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ABSTRACT Scraping is a topic studied from various perspectives, encompassing automatic and AI-based
approaches, and a wide range of programming libraries that expedite development. As the volume of
available web content increases, it becomes increasingly challenging to anticipate end-user requirements
regarding what, how, and when to extract data from the web. This challenge is compounded when
integrating data from multiple websites, particularly when websites’ search engines dynamically retrieve
unavailable data via permanent links. Complex scraping processes, such as these are difficult to develop
using general-purpose programming languages and are challenging to automate with AI-based approaches.
Controllability is a crucial aspect of scraping, that is, how end users can make decisions during the scraper
specification process, understand information sources, and how the data are ultimately extracted, compiled,
and formatted for output. In response, our study presents an innovative end-user approach for specifying
scrapers that focuses on seamlessly integrating data from multiple sources. Through this approach and
its supporting toolset, we aim to provide users with greater control and transparency over the extraction,
integration, and formatting of data, thereby addressing the key concerns in web scraping. The approach and
toolset were evaluated and they yielded promising results.

INDEX TERMS Web mining, end-user computing, human computer interaction, user centered design, web
scraping, data integration, scraper specification, web data extraction.

I. INTRODUCTION
Web scraping is a well-established technique for obtaining
structured information from the web. It is formally defined
as ‘‘a technique to extract data from the World Wide Web
and save it to a file system or database for later retrieval
or analysis’’ [1]. Other authors define a Web scraper as ‘‘a
software that simulates human browsing on the web to collect
detailed information from different websites.’’ [2], while it
is also defined as ‘‘the procedure of automatic extraction of
data from websites using software’’ [3]. These definitions,
as well as others we can find in the literature, are based on
the following key aspects:
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• Automation of interaction: Web scraping requires a
strategy for traversing web pages, usually involving
some kind of automation where a software artifact visits
pages, stimulating the system to generate web page
content.

• Data Extraction: Web scraping involves extracting data
from web pages once a web page is targeted. It gathers
information from the page, including text, images,
tables, and links. The data extraction process typically
involves parsing the HTML structure of a webpage and
identifying specific elements or patterns to be extracted.

• Output building: The final step of the scraping process
consists of generating a type of output for structured
data.

Web scrapers are software artifacts that can be created
using various approaches. Web scrapers may be created
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by programming them using general-purpose programming
languages, such as Python or JavaScript, commonly using a
library (i.e., Selenium1 or Cheerio2), which makes it easier
for some parts of this development. However, end-user-
driven approaches allow users without programming skills to
define scrapers, usually supported by visual programming or
programming using demonstration tools. Mid-way between
tools for developers and tools for users without programming
skills, there are approaches based on domain-specific lan-
guages (DSL) that provide a way to specify scrapers without
advanced programming skills but still program them using a
programming language specifically designed for these aims,
which ultimately reduces requires programming skills.

Although AI-based approaches offer a good way to reduce
the overall workload for defining scrapings, they are not easy
to use by end users if they want to ‘‘tune’’ the scraping
process.

The implications of using one or more of these strategies
are diverse, and are discussed in depth in the following
section. At this point, and for a good understanding of
our motivation and the presentation of our approach, it is
important to note that end-user-driven approaches make it
quick and easy to define web scrapers, but at the same time
reduce expressiveness (i.e., there is a trade-off between the
simplicity of these approaches and the overall power of the
resulting scraper). However, AI-based approaches may affect
user controllability.

Although Web scraping is an old technique, new
approaches are constantly emerging, and it remains a relevant
technique because the Web has become the most important
data source. Although the Web of APIs has been growing
over the past few decades, it is still true that not every web
application provides an API to obtain the information they
provide [4]. In the new era of Web browsers that integrate IA,
providing new approaches for powerful scraping driven by
end users in the browser is an interesting way to combine
automatic information processing with data designed by
users.

Therefore, Web scraping remains relevant, while some
authors analyze its use in different fields such as Business
Intelligence, AI, Data Science, Big Data, Cloud Computing,
and Cyber Security [3], Web scraping is also an important
aspect in end-user oriented engineering approaches such as
mashups [5] and Web Augmentation [6]. This implies that
Web scraping is a technique used in several scenarios and is
performed by users with different levels of technical skills.

In this study, we focus on end-user programming of web
scrapers considering two main dimensions that, to the best
of our knowledge, have not been considered in the existing
approaches.

• ManyWeb applications provide information exclusively
through their search engines, making it challenging
for end users to access and utilize data efficiently.

1https://www.selenium.dev/
2https://cheerio.js.org/

To address this limitation and unlock the wealth of
knowledge hidden behind these search engines, a web
scraping approach should be able to emulate the user
interaction required to perform a search using the search
engines provided by web applications. In addition,
such an emulation should consider other aspects of the
search engine UI, such as pagination and filters. These
characteristics also differ from those of typical web
crawlers, which depend on permalinks and usually do
not take advantage of the dynamic content.

• The information on the web is spread in different web
applications, which implies that obtaining the desired
data could require the integration of information pieces
from multiple sources, that is, the information objects
produced as outputs are composed of properties whose
values are spread among different web applications.

To illustrate these ideas with a simple example, imagine
a scraper of the scientific literature domain. This scraped
the Springer website to obtain articles on a specific topic.
At first glance, it is clear that an automated process for
emulating a search in Springer is required. Once the results
page was retrieved, two things occurred: First, the pagination
mechanism should be activated in order to obtain more
studies. Second, for each resulting paper in the Springer
search, it may be necessary to automate navigation to the
paper’s webpage to obtain further information that is not
available on the search results page, such as the complete
abstract of the paper. Thus far, the scraping process has
produced an output containing information objects (papers),
with properties (title, year, abstract, authors) and their
values extracted from Springer. However, more information
related to each study can be obtained from other scientific
repositories. For example, the scraping process may require
attaching a property citations obtained from Google Scholar
to each paper obtained from Springer. Then, for each paper,
it would be necessary to automate the search in Google
Scholar using the value of the property title to check that a
Google Scholar result has the same title, and if that is the
case, extract the number of citations. Beyond this, it would
also be interesting to add papers of the same author’s property
to each of the papers extracted from Springer, and someone
could consider that the best place to obtain papers for a
specific author is the DBLP website. In this case, searching
for an author in the DBLP and extracting other papers from
the same author would be necessary.

In this scenario, as the reader will notice, scraping would
require emulating the user interaction with at least three
websites and, more importantly, coordinating the integration
process among the results of the three search engines. Finally,
it is necessary to specify the final composed information
object.

