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Abstract. This paper introduces the concept of Microscopic Spatial In-
telligence (MiSI), the capability to perceive and reason about the spatial
relationships of invisible microscopic entities, which is fundamental to
scientific discovery. To assess the potential of Vision-Language Models
(VLMs) in this domain, we propose a systematic benchmark framework
MiSI-Bench. This framework features over 163,000 question-answer pairs
and 587,975 images derived from approximately 4,000 molecular struc-
tures, covering nine complementary tasks that evaluate abilities ranging
from elementary spatial transformations to complex relational identifi-
cations. Experimental results reveal that current state-of-the-art VLMs
perform significantly below human level on this benchmark. However,
a fine-tuned 7B model demonstrates substantial potential, even sur-
passing humans in spatial transformation tasks, while its poor perfor-
mance in scientifically-grounded tasks like hydrogen bond recognition
underscores the necessity of integrating explicit domain knowledge for
progress toward scientific AGI. The datasets are available at https:
//huggingface.co/datasets/zongzhao/MiSI-bench.
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1 Introduction
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Fig. 1: Overview of our MiSI-Bench. Our dataset is derived from around 4,000 PDBs
and comprises 9 distinct tasks.

Spatial intelligence [12,|53|, a critical component of advanced artificial in-
telligence, empowers systems to perceive, interpret, and interact with the three-
dimensional world. Such capability necessitates a profound comprehension of ge-
ometries, spatial relationships, and even fundamental physical rules. Contempo-
rary efforts address this by utilizing Vision-Language Models (VLMs) [6}28}[29],
which jointly process visual and textual data to learn spatial properties and re-
lationships from complex scenes [32}54,56]. This reasoning capacity regarding
object layouts, occlusions, and perspectives establishes a vital foundation for
embodied interaction in real-world environments [57].

Yet, beyond this visible macroscopic realm lies the microscopic world, com-
posed of invisible particles (e.g., atoms and molecules) that constitute mat-
ter [17], where spatial reasoning takes on a profoundly different form. In molecu-
lar sciences, experts routinely visualize and manipulate microscopic entities such
as proteins and drugs using software tools (e.g., PyYMOL [16], ChimeraX [41]) to
explore geometric complementarity, analyze interactions, and design new func-
tional molecules. This process relies on a specialized form of spatial reasoning: the
ability to reconstruct three-dimensional structures from two-dimensional projec-
tions and to infer physical relationships (e.g., hydrogen bonds). In this paper, we
refer to this capability as Microscopic Spatial Intelligence (MiSl), the cog-
nitive foundation underlying human expertise and discovery in scientific fields
such as structural biology, drug discovery, and material design.
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