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Both Researchers and the Public Are Interested in Tracking 
How Webpages Changes Over Time

ucsusa.orgnytimes.com buzzfeednews.com

WebSciDL.bsky.social

https://oduwsdl.github.io/
https://www.ucsusa.org/resources/attacks-on-science/trump-administration-censored-information-climate-change?utm_source=chatgpt.com
https://www.nytimes.com/2018/01/10/climate/climate-change-trump.html
https://www.buzzfeednews.com/article/zahrahirji/climate-change-censored-online-under-trump
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Web Archives Preserve Historical Versions of Webpages, 
Capturing How They Appeared at a Specific Time

The Internet Archive’s Wayback Machine 
is just one among many web archives.

WebSciDL.bsky.social

https://oduwsdl.github.io/
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The Memento Protocol Connects the Live Web With the 
Archived Web

URI-R: Original resource on the live web 
as of 2024-12-10                                       
https://www.climate.gov/enso

URI-M: Archived resource from 2018-03-14
https://web.archive.org/web/20180314000741/climate.gov/enso

WebSciDL.bsky.social

https://oduwsdl.github.io/
https://www.climate.gov/enso
https://web.archive.org/web/20180314000741/climate.gov/enso


@WebSciDLStorymodelers 5

The Web ARChive (WARC) File Format 

Is Used To Store Mementos.

Source: https://wiki.archivematica.org/Significant_characteristics_of_websites

Each WARC file includes complete HTTP 
response headers, HTML content, and 
additional resources like images and JavaScript 
files

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Finding Website Changes Is Often a Manual Process That 
Requires Significant Time and Effort

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Analyzing Website Changes Is Often a Manual Process 
That Requires Significant Time and Effort

2016-02-04T07:23:26Z 2020-06-17T05:53:31Z
Target-URI: https://www.climate.gov/enso

WebSciDL.bsky.social

https://oduwsdl.github.io/
https://www.climate.gov/enso
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Existing Tools Can’t Be Used to Explain Complex Changes 
Like Content Structure Alterations or Semantic Context

The Wayback Machine Changes Tool allows users to 
view term based differences between webpages at 
known datetimes

TMVis allows users to view visual differences 
between webpages over time

WebSciDL.bsky.social

Mabe, A et al. (2020). TMVis: Visualizing Webpage Changes Over Time.

https://oduwsdl.github.io/
https://web.archive.org/web/changes


@WebSciDLStorymodelers 9

Manually Examining Changes to this Webpage will be 
Tedious and Difficult

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Users Currently Must Manually Check if Changes Are 
Semantically Meaningful, but LLMs Offer a Novel Approach

Researchers can 
use LLMs to 
detect semantic 
shifts: in this 
case, from 
climate modeling 
to broader 
ecological 
monitoring, like 
coral reef health 
tracking.

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Using LLMs for Change Analysis Is Promising, With Archived Web 
Content Changes Still Largely Unexplored

Query

Content 
knowledge 

Base

Vector Store 
Index

Vector 
Database

Embedding Model

Embedding Model Passages 
Retrieved

LLM 
(Generator) Answer

A RAG approach involves two stages: 
Retrieval and Generation

WebSciDL.bsky.social

Retrieval                                                    Generation

https://oduwsdl.github.io/
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Why Is This Approach Helpful?

❖ Token to token text comparison

Traditional Methods RAG

❖ Pairwise comparison of mementos

❖ Specialized algorithms/Tools

❖ Keyword searches and metadata filters

❖ Structural approach

❖ Analysis based on natural language

❖ Comparison among multiple mementos

❖ Q&A Interaction

❖ Does not depend on a term/keyword

❖ Semantic approach

WebSciDL.bsky.social

https://oduwsdl.github.io/
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WARC-GPT’s RAG 
Approach Enables 
Creating Custom 
Chatbots That Use 
Web Archive 
Collections as a 
Knowledge Base

…but can it be used 
to analyze changes?

Harvard Law School Library Innovation Lab. (2024, 
February 12). WARC-GPT: An open-source tool for 
exploring web archives with AI. Harvard Law School 
Library Innovation Lab Blog. 
https://lil.law.harvard.edu/blog/2024/02/12/warc-gpt-an-
open-source-tool-for-exploring-web-archives-with-ai/

WebSciDL.bsky.social

https://oduwsdl.github.io/
https://lil.law.harvard.edu/blog/2024/02/12/warc-gpt-an-open-source-tool-for-exploring-web-archives-with-ai/
https://lil.law.harvard.edu/blog/2024/02/12/warc-gpt-an-open-source-tool-for-exploring-web-archives-with-ai/
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We Investigated 3 Research Questions:

How can the use of LLMs make changes in webpages discoverable and understandable?

To what extent are researchers able to use output from WARC-GPT with GPT-4o to identify 
changes/inconsistencies?

What advantages/limitations does a RAG-based approach have compared to traditional 
methods?

WebSciDL.bsky.social

https://oduwsdl.github.io/
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We Explored the System’s Ability To Retrieve Changed Passages 
and Assessed GPT-4o’s Output

WARC-GPT Architecture Considering a Set of Mementos as a Knowledge Source. 
https://lil.law.harvard.edu/blog/2024/02/12/warc-gpt-an-open-source-tool-for-exploring-web-archives-with-ai/ 

WebSciDL.bsky.social

Exported 
extract text 
to plaintext 
files for use 
in evaluation

Modified 
prompt to 
analyze 
changes

Used GPT-4o 
instead of 
Minstrel

Collected 
our own 
knowledge 
base Designed 2 queries 

to evaluate changes

https://oduwsdl.github.io/
https://lil.law.harvard.edu/blog/2024/02/12/warc-gpt-an-open-source-tool-for-exploring-web-archives-with-ai/
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We Applied Prompt Engineering To Adjust and Refine the Context 
Prompt per Default, Ensuring It Contextualizes the Task Effectively

Modified Context Prompt

How can you help me?
I can help you by analyzing the changes 
across different archived versions of a 
webpage. By comparing these versions, I can 
identify content changes such as alterations 
in terms, phrases, or paragraphs, as well as 
changes in the semantic Context. This 
analysis can provide insights into how the 
webpage’s content and focus have evolved 
over time.