Certainly, a skilled developer can create this scraper
using JavaScript, Python, and related technologies. However,
existing end-user programming approaches for web scraping
do not provide sufficient expressiveness to create a scraper.
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We believe that the scraping of information from the web
is very important. It is necessary to create technological
enablers that allow end users without programming or techni-
cal skills to define how to scrape theweb. Although very inter-
esting works exist in this respect, we consider that because the
Web is clearly a heterogeneous corpus of information spread
across multiple sources, new approaches are necessary.

In this paper, we present the Programmable Retrieval
Interaction SIMulator (PRISM) approach, which is an
evolution of our previous work called ANDES.

Our contribution in this study is based on an approach
for defining web scrapers that allows end users without
programming skills to define this type of artifact, considering
the above-mentioned aspects. Simply knowing how to
navigate the web and having a basic understanding of browser
extensions would suffice for the users. In addition, our
approach is structured around two main components: (1)
the automation of data extraction from websites, referred
to as the PRISM spec (PRISM search service); and (2)
the composition of these specifications, called PRISM
composition specs, which define the integration and data
flow from one specification’s output into another’s input. For
example, let us consider a user searching for a specific book
on a review website (such as Goodreads) who simultaneously
wants to check its availability on their city library’s web portal
and its price/purchase options on Amazon.

Traditionally, users would have to perform search and
information extraction manually and independently across all
three websites. With our solution, the user can simply create
the necessary PRISM specs (PRISM search services) for each
site and integrate them into a single workflow. This approach
drastically reduces the search time and effort, and provides a
consolidated result.

To validate our approach and tools, we conducted a usabil-
ity evaluation with more than 40 users without programming
skills.

In Section II, we present both background and related
work, reporting a brief literature review on the topic,
considering an introduction to the topic and two more
specific subsections. We present our approach in Section III,
and the toolset supporting this approach in Sections IV
and V. In Section VI, we report on a developer’s experience
in developing an example of a scraper. A comprehensive
evaluation of the proposed approach and its tools, along with
formal metrics derived from our measurements, is presented
in Section VII. Finally, in Section VIII, we present our
conclusions and discuss future research.

II. BACKGROUND AND RELATED WORK
Web scraping has a long history. Even before the term ‘‘web
scraping’’ was coined, similar concepts were referred to by
various names, for instance, ‘‘web wrappers’’ [7]. Despite
this age, web scraping remains significant even within the
‘‘API world’’ [4]. It is still an active research field, and
also it offers possibilities in the industry, there are now
several IT product companies that rely heavily on these

techniques for their value proposition, such as Octoparse and
Import.io.

As it was said before, nowadays, very mature technolo-
gies for performing web scraping using general-purpose
languages [8] are available, which offer great flexibility but
require advanced programming skills.

The essential goal of our approach is to enable users to
obtain structured information from the Web by automating
the search functionalities of websites search functionalities.
Our approach has three crucial stages: searching for infor-
mation in websites, composing or integrating results from
several websites, and determining the output format.

Currently, studies focusing on the first stage involve
scraping information from a web page. In our case, this
was performed semi-automatically by initially requesting the
user to select the attributes to be scraped. Zhou et al. [27]
created the Simpon model, which focuses on attribute
extraction similar to our approach; the difference lies in
how the data are obtained from the DOM. In our case,
we requested the user to specify the attribute to retrieve,
whereas Simpon employed an artificial intelligence (AI)
method based on a multi-layer perceptron (MLP) for
multi-class classification to obtain DOM attributes. A similar
AI approach to attribute extraction from web pages is
Schema-Driven Information Extraction [20], which utilizes
a Large Language Model (LLM) to extract specific attributes
from tables through machine learning. Another AI approach
for ‘attribute extraction’ is DOM-LM [19], which utilizes
a self-supervised pre-training algorithm to learn the textual
semantics of a node locally and how it fits into its context
within the DOM tree. Artificial intelligence offers a powerful
mechanism for recognizing semantics in web page content.
However, as we mentioned before, it is not the unique step
required in the type of scraper whose creation we want to
support. It is important to note the integration of properties
from multiple sources and the controllability that end users
may require in this process. In this sense, the free choice
of DOM properties a user wants to obtain is intrinsic to
a person and the scenario of use, furthermore cannot be
achieved with AI algorithms because they are not aware of
the likes and preferences of the end user. Although AI has
undoubtedly transformed many aspects of web scraping, end-
user tools continue to play a valuable role in democratizing
data access and empowering users with diverse skill sets and
requirements.

Some of the advantages of our approach over AI-based
solutions stem from its low computational cost, as our
tool runs directly in the browser, a benefit also noted
by Barba et al. [34] when discussing traditional methods.
Another strength of our approach is the level of control,
transparency, and traceability it provides, as it is rule-
based, allowing users to easily understand how each piece
of data is obtained and ensuring greater oversight of the
extraction process. Additionally, maintaining control over
what we extract ensures that we do not violate ethical or legal
principles. In contrast, when using AI-based approaches,
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compliance with these principles depends heavily on how the
underlying algorithms are trained [36].

Currently, works such as that of Yannikos et al. [35]
leverage artificial intelligence to address specific tasks,
such as solving CAPTCHAs with neural networks, before
proceeding to content extraction. This reinforces the idea that
integrating AI with approaches, such as ours provides an
effective solution for web information extraction.

A. END-USER PROGRAMMING FOR WEB SCRAPING
Web scraping libraries available for users with programming
knowledge, such as Selenium [9], Scrapy [10], Beautiful
Soup [11] and Puppeteer [13], are widely used. These
libraries excel at retrieving and parsing web content.
However, they can be complex for end-users without
programming knowledge. These tools require the installation
of a development environment, configuration of libraries, and
handling of errors when executing the scripts. Our tool frees
users from these tasks, enabling them to obtain web content
without complications from programming tasks.

Kumar and Roy [12] used the BeautifulSoup library
within the Jupyter Notebook environment, presenting stages
similar to those through which our tool extracts data from
the Web. The most common methods include web data
inspection, parsing, and visualization; however, they still
require programming skills.

In recent years, various efforts have been made to create
tools for individuals with no programming knowledge who
wish to extract content from the Web. Some tools have an
approach similar to ours and focus on non-programmers, such
as CoScripter [29], Vegemite [14], and Rousillon [15]. Many
of these tools primarily focus on content retrieval.

