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Abstract. The Result Assessment Tool (RAT) is a software toolkit for conduct-
ing research with results from commercial search engines and other information
retrieval (IR) systems. The software integrates modules for study design and
management, automatic collection of search results via web scraping, and eval-
uation of search results in an assessment interface using different question
types. RAT can be used for conducting a wide range of studies, including re-
trieval effectiveness studies, classification studies, and content analyses.
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1 Introduction

Conducting research using search engine data is challenging. Data from com-
mercial search engines is not publicly available, and only a few search engines
offer an API for accessing search results. In addition, recruiting jurors to evalu-
ate search results is challenging, making it difficult to conduct studies on a large
scale.

The information retrieval (IR) community has been developing software tools
to conduct retrieval effectiveness studies for decades. However, the tools pri-
marily consist of one-time use tools (e.g., Bar-llan & Levene, 2011; Tawileh et
al., 2010; Trielli & Diakopoulos, 2020), prototypes that have not been developed
further (Lingnau et al., 2010; Renaud & Azzopardi, 2012), and software to be
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used with test collections instead of real-world data (Dussin & Ferro, 2008;
Koopman, 2014; Ogilvie & Callan, 2001) or specific use cases (Digitalmethods,
2023; Thelwall, 2009). Therefore, we propose the Result Assessment Tool
(RAT) as a sustainable solution that integrates all the necessary steps to con-
duct studies based on search engine data.

2  Significance of the Result Assessment Tool

On the one hand, the significance of the RAT derives from the need for a sus-
tainable solution within the IR community to conduct large-scale studies based
on search engine data. On the other hand, RAT is not limited to IR. In the field
of health, for instance, health experts evaluated the quality (e.g., Janssen et al.,
2018) or manually coded the content (e.g., Rachul et al., 2020) of health-related
search results. In addition, researchers in the field of media and communication
science classified search results e.g. based on content types and ideological
biases (e.g., Ballatore, 2015). Since such studies usually rely on small data sets
that are manually collected, evaluated, and analyzed, we see great potential for
RAT, as its scalability can improve the studies by providing larger data sets and
making jurors’ work easier. Due to its modular construction, RAT possesses a
high level of adaptability. Thus, its functionality can be expanded based on the
needs of its users by adding new modules.

3 RAT use cases

Since evaluating the quality of information retrieval systems is an everyday use
case when analyzing search engine data, the Result Assessment Tool was in-
itially developed to conduct retrieval effectiveness studies. Even though quality
is a multifaceted concept, the retrieval efficiency of search engines remains the
foundation of all comprehensive quality evaluations. The retrieval effectiveness
of Google and Bing was the subject of a study conducted with this early RAT
version (Lewandowski, 2015). The jurors evaluated search results for 1,000 in-
formational and navigational queries using a crowdsourcing strategy. Conduct-
ing classification studies is another use case. RAT supports both manual (i.e.,
by hand) and automatic (i.e., algorithmic) classifications of search results. The
researchers or judges can perform the manual classification through the as-
sessment interface. Automatic classifications can be accomplished by utilizing
existing classifiers or by adding one's own classifiers. We refer to the study
conducted with RAT by Hinz et al. concerning automatic result classification.
The authors analyzed whether candidates use search engine optimization
(SEO) on their personal websites for the 2021 federal election”.

RAT is also capable of facilitating content analysis based on search results.
An example is the work by Haider et al. (2023). For the Swedish term for wind

' The SEO-classifier implementation is described at (Lewandowski et al., 2021)



power (vindkraft), the query sampler extension (SchultheiR et al., 2023) gener-
ated 252 queries, for which the RAT scraped 5,710 search results?.

The software also supports domain analyses, such as comparisons between
search engines and countries. Yagci et al. (2022) analyzed the source diversity
of Google and alternative search engines and the degree to which their root
domains overlap. The top 10 search results from Google, Bing, DuckDuckGo,
and MetaGer were scraped for 3,537 queries, resulting in 141,480 results.