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Our Knowledge Base Contained Mementos From U.S. Federal 
Environmental Webpages That Changed Between 2016 and 2020

3 Websites 9 Websites

8 Websites10 Websites

WebSciDL.bsky.social

https://oduwsdl.github.io/
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We Empirically Designed Two Queries To Analyze How Well The 
System Could Be Used To Detect Changes and Provide Analysis.

What Are the Changes or Inconsistencies in 
Terms, Phrases, or Paragraphs Among the 
Mementos of Webpage X?

Query 1 Query 2

Compare Any Change Regarding the 
Semantic Context Among the Mementos for 
the Webpage X.

Answers were validated through human evaluation, ensuring their 
accuracy about the corresponding elements across mementos.

Answers available at https://github.com/jgbotello/Exploring-LLMs-for-Content-Change-Analysis

WebSciDL.bsky.social

https://oduwsdl.github.io/
https://github.com/jgbotello/Exploring-LLMs-for-Content-Change-Analysis
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Answer To Query 1 Details Content and Structure Changes, While 
Answers to Query 2 Focuses on Their Semantic Significance

Example of Answer to Query 2

WebSciDL.bsky.social

Example of Answer to Query 1

https://oduwsdl.github.io/
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The Model Could Be Used to Identify Changes in Content and 
Structure

Summary of changes detected across webpages

WebSciDL.bsky.social

• 1 page had a generated 
answer that did not mention 
any changes to content

• 16 pages had a generated 
answer that did not mention 
any changes to structure

• 1 page had a generated 
answer that included changes 
not on the page (they were 
changes for WP22)

https://oduwsdl.github.io/
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This Exploratory Study is Limited by Dataset Size and 
Computational Resources

Dataset Size Limitated to 30 web pages and 67 WARC files

Embedding generation models and LLMs require substantial 
computational power, memory, and cost

When pages belong to the same domain, the system may extract 
incorrect passages, necessitating manual double-checking.

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Future Work will Incorporate Non-Textual Changes and Evaluate 
The Use of Alternative Large Language Models

Explore the integration of multimodal models to analyze text 
and images in WARC files.

Investigate the use of various LLMs, such as ClimateGPT and 
LLM360’s Open-Source K2, to evaluate differences in 
responses and their impact on web archiving research.

WebSciDL.bsky.social

https://oduwsdl.github.io/


@WebSciDLStorymodelers 23

Exploring Large Language Models for Analyzing Changes in Web 
Archive Content: A Retrieval-Augmented Generation Approach

Explored the use of GPT-4o with WARC-GPT, a Retrieval-Augmented Generation pipeline, for detecting and 
analyzing changes in archived webpages.

Demonstrated that LLMs enable deeper analysis by capturing semantic context, unlike traditional methods 
focused on term frequency or surface-level differences.

Conducted a case study on U.S. Federal Agency webpages related to environmental issues, analyzing changes 
between 2016 and 2020.

Acknowledged limitations such as computational demands and challenges in retrieving relevant passages.

Established a foundation for future research in webpage change analysis, advancing the integration of web 
archiving and AI.

WebSciDL.bsky.social

https://oduwsdl.github.io/ 

https://oduwsdl.github.io/
https://oduwsdl.github.io/
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The Default Prompt Does Not Effectively Allow for the Analysis of 
the Changes Between Multiple Captures of a Webpage

WARC-GPT Context Prompt per Default

How can you help me?
I can assist you by providing information, 
answering questions, and offering guidance on a 
wide range of topics. If you have specific questions 
or need help with something, feel free to ask!

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Of the 30 Webpages Examined, 
the System Retrieved 24 Relevant 
Passages Using Query 1

Summary of Query 1 Response Analysis
Example of Answer

What Are the Changes or Inconsistencies in 
Terms, Phrases, or Paragraphs Among the 
Mementos of Webpage X?

WebSciDL.bsky.social

https://oduwsdl.github.io/


Examples of Excluded Pages

27

5 pages with 
“insufficient 
information” 
response per 
prompt

1 page with 
an exception 
response
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The Model Could Be Used To Identify Changes in Content And 
Content Structure, Even When Considering More Than 2 
Mementos

Example of Answer to Query 1

We Included 
more than 2 
mementos for 
some 
webpages

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Answer To Query 1 Details Content and Structure Changes, While 
Answers to Query 2 Focuses on Their Semantic Significance

Example of Answer to Query 2

The semantic context of the webpage www3.epa.gov/ttn/atw/ has undergone a 
change between the archived versions from 2016 and 2020. In the 2016 version, 
the section “rules & implementation” is referred to as ”national- scale air toxics 
assessment” [3]. By 2020, this section is referred to as “national air toxics 
assessment” [2]. This change in terminology from ”national- scale” to ”national” 
suggests a possible shift in focus or scope, potentially indicating a broader or 
more inclusive approach to air toxics assessment. However, without additional 
context, the exact implications of this change in terminology are not fully clear.

We should interpret LLM responses with caution

WebSciDL.bsky.social

https://oduwsdl.github.io/
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Future Work

The modified WARC GPT ingestion pipeline will 
eliminate the need for users to collect WARCS and 
allow for URL based input instead

WebSciDL.bsky.social

https://oduwsdl.github.io/
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