Rousillon [15] focused on scraping the distributed hier-
archical data. It generates two-level page abstraction loops,
which are the features shared by our DOM data extraction
tool. In contrast to Rousillon, our approach leverages the
search capabilities of websites, that Rousillon does not
offer. In addition, Rousillon does not allow integration of
information objects from different sources.

ScrAPIr is an interesting tool for allowing end users to deal
with information on theweb [16] by consuming the integrated
APIs of websites that provide this service. The advantage of
this tool is that it provides an interface that non-programmer
end users can access. However, this is limited to websites with
integrated APIs. The potential of our approach is that it can
be applied to all websites that offer a search engine to retrieve
the domain objects.

Some commercial web platforms perform scraping, one of
which is Octorpase [17], which shares features with our tool,
such as being designed for non-programmer users. However,
they do not consider the simultaneous integration of multiple
search engines from different sites to gather information.

B. WEB EXTENSIONS FOR WEB SCRAPING
Web browser extensions deserve special attention because
they are convenient ways to access and parse the web content.

Currently, browser extensions such as Wildcard [18], web
scraper [21], Data Miner [22], and Octoparse [23], perform
web scraping.

Wildcard, presented by Litt and Jackson [18], is a web
extension that enables the augmentation and manipulation of
object properties obtained from the DOM. It was designed
to be used by non-programmers through a technique called
spreadsheet-driven customization. This feature distinguishes
it from our approach, as we employ a lightweight interpreted
language similar to JavaScript to manipulate the DOM
objects.

Web Scraper [21] is a Chrome extension that allows users
to extract data from web pages and save it in formats such as
CSV or JSON. It provides tools to select and extract specific
elements from a web page, similar to our approach. However,
this differs because we can reuse the results from a website
search engine to perform other queries, thereby enabling us
to simultaneously build more elaborate information objects
from multiple sites.

Data Miner [22] is another chrome extension that
simplifies website data extraction. This allows users to
create custom scrapers to extract information from complex
web pages. This was based on visual programming by
demonstration, which was also utilized in our tool to
automate the extraction process. The difference with this
tool is that in addition to scraping data, it enables data
integration between websites while the scraping process
is ongoing. This means that the information obtained
simultaneously can serve as input data for another PRISM
spec, allowing for the creation of more complex informa-
tion models from different sources within the same time
frame.

Another web scraping tool that offers both a desktop
version and chrome extension is Octoparse [23]. It enables
the extraction of structured data from various web sources
and supports the programming of complex data extraction
tasks. The main difference between this tool and ours is that
it does not allow combining the results obtained from one site
and injecting them into queries on other sites simultaneously
while scraping.

ParseHub [24] is a browser extension and cloud-based data
extraction tool. It allows users to extract data from dynamic
websites, provides features to work with complex data, and
creates custom extraction rules.

None of these tools generates object models before
abstracting content, and they also do not allow for treat-
ing object properties or obtaining them from multiple
sources.

C. COMPARISON WITH WEB SCRAPING TOOLS
Table 2 presents an analysis of the main commercial and
research-oriented web scraping tools most relevant to the
objectives of our approach, many of which feature visual
programming capabilities. A detailed comparison between
the proposed approach and existing commercial tools is
provided below.
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Required Technical Level: Similar to many of the tools
presented in Table 2, our tools require only a low level of
technical knowledge.

Internal Search Engines: Our tools leverage the internal
search engines of the target websites through a PRISM spec,
a feature shared only with the tools analyzed in Table 2.

Multi-source Integration/Pipelines: Only Apify, Bright
Data, and our tools can fully utilize the data obtained from
one website as input for another in a pipeline-like process

Authentication and Pagination: Our tools, like many of
the tools presented in Table 2, support authentication and
pagination.

Semantic Extraction:As can be observed in Table 2, most
approaches do not support semantic extraction or partially
support it. In our approach the semantic extraction is fully
supported.

EndUser Control: Similar to many of the tools in Table 2,
our tool offers a very high level of end-user control.

Detail Page Navigation: Like many of the tools in Table 2,
our approach offers multi-level extraction. This means you
can navigate from a table of results (such as a search page)
and then automatically proceed to the detailed page for each
individual item to collect more in-depth information.

Polymorphic Combination: Very few tools have this
property: the ability to automatically merge records from
different websites into a single dataset. Most tools require
programming to accomplish complex tasks. In contrast, our
tool allows users to perform the same task without any
programming knowledge.

Object Composition: This feature is the essence of our
approach because no other tool can enrich a single data object
with properties from different websites without requiring any
programming knowledge.

Captcha Handling: Our tool does not have these features
at the moment because the goal of this approach was to
integrate data from various websites to obtain objects with
properties from different sites, and for this to be possible for
users without technical programming knowledge.Although
CAPTCHA solving is not automated, the solution is for the
user to address it manually. Under this condition, our tools
perform correctly in content extraction, and future work may
focus on automating the CAPTCHA resolution.

Browser Extension Support: This feature is the essence
of our approach, as it allows users without programming
knowledge to define web scrapers.

III. THE APPROACH IN A NUTSHELL
The main goal of our approach and supporting tool is to
consider the three typical tasks of a scraper described in the
Introduction section (UI automation, information extraction,
and output generation), taking into consideration the integra-
tion of information obtained using multiple website search
engines.

It is important to make it clear here that all the activities
contemplated for the definition and use of the scraper are
performed by end users in the web browser, considering that

FIGURE 1. The approach in a nutshell.

ourmain focus is to support users without programming skills
in the definition and use of a web scraper. Nevertheless, in this
section, we specifically focus on scraper definition, which
involves the novelty of this study and its evaluation.

Figure 1 depicts the overall concept (the details of each step
are presented in the following sections). First, we propose
a way to specify what we call the ‘‘PRISM spec’’, that
is, the specification of how to automate the UI interaction
required to perform a search on a particular web page, and the
specification of how information objects are composed using
information presented on the search result page or the website
specific to a resulting item. This is Step 1 in Figure 1, and
must be repeated for every target website. As a result of this
step, three PRISM specs, one per website, will be available.
Each of these is capable of retrieving information objects
under demand. During Step 2, users may compose different
specifications, which means that they may specify how, for
each result from one specification, others are executed to
retrieve further information. Combining these is done through
the properties of each specification, and we can establish
the relationships between them, either one-to-one or one-to-
many. Finally, in Step 3, the user sets how the output of the
scraper would be composed.

