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Introduction

Agentic AI Systems

Perceive mul t imodal inputs ( image, video, text)

Plan mul t i -s tep reasoning

Invoke tools

Act in dynamic environments

Key Chal lenge:  Deep reasoning across mul t iple s teps in vis ion- f i rs t  set t ings.



Existing Benchmarks

Comparison of Vision-Centric Agent Benchmarks. Columns show key dimensions including scale, realism, modality, reasoning depth, tool
interaction, and annotation quality. Our benchmark Agent-X uniquely supports all criteria with 828 diverse, manually verified agentic tasks.



Lack scalabi l i ty and fai l  to ref lect real -world

complexi ty

Often include l imited, synthet ic tasks that don’t  support

deep reasoning or r ich mul t imodal inputs

Provide explici t  tool hints and instruct ions, reducing

the need for independent planning and reasoning

Existing Benchmarks

I need an illustration for my children’s book. I’ve
imagined a scene where there’s a large group of little
kids... After we have the image, we also need to
identify all the objects, then add labels to them.

OURS
What store is the scene in the video from and what
does the person dressing corresponds to in normal
circumstances?

PRIOR BENCHMARKS



Agent-X

Targets deep reasoning in vis ion-centr ic,  real-world tasks

Covers 6 mult imodal environments  involving images,

mul t i - images, and videos

Provides 828  r ichly annotated tasks, surpassing prior

benchmarks

Evaluates 12+ LMMs  using f ine-grained metr ics for

reasoning, tool use, and coherence
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Distribution of tasks across the six
vision-centric environments



Dataset Curation Pipeline

Multimodal data

text

videos

images
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Step 1: Multimodal Data & Toolset Definition

Goal:  Def ine visual inputs and executable tool l ibrary

Visual Inputs (V) :  Images and videos from publ ic datasets

Tool L ibrary (Tᶜ ) :  14 executable tools

Perception, Visual Operation, Math, Art is t ic

 Each future task must be solvable using a subset T ⊆  T ᶜ

Dataset Curation



Step 2: Candidate Query Generation (LMM)

Dataset Curation

Goal: Generate complex, tool - requir ing queries

Input to LMM: Visual input V, Ful l  toolset descript ion T ᶜ

Process:

Generate 3 candidate queries per visual

Cover factual, interpret ive, generat ive types

Avoid tr ivial or perception-only quest ions

Output: 1,021 visuals →  3,063 candidate queries

 Queries must not explici t ly mention tools or reasoning steps.



Step 3: Human Query Refinement

Dataset Curation

Goal: Select and ref ine high-quali ty queries.

Annotators select best query among 3 candidates

Edit  for clari ty and real ism

Remove:

Tool -hint ing queries

Trivial ly answerable quest ions

Ambiguous or underspecif ied prompts

Fi l tered to 828 validated tasks

Quali ty Cri teria: Requires mul t i -s tep reasoning, Requires tool usage, Realis t ic

scenario



Step 4: Tool-Augmented Reasoning Trace Generation

Dataset Curation

Goal: Construct s tructured reasoning traces

Process:

Provide (V ᵢ ,  Q ᵢ ,  T ᶜ )  to LMM

LMM generates:

Tool sequence

JSON-style arguments

Intermediate outputs

Final answer



Step 5: Human Trace Verification & Correction

Dataset Curation

Goal: Ensure logical and executable correctness

Annotators verify:

Correct tool select ion

Proper argument formatt ing

Logical s tep ordering

Alignment between outputs and f inal answer

Evidence support (URLs/screenshots for web queries)

Correct ions include:

Replacing incorrect tools

Fixing malformed JSON

Removing unsupported reasoning

Tasks that cannot be rel iably solved are discarded



Step 6: Final Assembly & Dataset Statistics

Dataset Curation

Key data statistics Overall frequency of tool usage and number of steps



Evaluation Metrics

Evaluation Metrics categorized by Mode. This table outlines the full suite of metrics used in Agent-VBench benchmark, organized by Step-by-
Step, Deep Reasoning, and Outcome modes.



14 LMMs (Open + Closed) evaluated

Judges & Validation: GPT-4o (closed-source judge), Qwen-14B / 15B (open-source judge),

Human val idation subset

Inter- judge agreement: Pearson > 0.9 (Goal & Tool Accuracy), Cohen’s κ  > 0.8,

Stable model rankings

Reproducibi l i ty:  3 independent runs per model, Max variance < 0.4%, Determinis t ic

rankings

Ablation: Does Agent-X Measure Reasoning?

Evaluation Setup

+10% gain confirms deep reasoning contribution



Results
GPT-4o as a judge



Qwen-14B as a judge

Results



Quantative Error Analysis

Summary of common planning, formatting, and reasoning errors on Agent-X benchmark across GPT-4o, Gemini-1.5-Pro, and InternVL3-8B.



Qualitative Error Analysis

Qualitative comparison of GPT-4o and VideoLLaMA3-7B on visual reasoning tasks from Agent-X. GPT-4o hallucinates tool use and produces
wrong justifications, while VideoLLaMA3-7B lacks temporal reasoning and fails to align observations across frames. Both models struggle with
tool grounding and structured reasoning.



Analysis Summary 

Real-world tool-use remains chal lenging:  No model exceeded 50%  Goal Accuracy; even

top models s truggle with grounding and consis tent execut ion.

Strong reasoning = better outcomes:  Models with high fai thfulness, precision, and

semantic accuracy performed bet ter on f inal tasks.

Tool invocation is a major bott leneck:  Many models fai l  due to argument formatt ing

issues and incorrect tool chaining.

Common errors:  Include shal low or hal lucinated reasoning, inval id formats (esp. JSON),

visual misinterpretat ion, and poor temporal grounding in videos.



Conclusion

Agent -X is a comprehensive benchmark for evaluating reasoning and tool use in real -

world, vis ion-centr ic tasks.

I t  spans diverse mul t imodal environments and uses executable tools to simulate authentic

agent behavior.

Evaluation of 14 models reveals that even top-performing LMMs struggle with deep

reasoning and tool execut ion.

Agent -X offers act ionable insights and a foundation for advancing robust, mul t imodal

agentic systems.



Thank you!
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