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Abstract

The Result Assessment Tool (RAT) is an open-source software
toolkit for conducting research with results from commercial search
engines and other web-based information retrieval systems. Con-
ducting such research is challenging due to the “black-box” nature
of these systems and limited data access. RAT addresses this by
providing an integrated software environment that unifies modules
for study design, automated data collection, manual assessment in
a dedicated interface, and automated analysis via an extensible clas-
sifier framework. The software is designed to assist with various
research tasks, including comparative assessments of result quality,
investigations of source variety, and content analysis. It emphasizes
transparency in methodologies, reproducibility of outcomes, and
responsible data collection.

CCS Concepts

« Information systems — Information retrieval.
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1 Introduction

Auditing commercial web search engines poses an ongoing and
fundamental challenge for the information retrieval (IR) community
and beyond. Traditional evaluation paradigms, such as those used
by the Text REtrieval Conference (TREC) [17], are not applicable
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because they require access to system internals, test collections, and
ranking functions. In contrast, commercial search engines operate
like “black boxes”. They treat their ranking algorithms and result
data as crucial intellectual property, offering minimal access, if
any, to their data. This requires the development of specialized
methods and tools for conducting external observational studies.
These studies require not only the collection of search engine results
pages (SERPs), but also the archiving of the full content of the linked
web pages — a key capability that RAT provides.

In recent years, the IR community has advanced evaluation meth-
ods through large-scale initiatives like MS MARCO [9] and the
TREC Deep Learning Track [4]. However, initiatives like these do
not address the problem of auditing external, closed systems. In
addition, access to APIs provided by search engine vendors is lim-
ited and often insufficient for rigorous academic research. Large
providers such as Google offer only limited access, while others,
such as Microsoft Bing, have completely discontinued their pub-
lic search APIs [8]. Even if some smaller providers, such as Brave
Search, offer APIs, the overall landscape indicates that relying solely
on APIs is not a sufficient solution. These APIs often come at a
significant cost, are subject to strict limitations, and usually do
not deliver the same results or comprehensive SERP features (e.g.,
universal search, featured snippets, or Al-generated overviews)
that are presented to end users. This discrepancy makes reliable
comparative studies, such as comparing the retrieval performance
and output quality of two commercial search engines, exceptionally
difficult without considerable, non-standardized effort.

As research questions expand beyond relevance to include issues
such as source diversity, content classification, and fairness [15],
the need for a sustainable, open-source, and integrated platform
becomes critical. This paper demonstrates the Result Assessment
Tool (RAT), an open-source toolkit designed to fill this gap. RAT
provides a flexible, end-to-end framework that unifies the entire
research workflow: from study design and robust data collection
(including both SERP metadata and full-page archival of result
documents, and also Al-generated content like AI Overviews and
answers provided by Chatbots) to a dedicated human assessment
interface and an extensible automated analysis framework [15].
The software is designed to support a wide range of empirical
studies, from retrieval performance tests and source diversity audits
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to qualitative content analysis and investigations of algorithmic
fairness. Our key contribution is this unified, sustainable software
solution, which we validate through its successful application in
multiple empirical studies. The software can be downloaded and
installed as a self-hostable package and is also available as a ready-
to-use web application.

2 RAT Research Workflow and System
Architecture

RAT is a customizable, web-based application developed in Python,
intended for researchers and study participants. Its modular archi-
tecture consists of two main applications: RAT Frontend and RAT
Backend, which interact via a shared PostgreSQL database. This
separation allows applications to be installed on different comput-
ers, enabling researchers to utilize resources for computationally
intensive tasks (such as scraping dynamic pages or running classi-
fiers) without affecting the frontend interface. The entire system
was designed according to user-centered design (UCD) principles
and includes automated testing and heuristic evaluations to ensure
adaptability for both conventional information retrieval studies and
qualitative content analysis, as well as other study types. Figure 1
shows RAT’s software architecture, including its applications and
components.

RAT Frontend

|[ Evaluation View |

NS

| Study Designer  Analyzer  Data Exporter

Researcher View

)| Assessment Interface
>

-
-

Database RAT Extensions

\ 4
RAT Backend

Backend Modules (Server 1)

@ B2 B

Search Engine Scraper Source Scraper Classifior

Backend Modules (Server 2)

Search Engine Scraper Source Scraper Classifior

Figure 1: Software architecture of RAT [15]

2.1 Frontend Application

The RAT Frontend is a Flask-based GUI that provides two distinct
views for the system’s different user groups. The Researcher View
serves as the central control panel for managing a study. It includes
the Study Designer, a module where researchers define all study pa-
rameters, such as result types (e.g., snippets only, full-page archival,
Al-generated content) and query lists. This module also integrates
the Query Sampler, a tool to systematically generate query sets
using the Google Ads API [12]. Within the Researcher View, re-
searchers can create questionnaires for jurors that support a wide
range of question types, including Likert scales, open-ended ques-
tions, and sliders. The Analyzer module computes and displays
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real-time statistics on collection progress, participant answers, and
classifier results. Finally, the Data Exporter allows downloading all
collected data in XLSX format.

