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Summary
● Motivation

○ Limited performance on text-only LLM agents
● Contribution

○ Propose a benchmark, VisualWebArena, with multimodal agents on realistic visually 
grounded web tasks

○ Evaluate state-of-the-art M/LLM-based autonomous agents 



What is Autonomous Agents



Autonomous Agents for Web Browsing

Perform everyday tasks via human natural language commands

● Online shopping, booking tickets, searching information, etc
● Simple and direct tasks: add certain products into shopping carts
● Difficult tasks that requires reasoning and multiple steps.



Autonomous Agents for Web Browsing



How to Evaluate an Autonomous Agent?



General Setup

● Environment
○ Create a realistic and reproducible web environment
○ The agent can analyze the given commands and current status and make a series 

decisions to interact with the environment, getting closer to the final goal step by 
step.

○ For example, Classifieds, Shopping, Reddit
● Reward Function

○ Verify if the final goal is accomplished
○ Different implementation for different tasks, e.g., direct match or GPT-assisted 

evaluation



Preliminary Work: WebArena



VisualWebArena: Necessity of Introducing Visual Input
Text-based

Visual-based

The accessibility 
tree/html does not 
provide sufficient 
information to 
disentangle 
elements that are 
spatially close.



VisualWebArena: Website Setup

Webpage Task specification



VisualWebArena: Website Setup - Classifieds

Webpage Task specification

● Inspired by real-world marketplace, e.g., Facebook Marketplace
● Contains 65,955 listing
● User interaction: posting, searching, commenting



VisualWebArena: Website Setup - Shopping

● Contain product information and content from Amazon
● Contain ~90k products, including price, options, detailed product 

descriptions, images and reviews, spanning over 300 product 
categories

Webpage Task specification



VisualWebArena: Website Setup - Reddit

● Contain 31,464 posts with a diverse set of images across different 
subreddits and forums, e.g., natural images, memes, consumer 
electronics, and charts

Webpage Task specification



VisualWebArena: Data Curation

● Introduce a set of 910 new tasks for the 3 
websites, e.g., Classifieds, Shopping, Reddit

● Hire 6 computer science graduate students to 
develop creative and realistic tasks

● 314 Template, e.g., 
○ “Find me the {{attribute}}{{item}}. It should 

be between {{range}}”
○ “Find me the cheapest red Toyota. It 

should be between $3000 to $6000.”



VisualWebArena: Task Types

1. Information seeking tasks
2. Navigation and actions

1.

2.

2.

2.



Reward Functions Implementation

1. Information seeking tasks

Text functions

Image functions

● exact_match

● eval_vqa

● must_include

● fuzzy_match

● must_exclude

● eval_fuzzy_image_match
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Reward Functions Implementation

1. Information seeking tasks

Text functions

Image functions

● exact_match

● eval_vqa

● must_include

● fuzzy_match

● must_exclude

● eval_fuzzy_image_match

Example intent:
Asking the user to add a comment describing an image
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Reward Functions Implementation

1. Information seeking tasks

Text functions

Image functions

● exact_match

● eval_vqa

● must_include

● fuzzy_match

● must_exclude

● eval_fuzzy_image_match (with SSIM)



Reward Functions Implementation

1. Information seeking tasks
2. Navigation and actions

Locator: 
● Describe the object on the page that should be examined (e.g., all img elements
● Retrieve the corresponding image or text content

Reuse the metrics from information seeking tasks

Text functions Image functions
● exact_match
● must_include
● fuzzy_match
● must_exclude

● eval_vqa
● eval_fuzzy_image_match



How to Formulate the Interaction Between an Agent 
and the Environment



Markov Decision Process
      Markov decision process (MDP), also called a stochastic dynamic program or stochastic control problem, is 

a model for sequential decision making

https://en.wikipedia.org/wiki/Markov_decision_process

Represented by a 4-tuple

set of states (the status of the whole browser)

set of actions (the actions that the agent can perform)

set of observations (the information that is sent to the agent)

transation function                           

 (defines the state change after certain actions) 

https://en.wikipedia.org/wiki/Stochastic_dynamic_programming
https://en.wikipedia.org/wiki/Sequential_decision_making


Action Space

Actions within one page

Actions on/between the 
pages



Observation - Set of Mark Visual Representaion

List the interactive elements and assign an ID. Mark each element with a 
bounding box and its corresponding ID number on the website screenshot.

Previous work
● Website screen-shot
● HTML/DOM/Accessibility tree

Set of Mark Representation



Observation - Set of Mark Visual Representaion



Experiments



Compared Methods

● Text-only LLM
Accessibility Tree

● Caption Augmented LLM
Captions + Accessibility Tree
Captions are provided by BLIP-2 or LLaVA

● Multi-modal LLM
Image Screenshot + Captions + Accessibility Tree

● Multi-modal LLM with SOM
Image Screenshot + Captions + SoM



Experiments



Experiments



Experiments



Experiments



Experiments



Experiments - Example of Execution Trajectory



Failure Cases

Failure Over Longer Horizons

● Correctly perform a task but undo it, leading to failure
● For example, adding a product to the wishlist, but remove it later

Giving Up Too Early

● LLM think the given task is not achievable.
● For example, fail to see some elements because the page need to be scrolled down.
● Even human can fail because of this reason.

Getting Stuck in Loops

● Goes back and repeats from the previous steps
● For example, keep switching between different tabs to compare products



Conclusion



Conclusion

● Create a visual-conditioned environment for web agent.
● Propose a new VLM agent inspired by “Set of Marks prompting.”
● Benchmark the open-source and commercial models.



Key Findings

● The success rates of all methods, including the most advanced 
commercial models, are still unsatisfactory.

● Incorporating visual signals and representations is crucial for 
web agents.



Limitations

● LLM/MLLM primarily function as controllers and schedulers. 
There is still much potential for improving the whole system, 
e.g., the prompt design or methods to feed information into 
LLM/MLLM.

● Some MLLMs designed for web/UI agents are not included in 
the comparison and analysis. For example, CogAgent modify 
the architecture based on CogVLM to support high-resolution 
image and add more SFT data on UI operations.



Discussion

● Is SSIM a good evaluation metric for eval_fuzzy_image_match?
● VisualWebArena largely repeats WebArena. How would you 

evaluate VisualWebArena as a reviewer?