We developed a suite of tools to support all these activities.
On the one hand, we proposed in a previous work a PRISM
spec definition tool (supporting Step 1) and was reused in
this new approach to support the PRISM composition spec
tool (supporting Steps 2 and 3). These tools are delivered
together in a unique web extension. Our approach and tool
also support simpler scraping scenarios where information
objects are retrieved from different PRISM specs without any
integration, that is, simply putting them together in the output.

A. UNDERLYING ARCHITECTURE
Figure 2 depicts the PRISM’s architecture.

• Actor and system boundary
-- End user operates the system.
-- Everything runs inside thePRISM system (top box)

with a dedicated PRISM storage (bottom box).
• Main tools (top layer)
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FIGURE 2. PRISM architecture.

-- PRISM spec creation tool – creates the founda-
tional specifications (PRIM/PRISM specs).

-- (PRISM) specs composition tool – composes
higher-level specs from existing ones; enables
include/reuse of PRIM specs for modularity.

-- PRISM composition specs interpreter – exe-
cutes/interprets the composition specs to perform
the defined processes (e.g., scraping).

• Stored artifacts (bottom layer)
-- PRISM specs – base specs produced by the

creation tool.
-- PRISM composition specs – composed specs that

include PRISM specs.
-- Scraping results – outputs generated by running

the interpreter.
• Usage and creation flow (dashed lines)

-- The End user uses all the three tools.
-- Each tool uses storage to read existing artifacts and

creates new ones,
∗ Creation tool → PRISM specs.
∗ Composition tool → PRISM composition

specs (including PRIM specs).
∗ Interpreter → Scraping results.

• Key idea
-- The architecture cleanly separates base specifi-

cation authoring, composition/reuse, and execu-
tion, all backed by a common repository to ensure
traceability and versioning of specs and results.

IV. CREATING PRISM SPECS FOR SCRAPING
This section primarily focuses on the first dimension,
which involves obtaining information from websites using
a search engine. To achieve this, we enable users without
programming knowledge to create a PRISM spec for a
website by annotating the UI elements. We subsequently
employ these PRISM specs to address the second aspect of
our approach: the PRISM composition specs.

In this study we introduce the evolution of the tool
presented in [25] to automate web searches on websites.
We further developed it by, changing the scraping technique,

generating a newmethod of searching within DOM elements,
and changing the technology with which we request web
servers and retrieve responses. Additionally, the previously
used method and algorithm took several seconds to scrape
a site, and the user did not know whether it was working
on the scraping or not working correctly. We addressed
a new method and algorithm, that reduces this time by
50% compared with the previous implementation of our
PRISM spec tool. In addition, to reduce the time required to
generate the PRISM spec and decrease the likelihood of errors
occurring during the creation of the query service, we reduced
the number of steps required to generate the PRISM spec.
The main feature added to our previous tool is multilevel
scraping, which essentially allows the creation of scraping
cycles to enter the next level of a search, that is, for each
search result, the next level of each result can be automatically
scraped.

Now we are going to review the necessary steps to create a
PRISM spec.

• First, to create a scraping-based PRISM spec, the user
needs to access the website and perform a search using
the site’s search engine, as illustrated by an example
on the Springer website. Once the search results are
loaded, the next step is to open the web extension,
as shown in Figure 3(Step 1).

• This tool provides a menu for creating PRISM specs and
PRISM composition specs. In this scenario, we select
‘‘Services’’, as shown in Figure 3 (Step 2).

• The tool displays all defined PRISM specs and a button
to create a new service, as shown in Figure 3 (Step 3).
The user must click this button to create a new PRISM
spec for the current web site.

• Next, the tool asks for a name that serves as an identifier
for the PRISM spec, as shown in Figure 4 (Step 4).

• When clicking the ‘Next’ button, the tool searches for
DOM elements corresponding to the input fields on the
page and adds functionality to these elements, enabling
the user to select one of them, Figure 4 (Step 5). In this
way, our tool determineswhichDOMelement allows the
input of the search text. This will be useful for our tool
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FIGURE 3. Steps 1,2 and 3 for creating a PRISM spec.

FIGURE 4. Steps 4 and 5 for creating a PRISM spec.

to change the search text and execute new queries on the
PRISM spec.

• Continuing with the construction of the PRISM spec,
the tool performs a DOM search to find elements that
contain the results presented by the search engine. This
enables the user to select one of these elements and to
input the number of occurrences. The user also assigs
a semantic tag to the object displayed in the search
results. In this case, the object is named Articles with
20 occurrences, and the corresponding semantic tag is
assigned as an Article as shown in Figure 5 (Step 6).

• Finally, from a search container element, users can
choose the property they wish to abstract from DOM.
Once they have finished selecting all the properties,
as depicted in Figure 6 (Step 7).

• The construction of the PRISM spec is concluded,
as shown in Figure 6 (Step 8). It is worth mentioning
that our tool can also abstract the properties that may be
present on a subsequent page displayed upon selecting
an element from the search results.

V. COMBINING PRISM SPECS FOR CREATING SCRAPING
MODELS
To this point, whether a user possesses programming
knowledge or not, they can create a PRISM spec for
any website of interest that has a search engine. Now,

we will take a step further by addressing the PRISM
composition specs. The primary goal is to construct more
robust and intricate structures of information originating
from various sites without the need to write a single line
of code.

The PRISM composition specs is carried out through the
properties of objects, essentially linking one with another,
similar to an entity-relationship model. This composition can
be edited and configured according to the needs of the end-
user. All PRISM specs that the user intends to combine must
be constructed previously to initiate the composition process.
Once inside our tool, we accessed the section for PRISM
composition specs. The tool presents a menu containing
various options for managing composition, as illustrated in
Figure 7.
To create a new PRISM composition specs, one must

follow three steps: i) assign a name to the composition, ii)
design the combination, and iii) test the combination.

To illustrate this process clearly, let us create a combination
called ‘‘Investigation’’ using three PRISM specs: Springer,
DBLP, and Springer Nature Citation. In the combination
design, the tool displays the available PRISM specs in the
browser (Figure 8 displays the four PRISM specs available
within the browser: Springer, Nature, Google Scholar, and
DBLP), allowing the user to add them to a canvas where they
can be linked and configured.
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FIGURE 5. Steps 6 for creating a PRISM spec.

In this specific example, we initiated a search for articles on
Springer. For each article discovered in Springer, we further
searched for articles associated with the first author of that
article in the DBLP database, as illustrated in Figure 9. This
constituted the first combination.