The Evaluation View is the assessment interface for study partic-
ipants (jurors). Participants can register via a unique URL, enabling
anonymous data collection. Jurors are presented with an archived
screenshot of a search result (i.e., a web page) or an Al-generated
answer, along with the corresponding questionnaire, ensuring that
all participants evaluate the exact same content.

2.2 Backend Application and Data Collection

All modules in the backend, including the Search Engine Scraper,
Source Scraper, and Classifier, are controlled by a job management
system (see Figure 2), which ensures that all necessary processes are
executed in the background using the Advanced Python Scheduler
(APScheduler). This system sets up jobs for scraping and classi-
fying data in database tables, tracks their status (running, failed,
completed), and automatically repeats failed jobs up to a specified
maximum number of attempts to ensure that they are executed
correctly [15].

";‘ " Update

W sob Tables
-

P\ Scheduler

= 4m

Reset

Figure 2: Job management system in RAT [15]

Data collection is a two-step process: First, the Search Engine
Scraper collects metadata (title, URL, snippet) from SERPs or Al-
generated content. Maintaining scrapers is challenging, as search
engines frequently change their layouts. To address this, RAT em-
ploys multiple technical collection methods while respecting web-
site policies and without attempting to bypass protective measures
like CAPTCHAs. This includes a traditional backend collector using
Selenium WebDriver! in headless mode to scrape without rendering
web pages, enabling parallel scraping on web servers in the back-
ground, as well as a new, in-development browser extension. This
extension integrates with the RAT platform but runs in a standard
web browser to more closely mimic human interaction.

Second, the Source Scraper retrieves the full content of each
collected URL. We also use Selenium WebDriver for this task. It
can interact with dynamic web pages (e.g., by executing JavaScript
or scrolling), which is essential for capturing the full content of
modern websites. Simpler tools, such as BeautifulSoup? or cURL?,
are inadequate because they do not support server-side rendering.
While scraping search results is the primary use case, RAT also

Lhttps://www.selenium.dev/
Zhttps://pypi.org/project/beautifulsoup4/
3https://curl.se/
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includes scrapers to capture Al-generated content, including Google
Al Overviews and responses from chatbots such as ChatGPT.

2.3 Classification and System Extensibility

RAT is designed as an extensible platform. The classification mod-
ule allows researchers to add their own automated analysis scripts.
These classifiers can use the data collected for each result, includ-
ing the URL, domain, position, snippet, complete source code, and
original search query. Classification results are stored as key-value
pairs in the database. A pre-implemented SEO classifier [14] that
estimates the probability of search engine optimization for a web
page is already included. Furthermore, RAT supports community
contributions via a dedicated GitHub repository for RAT exten-
sions*. This allows researchers to develop and share new modules
that integrate with the RAT database.

3 Application Scenarios and Impact

The broad applicability of RAT is demonstrated by its successful
application across various scientific disciplines, indicating that its
usefulness extends beyond information retrieval (IR). For traditional
information retrieval, RAT’s original use case was large-scale com-
parative retrieval audits, such as a comparison of Google and Bing
that utilized crowdsourcing to evaluate results for a set of 1,000
queries [6]. RAT has been used to conduct large-scale studies of
source diversity. For instance, it was used to collect and analyze
141,480 results from Google, Bing, DuckDuckGo, and MetaGer to
compare the overlap of their results and the diversity of domains
presented to users [18]. Following this, it was applied to analyze the
visibility of extreme-right content in Google’s results for sensitive
queries in Germany and Sweden [10].

Other examples of research include the study by Haider et al.
[7], which used the Query Sampler [12] to generate search queries
related to the keyword “vindkraft”, the Swedish word for wind
power. In another study by Rodl and Haider [11], RAT was used to
scrape keyphrases from the Swedish climate obstruction network
on Google and DuckDuckGo. In political science, the automated
classifier was used to analyze the use of search engine optimization
(SEO) by political candidates in the 2021 German federal election.
A total of 1,372 websites were classified to measure the use of
optimization techniques [5].

RAT is not commercial, but rather methodological and technical.
Its primary technical impact is providing a single, sustainable, and
extensible framework. This framework is what enables scalable,
replicable audits of live information systems and search engines. Its
research impact is demonstrably interdisciplinary, as evidenced by
the studies mentioned. The tool is already in active use, as multiple
studies have been published.

4 Significance and Comparison to Related Work

The novelty of RAT lies in its sustainable integration of the entire
research workflow, closing a gap in the research software ecosystem
[15]. The tool positions itself between three categories of existing
software, each with significant limitations for scientific research.

4https://github.com/rat-software/rat-extensions
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First, there are raw extraction libraries such as Selenium, Scrapy®,
and Playwright®. While these provide the technical capability to
render and interact with web pages, they are not complete research
instruments. They lack the necessary infrastructure for scientific
accuracy, such as reproducible job scheduling, error recovery, data
management, and separation of user roles, forcing researchers to
rebuild these complex systems from scratch for every study.