4 Functionality of RAT

The Result Assessment Tool is an adaptable web-based software toolkit built
with Python, the PostgreSQL database, and Selenium for web scraping. Re-
searchers can use a web interface to design studies, while participants evaluate
search results for predefined questions using the same interface. In addition to
traditional IR studies, classification studies, and data analyses, qualitative con-
tent analyses are also possible due to the modular design of the toolkit. We
develop the software based on the principles of user-centered design (UCD).
The evaluation of the usability of the software is an integral part of the UCD
process (Abras et al., 2004; International Organization for Standardization,
n.d.), which is why continuous usability tests and heuristic evaluations are con-
ducted. Fig. 1 shows the software architecture of RAT with its applications and
modules.

RAT Frontend
Researcher View N Evaluation View

=

| Study Designer Analyzer Data Exporter
> porter J

jsi

Participants

\ 4

lIII

Researcher

Assessment Interface |
. S

|
é: :-I

Data.base RAT Extensions

RAT Backend

Backend Modules Backend Modules

@ B bl 8 BBb

Search Engine Scraper Source Scraper Search Engine Scraper Source Scraper

Classifier Classifier

2 We developed a script that generates search queries based on keyword suggestions generated
by the Google Ads API: https://developers.google.com/google-ads/api/



Fig. 1. Overview of the applications and their modules in RAT

The software consists of two applications that can be installed on separate
computers and are linked through the database. This allows researchers to
share the resources required for time-consuming and computationally intensive
processes. The backend application provides scraping processes and classifi-
cation tasks, while the frontend application provides a graphical interface for
researchers to design studies and for study participants to evaluate search re-
sults. In addition, we provide an infrastructure for developers and researchers
to create extensions for RAT that will be connected to RAT through the data-
base.

The RAT Frontend application is a Flask GUI designed for researchers and
study participants. It includes a Researcher View for designing studies and an-
alyzing results and an Evaluation View for collecting participant assessments.
The Study Designer is the basic module researchers use to define the study
type, the assessment result type (search results and/or snippets from search
result pages), and the type of access to the assessment interface. In the Re-
searcher View, researchers can invite participants and define questions using
Likert scales, open-ended questions, sliders, and multiple-choice questions.
The Analyzer module computes and reports statistics about the study, including
search queries, the expected number of results, and evaluation statistics. The
Evaluation View in the RAT Frontend allows participants to register using a link
provided by researchers. This approach enables anonymous access to partici-
pation and does not collect identifiable data. Answers are stored in a database,
accessible using the Data Exporter to download the results.

The RAT Backend application processes inputs from the Researcher View
in the RAT Frontend. The main module in the backend is the result scraper.
During the scraping of results, metadata, source code, and a screenshot of the
result are collected. The result scraper is based on Selenium, a test suite for
web applications. A framework for automatically adding classifiers to analyze
search results has also been implemented. The RAT Backend's architecture is
based on a job management system using the Advanced Python Scheduler
library (APScheduler). Jobs for all modules are created through inputs in the
Researcher View at the RAT Frontend, and search results are collected by the
Search Engine Scraper. Alternatively, lists of uniform resource locators (URLSs)
can be uploaded to be made available for assessment. Researchers can use
scrapers we already provide (Google, Bing, DuckDuckGo) or add their search
engine scrapers. The classification module allows automatic classifications
based on the collected data. RAT provides the possibility of adding any classi-
fier using templates and the database.



Availability of software demo, source code, and research
data

To adhere to the Findability, Accessibility, Interoperability, and Reusability
(FAIR) principles (Wilkinson et al., 2016), we make the research data on the
studies we conducted with the RAT available via the Open Science Framework
(OSF)3, provide a software demo*, and provide the source code®. This is part
of our sustainability strategy, which also serves as a marketing measure for
building an international community of researchers and developers. Registering
an account through the launch demo button is necessary for the software demo.
The user is supported in creating the study within the tool.
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