In Addition, we will establish another combination of
Springer and DBLP. In this scenario, for each article retrieved
from Springer, we look for the corresponding number of
citations in Springer Nature Citation,as depicted in Figure 10.
Thus, we created a broader information relationship.

Finally, we executed searches within this composition and
observed the results from each search engine abstracted by
our tool, as depicted in Figure 13.
In Addition, we can configure scraping strategies, allowing

us to set up the result of each PRISM spec to be added directly
to the output JSON of the model, as shown in Figure 11.
Alternatively, we can enable the integration of PRISM specs,
resulting in a combined JSON output of the PRISM specs,
as illustrated in Figure 12.
This approach enables users to create specific and cus-

tomized PRISM composition specs to meet their research
needs efficiently.

A. UNDERLYING TECHNICAL ISSUES
Among the various technical aspects involved in retrieving
and parsing existing web content, two are particularly
important in our approach and tool: (i) managing website
upgrades that break DOM selectors, and (ii) handling
anti-scraping measures applied by websites.

Regarding the former, we have enhanced our previous
version of the tool for creating and executing PRISM specs

to support selector redundancy. That is, when a PRISM
spec is defined, for each DOM element selected by the
user via point-and-click, multiple selectors are stored to
increase resilience. However interesting studies have been
conducted on heuristics for automatic repairing selectors,
these approaches are mainly valuable in scenarios requiring
greater autonomy. In our end-user-driven approach, executed
in a web-browser context where the user is continually
interacting, if a website changes and the redundant selectors
are insufficient to keep the PRISM specs working, the tool
notifies the user and immediately prompts them to fix the
broken selector by selecting a new one via point-and-click.

Regarding the latter, avoiding CAPTCHAs and other
anti-scraping measures is crucial for any commercial tool
and relevant in this research as well. Nevertheless, even
though this paper focuses on proposing a visual programming
editor to create scraping composition models and assess its
usefulness for end users without programming skills, our
approach is advantageous in this regard for one key reason:
the tool operates directly in the user’s web browser. This
means that the requests sent to the web servers closely
resemble those generated by real user interactions with
the web application. In several examples, including the
experiment reported later in this paper, we did not encounter
this problem. Although our goal was to develop a research
prototype, rather than a commercial product, we foresee
strategies to mitigate these barriers when a scraping model is
executed. The first strategy aims to prevent CAPTCHAs from
appearing: the tool can be easily adapted to issue requests at
the same cadence as a typical user, and because the requests
are made from the user’s browser, it reduces the likelihood of
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FIGURE 6. Steps 7 and 8 for creating a PRISM spec.

FIGURE 7. PRISM composition spec.

triggering bot-detection mechanisms. A second strategy that
can be used when a website presents a CAPTCHA during
model execution leverages the browser context again: the tool
detects the CAPTCHA and asks the user to complete it so that
the process can continue.

VI. QUICK COMPARISON WITH TRADITIONAL WEB
SCRAPING
To compare our tool with traditional scraping, we used
Selenium, a Python library that has been used in various
publications on web scraping [26]. Our tools were developed
using JavaScript and function within the web browser as a
browser extension, whereas web scraping performed with
Selenium was performed with Python using execution scripts
in an existing programming environment, which inherently
makes it difficult for an end user to use selenium without
technical programming knowledge.

For this comparison, an author of this document with
18 years of programming experience recreated the example

from Section IV, where the following data were taken for the
generation of each of the search and integration services:

First, we analyzed the effort made to create a query service
on a scale of 1 to 5, where 1 is low effort and 5 is high effort.
To generate the Selenium script for the query service of the
DBLP site, the effort level would be 4, and for Springer and
Nature Citation, the effort level would be 5. In contrast, with
our tool, the effort required to generate services is between
one and two.

In terms of time, creating a service with Selenium for
the DBLP site took 45 min, and for the Springer and
Nature Citation sites, it took 60 min each, totalling 165 min.
In contrast, our tool required 10 min to generate all three
PRISM specs.

Let us now compare the efforts required to integrate
the query services of various websites using the previously
mentioned scale. For the Selenium script, it would be an effort
level of five, and for our tool, it would be a level of one.
In terms of time, integrating the three services took 50 min of
work, whereas with the use of our tool, it took only three min.

An interesting criterion to analyze is the time required to
execute queries in integrated services. In this regard, in tests
performed with the example from Section IV with Selenium,
a query on integration takes 10 min, whereas with our tool,
it takes no more than 10 s.

The complications encountered during the construction of
services with both selenium and our tool were confirmed as
accepting or rejecting the use of cookies, which increased
the time required to capture information from websites.
Additionally, both environments are sensitive to changes in
source websites; however, but the amount of effort required
for maintenance is much lower with our tool.

A. ANALYSIS OF IMPACT SCENARIOS ON SELENIUM AND
OUR APPROACH
This approach is highly effective across a wide range of
complexities because it is specifically designed to extract
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TABLE 1. Impact and maintenance effort in web scraping scripts.

TABLE 2. Comparison with web scraping tools.

content from dynamic websites. It focuses on the environ-
ments in which information is returned in response to a
search function. In Selenium has a medium-to-high degree
of complexity. The impacts of changes to websites or updates
to PRISM composition specs are reviewed in Table 1.

VII. EVALUATION
In this study, quantitative and qualitative analyses were
carried out to provide a comprehensive understanding of
the user experience with the tool. Combining both types of

data enabled triangulation and validation of the information,
contrasting usability metrics with subjective perceptions to
achieve a more robust analysis.

A. INSTRUMENTATION
A call for participation in the experiment was made to
undergraduate students enrolled in the B.S. Degree in
Electronics and B.S Degree in Nutrition and Dietetics, with
the selection criteria being students lacking programming
skills. The experiment was conducted in the computing

205036 VOLUME 13, 2025



A. Tacuri et al.: Web Scraping by End Users

FIGURE 8. The PRISM specs in the browser include Springer, Springer Nature Citation, Google Scholar, and DBLP. Three of these will be included in the
combination.

FIGURE 9. Creating a relationship within the Springer and DBLP PRISM
specs

FIGURE 10. Creating a relationship within the Springer and Nature PRISM
specs.

laboratory of the Faculty of Public Health at Polytechnic
School of Chimborazo, Ecuador. In this case, the independent
variable was the participants’ field of study, comprising

FIGURE 11. Direct output from the PRISM spec to the JSON response.

FIGURE 12. Combining results from multiple PRISM specs and returning
the integrated JSON response.

two groups: undergraduate students in Nutrition and in
Electronics.

