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Abstract

Existing multi-agent benchmarks primarily test in competitive settings,
short-horizon interactions under 20 steps, or simply aggregate individual
performance, failing to isolate and highlight genuine collaboration capa-
bilities of LLM-based agents. We introduce AgentWorld, a benchmark
of 100 human-annotated tasks (with 100 augmented variants) for evalu-
ating long-horizon, multi-agent collaboration. Tasks span 50+ interaction
rounds across a rich MMORPG sandbox and require 2-20 agents with
asymmetric roles and abilities to coordinate through communication, joint
planning, and resource sharing under a blackbox setting where each agent
acts independently without access to others’ internal states. To quantify
collaboration effectiveness in addition to conventional binary task success,
we propose Causal Collaboration Effectiveness (CCE), a graph-based metric
that traces causal dependencies between agent actions and measures what
fraction of a team’s effort actually contributed to the outcome. Experiments
with Gemini 3 Flash, Claude Haiku 4.5, GPT-5 Mini, and DeepSeek R1-
70B show that even the best model achieves only 52.0% task success, with
systematic failure modes including communication breakdowns, role con-
fusion, and inability to maintain shared plans across rounds. AgentWorld
is fully open-source.

* Equal contribution.
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Figure 1. Overview of AgentWorld. The MMORPG sandbox with diverse biomes and
resources (left), blackbox multi-agent interaction model (center), and the 10 high-level API
tools that abstract away low-level game mechanics (right).

1 Introduction

As LLM-based agents advance from single-turn reasoning to autonomous tool use, planning,
and multi-step execution, collaboration between agents becomes a critical capability. Many
real-world tasks, from software development to scienti ¢ research to complex operations,
require multiple specialized agents to coordinate toward shared goals. Systematically
evaluating this collaboration capability is essential for understanding the strengths and
limitations of current models and guiding future progress.

Multi-agent collaboration (MAC) involves multiple agents with diverse roles working
together in a shared environment to achieve a common goal. LLMs enable these agents to
communicate precisely through natural language, opening new possibilities for coordination.
Researchers have developed a range of tasks and environments for MAC, spanning social
simulations (Park et al., 2023; Chen et al., 2023; Piao et al., 2025), embodied reasoning
benchmarks (Mandi et al., 2023; Li et al., 2025), and Minecraft-based platforms (Fan et al.,
2022; Gong et al., 2023; Yu et al., 2024). However, existing benchmarks fall short in evaluating
collaboration for three reasons. First, most involve short task horizons of 10 steps or fewer,
insuf cient for evaluating sustained coordination (Table 1). Second, many con ate low-
level action control with collaboration: agents must spend signi cant effort on ne-grained
control (e.g., precise 3D navigation, block placement) rather than on collaboration itself,
making it dif cult for collaboration capability to meaningfully in uence benchmark scores.
Third, large-scale simulations like Project Sid (Altera et al., 2024) focus on emergent social
behavior rather than concrete tasks with measurable outcomes.

To this end, we propose AgentWorld 1, a benchmark consisting of a rich MMORPG simulator
and a long-horizon, collaboration-focused benchmark built on top of it. The simulator
supports up to 1,000 concurrent agents in a blackbox environment where agents cannot
observe each other's internal states, and provides a complex world with 380+ items, 144
mob types, 70+ NPCs, and 13 high-level API tools that abstract away low-level game
mechanics (e.g., combat, crafting, navigation) so that benchmark scores re ect collaboration
quality rather than action-control pro ciency. This combination of blackbox interaction
and world complexity enables a new class of long-horizon collaboration tasks spanning
25-55 rounds and requiring 3—20 agents with asymmetric roles. AgentWorld features 100
human-annotated tasks across 8 categories (combat, crafting, gathering, trading, exploration,
survival, construction, and coordination), with 100 LLM-augmented variants. Tasks require
joint planning, resource sharing, and temporal coordination that cannot be achieved by
any single agent alone. We propose Causal Collaboration Effectiveness (CCE), a graph-
based metric that traces causal dependencies between agent actions to measure how much
of a team's effort actually contributed to the outcome. Experiments across four frontier

1Code and data will be released upon acceptance.
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Figure 2: Example task de nition (Task 86: Forge Vanguard). Ten agents collaborate
throughamine ! smelt! craft pipeline: miners extract ore and coal, the smelter processes
them into iron bars, and smiths forge heavy swords and an axe. Each agent has unique
skills, equipment, inventory, and spawn location.

models (Gemini 3 Flash, Claude 4.5 Haiku, GPT-5 Mini, and DeepSeek R1-70B) reveal
that even the best model achieves only 52.0% task success, with an average CCE of only
17.7% across all tasks (33.7% on successful tasks), indicating that the vast majority of agent
actions do not causally contribute to task completion. Qualitative analysis reveals systematic
failure patterns including communication breakdowns where agents fail to share critical
information, role confusion where agents duplicate work or act outside their designated
roles, and inability to maintain shared plans across rounds. Our primary contributions are:

« Long-Horizon Blackbox Collaboration Benchmark : We introduce AgentWorld,
featuring 100 human-annotated tasks (with 100 augmented variants) that require 3—
20 agents with asymmetric roles to coordinate over 25-55 rounds under a blackbox
setting. The sandbox abstracts away low-level action control through high-level
API tools, ensuring that benchmark scores re ect collaboration capability rather
than ne-grained control pro ciency.

» Collaboration-Centered Evaluation Metrics : We propose Causal Collaboration
Effectiveness (CCE), a graph-based metric that constructs causal action graphs over
task trajectories and measures the fraction of agent actions that causally contributed
to the outcome. CCE only use LLMs for constructing a causal relation graph between
actions, reducing the subjectiveness commonly caused by LLM-only judges.

» Empirical Findings on LLM Collaboration  : We benchmark four frontier models
and nd that even the best achieves only 52.0% task success, with CCE analysis
revealing that less than a third of all agent actions causally contribute to task com-
pletion (CCE = 0.317 for the best model). Our analysis identi es systematic failure
modes including communication breakdowns, role confusion, and inability to main-
tain shared plans, revealing that collaborative intelligence remains a fundamental
gap in current LLMs.

* An Open Sandbox Tailored for Multi-Agent Collaboration : We open-source the
full AgentWorld sandbox including the simulation environment, task de nitions
with veri ers, and evaluation scripts and the data annotation platform. Allowing
the community to easily leverage the benchmark for evaluating the collaboration
capability of LLM-based agent teams.

2 Related Work

Multi-Agent LLM Benchmarks. Several benchmarks evaluate LLM-based multi-agent
collaboration. MultiAgentBench Zhang et al. (2025) measures collaboration quality across
diverse coordination protocols. Collab-Overcooked Li et al. (2025) and MINDAGENT Gong

et al. (2023) evaluate collaboration in the Overcooked environment. TeamCraft Long et al.
(2024) and MineLand Yu et al. (2024) provide Minecraft-based multi-agent tasks, while
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