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ABSTRACT

The Result Assessment Tool (RAT) is a software toolkit for conducting research using results from commercial
search engines and other information retrieval (IR) systems. This software combines modules used for the design
and management of studies, the automatic collection of search results through web scraping, and the assessment of
search results by jurors using different scales in an assessment interface. Due to the flexibility of RAT, several types
of studies can be implemented, for example, classification studies and qualitative content analyses in addition to
classic retrieval tests. Therefore, RAT is a versatile tool and useful in various disciplines.
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INTRODUCTION

Studies that rely on results from commercial search engines and other information retrieval systems usually require
manual work in designing the test, collecting the search results, finding jurors, gathering their ratings, and analyzing
the test results, making it challenging to conduct such studies on a large scale. Jurors are individuals who evaluate
collected search results at various levels, e.g., assessing their relevance to a particular search task or performing
classification tasks. For instance, a researcher interested in comparing the sources and relevance of the results from
Google and Bing on a particular topic would need to design a test, then use the queries to search for results in both
search engines, copy the URLs from the result pages, randomize the URL lists, distribute the URLS to the jurors for
evaluation, make a list of all domains found in the results and compare them between the two engines. Finally, the
researcher must collect and analyze the juror's scores. It is obvious that the described process is cumbersome and
cannot be applied on a large scale. These problems have been evident for years, and some software solutions have
been developed. However, these are tools primarily designed for one-time use in studies (e.g., Bar-llan & Levene,
2011; Tawileh et al., 2010; Trielli & Diakopoulos, 2020), prototypes that have not been further developed (Lingnau
et al., 2010; Renaud & Azzopardi, 2012), and software for test collections (Dussin & Ferro, 2008; Koopman, 2014;
Ogilvie & Callan, 2001) or for narrowly limited use cases (The Digital Methods Initiative, 2022; Thelwall, 2009).
To integrate all steps of the testing process into a complete and sustainable solution, we develop the Result
Assessment Tool (RAT). RAT is a software toolkit that enables researchers to conduct large-scale studies based on
results from search engines and other IR systems. The software toolkit is unique due to the offered flexibility,
automation of tasks such as the scraping of commercial search engines, and the possibility of using the integrated
platform to evaluate search results. In addition, RAT provides functions for automatically analyzing the jurors’
ratings and determining statistics, such as the overlap of search results between different search services. These
features will support the quantitative evaluation of search results to assist manual interpretation by researchers in
subsequent studies. In the following, the Result Assessment Tool is presented with all the components currently
available.
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FUNCTIONALITY

RAT is a flexible web-based software toolkit developed in Python using the database PostgreSQL and Selenium
testing suite for web scraping. Researchers can access a web interface to design studies, while participants can
simultaneously use this interface to evaluate search results for predefined questions. The toolkit has been designed
flexibly, allowing nearly all kinds of studies based on search results to be carried out; in addition to classic studies on
IR, classification studies, data analyses, and even qualitative content analyses are possible.

RAT consists of the following six modules:

1. Test design: The test design module is the basic module that researchers use to define the type of study, the result
type for the assessment (search results or snippets from search result pages, or both) and the type of access to the
assessment interface. Access options include using a single access code (same code for all participants), personal
access codes (each participant gets their own code), or group codes (used for group comparisons).

2. Result scraper: This module is used to define search tasks with search queries and select the search engines to be
scraped. For instance, a researcher might write their own task descriptions (e.g., "You are searching for information
on nuclear energy. How relevant is the following result?"), define a set of queries for their study ("nuclear power",
"nuclear energy", "atomic energy", and so on), and define the search engines from which results should be collected
(e.g., Google and Bing). Alternatively, lists of URLS can be uploaded to be made available for assessment. The
content of the search results or URLSs are scraped, and the source code and screenshots are stored in the database.
As copies of the results and result documents are generated, all results will be available to jurors in the version
when they were scraped; i.e., jurors will not experience any 404 errors or see documents updated in the meantime.

3. Definition of questions: RAT is very flexible in the design of questions. Question types include open-ended
questions, Likert scales, sliders, and multiple-choice questions.

4. Assessment interface: In the assessment interface, jurors click through the copies of the results and answer
predefined questions (e.g., "How relevant is the result shown here?", "Would you see this result as coming from a
reputable source?”, "Is this text well-written?").

5. Analysis module: The analysis module offers options for automatically analyzing the scraped results. Examples of
such analyses include calculating the overlap of search results (Yagci et al., 2022) or measuring the application of
search engine optimization (SEO) on web pages (Lewandowski et al., 2021).

6. Results export: Researchers can download the search results, juror scores, and the results of the analysis modules
as tables at any time, enabling further use of all the collected and created data.

Figure 1 shows the overview page for a study in RAT. This view displays the status of the study, and it offers a glance
into the search engines, search queries, questions, tasks, and number of participants so far. The study summary
provides an overview of all the options specified in the test design process. It shows the study type (e.g., relevance
assessment or classification study); result types to be assessed (e.g., organic results or search result snippets); search
engines used in the study; and the search queries entered. "Analysis" provides access to the results of the automatic
analysis, and "Export" opens a module to download the results in tabular form for further processing. Figure 2 shows
an example of an assessment in the assessment interface of the Result Assessment Tool. The jurors see all predefined
questions on the left side and a screenshot of a result to be evaluated on the right side.
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Figure 1. Dashboard of RAT Figure 2. Assessment interface of RAT

All collected results and assessments can be processed by automatic processes in the analysis module of RAT. The
automated analysis for a study in the Result Assessment Tool computes and reports statistics about the study. These
statistics provide an overview of the number of search queries, search results to be collected per query, and expected
and collected results. These are standard statistics for any study; it is possible to calculate and display other




statistics, for instance, the probability of using SEO on a search result or the calculation of the overlap of search
results between the search engines used in a study. Both examples already show the potential of automated analyses
since no further effort was required for the overlaps and the classification. We designed the analysis module so that
researchers can extend it easily. In the future, we will extend this module with standard measures for information
retrieval and readability scores, among others.

AVAILABILITY OF SOFTWARE DEMO, SOURCE, AND RESEARCH DATA

To adhere to the Findability, Accessibility, Interoperability, and Reusability (FAIR) principle (Wilkinson et al., 2016),
we make the research data on the studies we conducted with RAT (Lewandowski et al., 2023a) and the source code
(Lewandowski et al., 2023b) available. The demo is available at https://rat-software.org.
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