Among the data collection instruments, a pre-experiment
survey was required to be filled out to gather demographic
information (age, self-identified gender, nationality, educa-
tional level, and occupation) and aspects related to technology
use, such as the frequency of web usage and familiarity with
browser extensions. In addition, the SUS questionnaire was
employed, a [30] standardized and widely recognized metric
for usability assessment, which allows comparison of the
results obtained with at benchmark score of 68 points.
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FIGURE 13. Results of the search conducted within the PRISM composition specs.

Then, a post-experiment survey was administered, which
included both the standardized SUS questionnaire items and
open-ended questions about the user experience with the
tool. The purpose of this post-experiment survey was to
identify and understand participants’ perceptions, highlight-
ing positive and negative aspects, as well as opportunities
for improvement of the tool. Open-ended responses were
analyzed through inductive thematic categorization, which
allowed for the identification of emerging patterns without
imposing predefined categories.

The computers used for the experiment had the same
specifications, including an Intel Core i7-12700 processor at
2.10 GHz, 16 GB RAM, and a 500 GB hard drive.

Upon entering the experiment, an introduction was given
to the activities. We observed and supervised the process.

The tools for measuring times, click numbers, and other
statistics were embedded within the same tools that stored
the data in the browser’s storage in the JSON format. After
the experiment, these data were extracted from computers
for the analyses presented below.

B. PARTICIPANTS
The tool is intended to be used by any user with or without
any sort of specialization. Therefore, we ran the experiment
with two types of subjects so that we could identify whether
their profile could affect tool adoption.

Fifty participants participated in the study. One sample
consisted of 16 undergraduate students from the Nutrition
and Dietetics group, while the other sample consisted of
34 undergraduate students from Electronics. Both groups
belonged to the Escuela Superior Politécnica de Chimborazo,
Ecuador. The gender and academic program distributions are
shown in Table 3.
It is important to note the gender composition of each

degree at the institutional level. In Electronics, the majority
of students were male (approximately 84.5%), whereas in
Nutrition, most students were female (approximately 76.7%).

These figures help explain the sex distribution observed
in our experimental samples for each group, where male
participants predominated in the Electronics sample and
female participants predominated in the Nutrition sample.

It should be noted that all participants took part voluntarily
and completed the same set of tasks under the same
experimental conditions. Both groups were categorized as
non-programmers, which makes them representative users
for evaluating the tool in contexts in which prior training in
computer science is required.

With regard to the decision to employ students from the
Nutrition and Electronics programs without a programming
background, this choice is supported by prior discussions
on the validity of using students in software engineering
experiments [31]. The literature emphasizes that what matters
most is not the academic status of participants but their expe-
rience in relation to the tasks under study. In our case, since
the goal was to examine usability perceptions among non-
programmer users, students without programming expertise
were considered an appropriate and representative sample of
the intended population.

C. GOAL AND HYPOTHESIS
The goal of this experiment was to assess its usability.
A system usability scale (SUS) was used for this purpose.

To evaluate whether there were statistically significant
differences between the SUS scores of the Nutrition and
Electronics student groups and the reference value of 68 on
the SUS scale, a one-sample t-test with a one-sided alternative
hypothesis (greater) was conducted. Because the variable
followed a normal distribution, the use of this parametric test
was considered appropriate. The following hypotheses were
established:

• H0 (Electronics): The mean SUS score of the electronics
student group equals the benchmark value of 68, i.e.,
µElectronics = 68.

205038 VOLUME 13, 2025



A. Tacuri et al.: Web Scraping by End Users

TABLE 3. Sample distribution by program and gender.

FIGURE 14. SUS scores obtained by the sample vs. average SUS score.

• H1 (Electronics): The mean SUS score of the electronics
student group is greater than the benchmark value of 68,
i.e., µElectronics > 68.

• H0 (Nutrition): The mean SUS score of the nutrition
student group equals the benchmark value of 68, i.e.,
µNutrition = 68.

• H1 (Nutrition): The mean SUS score of the nutrition
student group is greater than the benchmark value of 68,
i.e., µNutrition > 68.

Based on the one-sample t-test, it was observed that in
the Electronics student group, the mean SUS score was
significantly higher than the reference value of 68 (t(33) =

1.856, p = 0.036), leading to the rejection of the null
hypothesis. As shown in the boxplot 14, the mean score of
the Electronics students was 73.75, i.e., 5.75 points above
the benchmark.3 These results suggest that the Electronics
students perceived the tool as having usability superior to the
reference standard.

In the Nutrition group, the one-sample t-test did not show
a statistically significant difference from the reference value
(t(15) = 0.029, p = 0.489), so the null hypothesis could not
be rejected. This indicated that the scores of this group were
consistent with the reference values of 68. As illustrated in
the Graph 14, the mean SUS score of the Nutrition students
was 68.12, which is practically equal to the benchmark.

D. CORRELATION ANALYSIS
Cramér’s V analysis was conducted to evaluate the potential
associations between SUS score categories and participants’
gender in both groups. In the Nutrition group, most
participants were female (10 out of 16), whereas in the
Electronics group most were male (26 out of 34). Despite
these unbalanced distributions, the analysis did not reveal any
association between the SUS scores and sex in either group.
These preliminary findings suggest that, within the analyzed
samples, gender was not related to the perceived usability

3https://www.usability.gov/how-to-and-tools/methods/system-usability-
scale.html

of the system. It is worth noting that age homogeneity (all
participants were young) and the observed sex distribution
may limit the generalizability of this finding.

Considering the relevance of user diversity in under-
standing how individuals interact with systems and generate
content, future work should extend this analysis to broader
and more diverse populations, in line with recent discussions
in the literature [32], [33].

On the other hand, the correlation between the number
of clicks and task completion time was analyzed using
Spearman’s rank correlation coefficient (ρ), since the data did
not follow a normal distribution and a non-parametric method
was therefore more appropriate. Analyses were conducted
separately for each group. In the case of the Electronics
group, as shown in Figure 15, the results indicate that a
higher number of clicks per task corresponded to a longer
completion time for the students.

For example, the correlation value between the clicks in
Tasks 1 and 2 and the time required to complete them was
(ρ)=0.66, indicating a moderate to strong association.

