising over time. As a result, we rely on human perception and experience in
the physical world to assess the adherence of the generated videos to physical laws instead of precise
dynamical equations, which are harder to assess. In Figure 2, we provide qualitative examples to
illustrate physical commonsense violations in the videos. Our dataset is constructed through a three-
stage pipeline that involves (a) prompting a large language mb8kid generate candidate captions

that depict interactions between diverse states of matter (e.g., solid-solid, solid- uid, uid- uid), (b)
human veri cation of the generated captions, and (c) annotating the complexity in rendering objects
or synthesizing motions described in the captions based on physics simulation.
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