Second are commercial marketing suites and proprietary data-as-
a-service platforms like Ahrefs [20], ScraperAPI [13], and Screaming
Frog [19]. These services are not built for academic research but for
marketing and SEO. More critically, their data collection methods
are opaque, and their terms of service often explicitly prohibit data
storage, sharing, and deep analysis.

Third are previous academic tools (e.g., [1, 3, 16]), which provided
valuable contributions but often suffer from a lack of sustainability.
Typically designed for a single study, they are rarely maintained or
extensible. RAT addresses this by offering a modular, community-
extensible framework with a long-term organizational structure,
ensuring it adapts as web technologies evolve.

RAT, by contrast, is designed to solve the limitations of all three
categories. It is an open-source, integrated environment built by
researchers for researchers. It provides the complete, sustainable
infrastructure that standalone libraries lack, offers the method-
ological transparency that commercial tools hide, and is built for
long-term maintenance and extensibility in a way single-study aca-
demic tools are not. Its ongoing developments, such as the new
browser extension that captures localized and personalized results
more accurately, demonstrate an evolving platform that adapts to
new research challenges.

5 Ethical Considerations and Methodological
Integrity

A fundamental design concept of RAT is to enable responsible and
systematic research. This is important in a context where there is
no consistent method for accessing publicly available search en-
gine data. Recent regulations, such as the EU’s Digital Services Act
(DSA) [21], are intended to give researchers access to platform data.
However, these regulations are often cumbersome, often restrict
data access to specific topics, and do not guarantee comparable
data across different platforms. The DSA is also not suitable for
live observation audits. The lack of data, along with the inade-
quacy of public APIs, indicates that independent external research
is essential.

RAT is explicitly designed to be a tool for targeted academic
studies (e.g., hundreds or thousands of queries), not for mass-scale
commercial data harvesting [15]. We employ several technical and
procedural measures to ensure methodological and ethical integrity.
The system’s job manager distributes requests over time and can be
configured with delays to prevent server overload. With respect to
anti-bot measures like CAPTCHA, RAT does not attempt to break
them; the job simply fails and is rescheduled for later. This approach
respects the protective measures of search systems and websites
while enabling necessary academic research.

Shttps://scrapy.org/
®https://playwright.dev/
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Beyond ethical data collection, RAT is designed to support core
scientific quality criteria in an environment where traditional va-
lidity checks are difficult. To ensure reliability, the automated Job
Manager eliminates human error in data collection timing and exe-
cution, ensuring uniform conditions across all queries. Validity is
prioritized by capturing the full DOM and visual rendering of re-
sults (via screenshots and source code) exactly as presented to users,
rather than relying on simplified text data from APIs. Finally, regard-
ing sampling adequacy, RAT integrates the Query Sampler. This
allows researchers to construct systematic, representative query
sets based on real-world search volume data, ensuring that audits
are grounded in actual user behavior rather than arbitrary keyword
selection. We argue that the ethical imperative for transparency and
independent auditing of public-facing information access systems,
especially when no sufficient, official data access exists, necessitates
a responsible, methodological tool like RAT.

6 Demonstration Plan

Our demonstration is designed to be modular, allowing attendees
to focus on the workflow stages most relevant to them on a live
instance accessible online’. To demonstrate the Researcher View
and analysis capabilities, we will showcase the study configuration
using the Query Sampler. To ensure a smooth experience with-
out waiting for live scraping times, we will utilize a pre-computed
dataset. This allows us to immediately demonstrate the Analyzer
View, highlighting visualizations of source domain overlap and re-
sults from the automated SEO classifier without delay. Furthermore,
we offer a streamlined hands-on experience for the Evaluation View.
Attendees can use a guest login to assess 1-2 search results, which
provides a quick, tactile understanding of the participant’s per-
spective — displaying archived screenshots and questionnaires —
without requiring a full study run. Finally, for interested developers,
we will briefly outline the system’s architecture and extensibility
via our GitHub repository [7], explaining how custom scrapers or
classifiers can be integrated into the RAT ecosystem.

7 Conclusion

The Result Assessment Tool (RAT) is an integrated, open-source
toolkit for reproducible science. It is available both as a self-hostable
package and as a ready-to-use web application, lowering the techni-
cal barrier for researchers. It fills a gap between simple scripts and
commercial tools. By providing a common, extensible platform for
study design, collection, assessment, and analysis, RAT empowers
the broader research community to conduct the essential work of
understanding the complex information systems that influence our
world and their users. RAT is an actively evolving project. Future
work is focused on expanding our collection capabilities (such as the
new browser extension) and ensuring the long-term sustainability
of the software. To this end, we are establishing a RAT Associa-
tion to provide an organizational home for the tool beyond current
funding, ensuring its continued development and support for the
research community.

https://rat-software.org/
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Availability of the Software and Research Data

In compliance with the Findability, Accessibility, Interoperability,
and Reusability (FAIR) principles [2], we make the research data
from our RAT studies accessible through the Open Science Frame-
work (OSF), provide a software demonstration, offer a demo video,
and make the source code available [7].
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