The same situation can be observed between the clicks
performed during Tasks 3 and 4 and the time allocated
to these tasks. In this case, the correlation value is 0.74,
indicating a significant association between the two variables.
Regarding the correlation between the clicks made in tasks
5 and 6 and the time spent, we also found a moderate positive
relationship, with a value of (ρ)=0.67.
Finally, it is worth highlighting the correlation value

between the clicks executed in Task 7 and the time devoted
to this task, which was 0.8. Thus, similar to previous cases,
it represents a moderate to strong positive association.

Notably, the total time required to complete the tasks in
the experiment was positively correlated with the clicks made
throughout all activities. This implies that the total time
required increases as the number of clicks increases.

In the Nutrition group, the Spearman correlation analysis
between task completion time and the number of clicks
revealed similar strong associations between these variables.
As shown in the heatmap (Figure 16), the correlation
coefficient between Tasks 1 and 2 and the number of clicks
was (ρ)=0.86, indicating a strong relationship between both
variables. Similarly, the association between the number of
clicks and time for Tasks 3 and 4 was moderately high, with
a coefficient of 0.59.

Similar correlation patterns were observed in the other
tasks, with coefficients indicating high correlations between
these variables (0.82 for tasks 5 and 6, and 0.83 for task 7).
These values indicate that, overall, a longer completion time
is associated with a higher number of clicks.

E. QUALITATIVE ANALYSIS
1) PERFORMANCE ANALYSIS
A relevant dimension for understanding participants’ expe-
riences relates to their degree of continuity in completing
the tasks. As shown in Figure 17, in the Electronics group,

VOLUME 13, 2025 205039



A. Tacuri et al.: Web Scraping by End Users

FIGURE 15. Correlation between total clicks and task time. Electronic
group.

FIGURE 16. Correlation between total clicks and task time. Nutrition
group.

almost all the students (97%) completed the first six activities.
However, in the seventh task, the number of completions
dropped to 25 (73%), mainly because some participants chose
to leave sessions early because of academic commitment.
This suggests that the lower completion rate was not
associated with the difficulties inherent to the tool, but rather
with the external conditions of the experiment.

In the Nutrition group, participation remained more stable
across different activities, with an average completion rate
of 87.5%. It is worth noting that Tasks 3 (model generation)
and 4 (model search) were completed by all students, which
could indicate greater accessibility or a lower perceived level
of complexity in these activities.

Tasks one to six focused on the development of three
models with progressively higher complexity, determined
by the number of PRISM specs used. Analysis of the
results indicated that, even as task complexity increased, both
Nutrition and Electronics students did not have difficulties
completing them successfully.

FIGURE 17. Number of participants who completed each task by group.

2) USER’S FEEDBACK
In the post-experiment survey, in addition to usability
questions (SUS), open-ended questions were included to
explore and better understand participants’ perceptions of
the tool. The analysis of these responses showed that the
majority of students (55%) indicated that they would prefer
to use it for academic purposes, such as writing scientific
articles and theses. Another 30% stated that they would use
it for various everyday inquiries, while the remaining 15%
reported that they would use it for completing assignments
and coursework. It should be noted that, for all participants,
this was their first experience in a usability evaluation.

Among the main strengths, participants highlighted ease
of use, speed of obtaining results, and the usefulness of
integrating multiple source factors that reinforce the usability
scores previously presented. Some responses illustrate these
positive perceptions:

‘‘The ability to link search engines, edit relationships, and
create different models’’

‘‘It shows precise, fast, and necessary results’’
‘‘Easy to use, intuitive, very useful and functional’’
On the other hand, participants also reported weaknesses,

mainly related to technical issues (e.g., unresponsive buttons,
errors in zooming or information display), as well as
limitations of the interface, which in some cases was
described as ‘‘rigid’’ or ‘‘not very intuitive.’’ Regarding
possible improvements, several participants suggested the
inclusion of tutorials and preconfigured models, as reflected
in comments such as:

‘‘The user experience could be improved by incorporating
tutorials and preconfigured models, as well as optimizing the
visual design and system stability’’

‘‘The extension should be better explained to make its use
more user-friendly.’’

Taken together, these qualitative observations complement
the usability metrics: showing that the tool was perceived as
efficient, easy to use, and valuable for both academic and
everyday purposes, as also supported by an average SUS
score above the standard benchmark, while at the same time
highlighting the need for technical and design adjustments to
encourage broader adoption.
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F. THREATS TO VALIDITY
In this section, we address the main challenges to validity and
how we attempted to mitigate them during the design and
execution of the experiment. For this purpose, we used the
classification proposed by Wohlin [28].

1) CONCLUSION VALIDITY
In the context of the reported experiment, validity refers to
the relationship between the treatment and outcome, ensuring
that a statistical relationship exists with a certain level of
significance.

To avoid low statistical power, we worked with a total
sample of 50 participants, divided into two groups (16 from
Nutrition and Dietetics and 34 from Electronics), ensuring
adequate sample size and power. Additionally, to address
the threat of violated assumptions of statistical tests, the
one sample T test was used to compare the mean SUS
scores obtained by the participants with the average reference
value from this survey. Furthermore, additional statistical
analyseswere conducted to examine correlations (Cramer’s V
and Spearman correlation), after verifying the measurement
scales and probability distributions of all variables involved.

Regarding fishing and error rates, the experiment focused
on objective measures, and no data points were excluded
from the dataset to guarantee precise results. The reliability of
the measurements was ensured by collecting measurements
automatically to avoid errors that may occur during manual
data processing. Additionally, to maintain reliability in
treatment implementation, the experiment utilized documents
and questionnaires to ensure uniform execution of tasks
across participants.

An optimal experimental environment was provided for
random irrelevancies. Finally, participants with similar pro-
files and academic affiliations (undergraduate students in
Electronics and Nutrition at the Escuela Superior Politécnica
de Chimborazo, Ecuador) were selected to minimize the
threat of random heterogeneity.

2) INTERNAL VALIDITY
Threats to internal validity can influence the independent
variable regarding causality without the researcher’s knowl-
edge.

Because the experiment was conducted with a single
group, wewill only discuss the threats identified by the author
for this situation. First, regarding history, the experiment was
conducted on the same day of the week, without specific
events. To address the threat of maturation, the experiment
was designed to allow participants to complete successive
tasks within approximately an hour and a half, with the aim
of preventing any effects of fatigue or boredom.

Considering the single-group design and measurement of
participants’ performance across different tasks, the threat of
testing was minimized by planning tasks in a way that did
not promote unintended learning. It is worth mentioning that
participants had no prior experience with the tools used in the
experiment.

