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Abstract. Understanding and interpreting human actions is a long-
standing challenge and a critical indicator of perception in artificial in-
telligence. However, a few imperative components of daily human ac-
tivities are largely missed in prior literature, including the goal-directed
actions, concurrent multi-tasks, and collaborations among multi-agents.
We introduce the LEMMA dataset to provide a single home to address
these missing dimensions with meticulously designed settings, wherein
the number of tasks and agents varies to highlight different learning ob-
jectives. We densely annotate the atomic-actions with human-object in-
teractions to provide ground-truths of the compositionality, scheduling,
and assignment of daily activities. We further devise challenging com-
positional action recognition and action/task anticipation benchmarks
with baseline models to measure the capability of compositional action
understanding and temporal reasoning. We hope this effort would drive
the machine vision community to examine goal-directed human activities
and further study the task scheduling and assignment in the real world.
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1 Introduction

Activity understanding is one of the most fundamental problems in artificial
intelligence and computer vision. As the most readily available learning source,
videos of daily human activities could be used to train intelligent agents and, in
turn, to assist humans. However, compared to recent progress in learning from
static images [2I23I22/4T], current machine vision’s ability to understand activi-
ties from videos still falls short. Admittedly, activity understanding is inherently
more challenging, which requires reason about the complex structures in ac-
tivities along the additional temporal dimension; but we argue there are more
profound reasons that we must look back to the origin of activity understanding.

The study and analysis of human motion perception are rooted in the field of
neuroscience [54]. Using a dot-representation of human motions, Johansson [26]
adopted a method to produce proximal patterns (i.e., the moving light display
experiment), which demonstrated that human perception of activities does not
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Fig. 1: Illustrations of the proposed multi-view dataset with annotations. From
top to bottom: frames captured from the third-person primary view, frames
captured from the third-person side view, annotated segments of each agent
executing tasks, and corresponding frames captured from the first-person view.

tightly couple with pizel-based features; human subjects can still perceive the
semantics of activities from sparse representations of motions. Evidence from de-
velopmental psychology, the classic Heider-Simmel experiment, further suggests
that we perceive human activities from as goal-directed behaviors [57IBITHITT];
it is the underlying intent, rather than the surface pixels or behavior, that mat-
ters when we observe motions [4]. Such a goal-directed [31I] perspective of
activity understanding has been largely left untouched in computer vision.

Daily human activities are intrinsically multi-tasked [36/44]; understanding
activity naturally demands a learning system to interpret concurrent interac-
tions. As agents’ decision-making processes are deeply affected by their unique
social values, task scheduling is significantly affected by interactions (e.g., co-
operation, competition, subordination) among multi-agents [28]. These observa-
tions implicate that the machine vision system must objectively understand how
a given task should be decomposed into atomic-actions, how multi-tasks should
be executed and coordinated in parallel among multi-agents, and take the per-
spective from human agents to understand why the observed human activities
are optimal solutions. Such a decompositional, multi-task, multi-agent,
diagnostic-driven, social perspective of activity understanding is critical
for an intelligent agent to understand human behavior and team with humans
collaboratively; yet it is broadly missing in activity understanding literature.

The semantics of human actions are intrinsically ambiguous when described
in natural language. For instance, although both “opening the fridge” and “open-
ing a book” use the action verb “open,” their semantics of the actions are utterly
different. In this paper, we take the stance of Grice’s influential work on language
act [20]—technical tools for reasoning about rational action should elucidate lin-
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