Regarding instrumentation, pre and post-experiment ques-
tionnaires and documents detailing each task were carefully
designed to be clear and understandable to the participants.
An introductory video of the PRISM specs was also provided.
Importantly, the participants were not involved in any of
the previous experiments conducted by the researchers, thus
reducing the risk of statistical regression.

For participant selection, undergraduate students in Elec-
tronics and Nutrition were selected, given that they constitute
a representative non-programmer population. Participation
in the study was voluntary. While working with volunteers
may introduce motivational bias, this threat was considered
when analyzing the effects of the independent variable on
the dependent variables. Finally, there were no dropouts in
participation (mortality), because all participants completed
the experiment on the same day and at the same location.

3) CONSTRUCT VALIDITY
Construct validity focuses on the relationship between
theory and observation, that is, the ability to generalize an
experiment’s results to the underlying concept or theory. This
type of threat pertains to social factors and experimental
design.

The experiment investigated the possibility of repurposing
web PRISM specs to create models that integrate information
retrieval. Participants’ performance was evaluated in seven
model creation and editing tasks. During these tasks, the
participants conducted searches within the models. There
were no indications that participants were more sensitive or
responsive to treatment; hence, no interaction between testing
and treatment was observed.

Furthermore, considering that all subjects participated in
all conditions and were not concurrently involved in a similar
study at the time of recruitment, the interaction of different
treatments would not pose a threat in this case.

To prevent participants from guessing the purpose of the
study (hypothesis guessing), they were not informed of the
research objectives or the hypotheses. Only general infor-
mation regarding the experiment was provided. In addition
to measuring the participants’ performance (task completion
time, number of tasks completed, and number of clicks),
an SUS survey was included to compare all measures used,
thereby avoiding mono-method bias.

4) EXTERNAL VALIDITY
Threats to external validity refer to the ability to generalize
experimental results, which are influenced by both the design
of the experiment and the selected subjects and objects.

As mentioned earlier, the experimental subjects were
undergraduate students in Electronics and Nutrition, aged
between 20 and 28 years, with similar experience using the
Internet and web search engines, making it a homogeneous
group The participants in both samples share a non-
programmer profile, which is relevant given that the evaluated
tool is intended for general-purpose use. Considering that
the subjects fall within a young age range, the results have
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TABLE 4. SUS values, age, and gender of participants.

limited generalizability and are primarily applicable to young
non-programmer populations. Therefore, the data could be
generalized beyond this study, but only to populations sharing
similar contexts and characteristics. To generalize the results
to a broader population, an experiment should be conducted
with new samples, including participants with different
profiles, such as industry employees or individuals from
various age ranges.

Regarding the threat of interaction between setting and
treatment, the experiment was conducted in a university
environment, which, while providing the necessary ele-
ments. Finally, the threat of the interaction of history and
treatment is not considered relevant because no events or

circumstances could have affected the results before or during
the experiment.

VIII. CONCLUSION AND FUTURE WORKS
The accessibility of vast amounts of data on the Web
underscores its significance and importance for end users
across diverse fields. However effectively harnessing these
data presents challenges that can be addressed through
approaches, such as web scraping.

The role of AI in modern web-scraping techniques cannot
be overlook. AI algorithms facilitate automated data extrac-
tion and offer a high accuracy and speed. Their adaptability
to dynamic web environments enhances the effectiveness
of scraping processes, thereby ensuring dependable results
for end users. However, the emphasis on controllability,
as discussed in the previous sections, sets apart the end-user
approach to web scraping. However, the end-user approach
for web scraping brings another benefit: a) customization,
which allows users to customize their scraping processes
according to their specific requirements, as they can define
the data fields they need, the websites to scrape, and the
frequency of scraping; b) ease of use: not everyone is familiar
with programming or AI-based techniques; and c) quick
deployment: for small-scale scraping tasks or one-time data
extraction needs, using an end-user tool can be quicker and
more convenient than developing custom AI solutions.

End users, empowered by AI tools and web browsers,
play a pivotal role in shaping the scraping process. They can
control parameters such as data selection criteria, extraction
methods, and frequency, ensuring precision and relevance in
data extraction. This level of control enhances the quality
of the extracted data and enables users to tailor scraping
processes to their specific needs and preferences beyond
professional use.

Furthermore, leveraging scraping techniques to develop
web extensions enhances user experience and interaction on
the web because scraped data may be used as input for other
tools to customize the online experience, access relevant
information, and effectively streamline workflows.

With the surfaced LLM-based tools that are appearing
nowadays, it is clear that end users may be required to use
them by ‘‘feeding’’ them using specific information that has
recently been collected or scraped from theweb. This is a very
interesting and convenient approach for web scraping that
works in a web browser because, at any moment, it can also
use the collected data as input In LLM-based applications,
defining interesting workflows for end users.

Therefore, in future work, we plan to use AI-based
techniques to support the specification of PRISM specs.
Although the ANDES tool has been proven to be suitable
for end users without programming skills, we are aware of
the benefits of using a more automated approach for PRISM
specs. In this sense we plan to use AI to make it easier for
the annotation process required to define the PRISM specs,
mainly by extracting a common metadata structure from web
search result pages, which would reduce the workload of the
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end user just to tasks related to maintaining the controllability
that our approach currently offers.

Similarly, we plan to incorporate AI uses to support
conversational interaction for composing models; that is,
to use conversational AI to compose models automatically as
a response to a user prompt based on natural language. The
main idea rests on the fact that having semi-structured natural
language specifications about both the PRISM specs and how
these PRISM specs are combined, it would be possible (by
using prompt engineering and pipelines) to transform end
users intents into specifications that stablish how to create the
composition model. With this in mind, it would be possible
to define composition models on the fly in response to end
user requirements such as ‘‘Search about ‘Web Scraping’
in Sringer and for each resulting article obtain the citation
amount from Google Scholar’’, something that could be used
to define the composition model or just for their direct use in
front of more volatile need about information scraping.

We are also designing tools for in-browser use of
scraped information to improve the overall user experience
while surfacing the web, improving navigation, and adding
concern-sensitive helpers. Additionally, future work will
extend this analysis to broader and more diverse populations,
considering the relevance of user diversity in understanding
how individuals interact with systems and generate content.
This aligns with recent discussions in the literature showing
that user characteristics such as gender and age can affect the
nature and dynamics of online content [32], [33]. Finally, new
experiments must be designed and implemented using these
approaches and tools.

APPENDIX
SUS SAMPLES
Next, the SUS values from the experiment are presented in
the Table 4.
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