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In the contemporary digital landscape, web search functions as a pivotal conduit for information dissemination.
Nevertheless, blind users (BUs) encounter substantial barriers in leveraging online services, attributable to intrinsic
deficiencies in the information structure presented by online platforms. A critical analysis reveals that a
considerable segment of BUs perceive online service access as either challenging or unfeasible, with only a

fraction of search endeavors culminating successfully.

blind users web search information exploration

| 1. Introduction

In the contemporary digital age, web search engines have established themselves as critical access points for
online information, processing approximately 3.5 billion queries daily, a significant portion of which are centered on
exploratory information seeking W[, These exploratory sessions are characterized by users engaging with the
search engines with complex, divergent queries aimed at broad-based learning about intricate topics Bl This
interaction typically entails users inputting keyword-based queries and consulting a series of document snippets

presented in a linear list by the search engine, ranked according to their relevance to the query 2!,

This linear interaction paradigm has not been exempted from scholarly criticism, chiefly due to its convergence
tendency and a lack of alignment with the needs for diverse content exploration. The central issue lies in the fact
that the search results are indexed and optimized based on offline evaluative metrics like precision and recall,
which, while gauging relevance, fail to encapsulate subjective user satisfaction, particularly for blind users (BUs) &
1. Consequently, recent scholarly endeavors are channeling efforts towards the development of intuitive search

engines and evaluative metrics that integrate human-centric considerations 8,

Blindness is a visual impairment that affects individuals’ ability to perceive visual information, either partially or
entirely. As a significant portion of the population, the BUs face numerous challenges in today’s digital landscape.
Hence, web accessibility is becoming increasingly crucial to ensure that BUs can access online information
seamlessly. Understanding how BUs interact with the web is essential to fostering an online environment that
adapts to their diverse needs and allows them to fully participate in the digital world. In this context, exploring the
technologies that assist BUs to navigate the web effectively is becoming essential to foster an environment where

BUs can participate equally. The traditional interfaces present significant challenges for the BUs when interacting
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with the web. The subsequent subsections briefly discuss the BU information seeking on the web and the existing

accessibility technologies, along with the associated challenges.

| 2. BU Information Seeking

Information searching on the web is a challenging task for BUs [, This is due to the enormity of the information on
the web and the lack of appropriate navigational support for the BUs. On the contrary, the existing web search
engines, being the gateway to accessing information on the web, treat BUs similarly to sighted ones and offer no
special assistance in information searching and navigation [2. Hence, BUs are left at the discretion of navigational
support from third-party assistive tools. In such a scenario, the BUs are constrained to use assistive tools 29, such
as screen readers and talking software, JAWS, voice assistants, Braille, etc. The screen readers primarily convert
text into synthesized speech and use an automated voice to read out the content 1. Depending on the structure
of a document, the voice may provide structural speech, including headings, links, buttons, and text, allowing BUs
to navigate and interact with the information. JAWS (Job Access with Speech) is similar to screen readers with the
additional functionality of Braille displays, allowing blind users to access information in Braille format 12, The voice
assistants, such as Siri, Google Assistant, Alexa, etc., can help BUs with various web-related tasks, including

searching for information, setting reminders, or reading emails (131,

The BUs face a lack of assistive tools and applications. There is an immense need to develop systems that better
adapt to the BU’s needs and preferences [24l. While the third-party assistive tools provide an interface for accessing
the information, they are incapable of effectively rendering the information best suited to the BU’s cognitive
capabilities. As a result, studies indicate that BUs are hesitant to use assistance due to a lack of trust in such

systems.

| 3. BU Accessibility Standards

To overcome the structural difficulties of the content, various accessibility standards are introduced. Firstly, the Web
Content Accessibility Guidelines (WCAG) and Authoring Tool Accessibility Guidelines (ATAG) introduced by the
World Wide Web Consortium (W3C) provide guidelines and success criteria for making web content more
accessible. This includes adding alternate text, making information navigable without a mouse, and establishing
structured documents. Section 16 of the Rehabilitation Act requires 2! federal agencies to ensure that their
electronic and information technology is accessible by providing appropriate captions and means to skip duplicate
content. Accessible Rich Internet Applications (ARIA) ensure that the core navigational features are accessible to
the BUs, such as dropdown menus and tab panels, via screen readers (28, User Agent Accessibility Guidelines
(UAAG) from W3C focus on enabling assistive technology conformance with BUs by allowing them to adjust

preferences, such as speech rate and Braille display settings, to enhance their browsing experience.

However, studies report that these standards are often overlooked, and most websites do not implement these

guidelines 7. BUs express difficulty in navigating and finding the required information on the web. Moreover, a
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percentage of the BUs are over the age of 18 (8], |n this regard, there is an immediate need to explore a tool that
can structure the content information content that adopts the BU cognitive needs and allows them to explore the

information on the web effectively.

| 4. BU State-of-the-Art Tools

Roy et al. 29 developed a voice-activated email prototype, considering the cognitive needs of BUs. Their system
operated on three basic commands: send, read, and exit to compose the email, read the inbox, and exit the
program, respectively. Fayyaz et al. 29 devised an approach to reduce BU’s cognitive load by presenting the
summarized information in PDF tables. They used contextual information such as data types, captions, matching
sentences, etc., and devised a keyboard-based navigational menu for interaction. Bukhaya et al. 211, Nair et al. 22,
and Christopherson et al. 23 |everaged image processing techniques via deep learning to convert the visual
information into text for subsequent processing by a text reader. Tucket et al. 24 embedded Near Field

Connectivity (NFC) in academic pages preloaded with the speak command.

Zeboudj et al. 251 used the Pigeon algorithm to efficiently find relevant web pages and used resultantly retrieved
web documents as pseudo-relevance feedback from the initial query. Subsequently, they extracted keywords via
the Frequent Pattern Growth algorithm to determine the optimal query for reformulation. Figueroa-Gutiérrez et al.
[26] proposed an architecture considering image processing techniques to automatically extract graphs under an
image format, generating a description accessible to users with visual impairments. Meliones et al. 21 used the
augmented voice assistance of Alexa to allow elderly BUs to generate voice commands. The system maps the

request to relevant services on the web, retrieves the relevant documents, and speaks to the BUs.

However, the existing tools are concerned with enhancing the content for better accessibility by voice assistants.
The summarized literature is also presented in Table 1. A practical investigation to restructure the information

presentation mechanism for BUs considering their cognitive capabilities is yet to be undertaken.

Table 1. Summarizing the references, approaches, and limitations of the studies mentioned in the literature review.

Cited Approach Limitations
BUs f hallen lack of navigational . . e

81 SRS SO I D S f R Ul Reliance on third-party assistive tools
support

[19] U““.Z e e AU Tl Limited effectiveness of assistive tools
assistants

[19]

Voice-activated email prototype

Reduce cognitive load using summarized

Focused on a specific application (email)

Limited to information presented in tabular

[20]

information format

Leverage image processing to convert visual Relies on image recognition; may not cover all
[23]

information

content
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Cited Approach Limitations

[24] Embed Near Field Connectivity (NFC) for

. . Limited to specific contexts (academic pages
interaction p ( pages)

Pigeon algorithm for efficient web page retrieval Focused on improving search result relevancy
Image processing for automatic graph description  Limited to content with graphical elements

Voice assistance augmentation for BUs Primarily extends voice assistant functionality

| 5. Issues and Motivations

The Internet has become the most ubiquitous technology for seeking information online. Combined with easy
access to handheld devices and the ability of the web to interconnect immense amounts of information, the users’
information-seeking paradigm is now relying on online information-provider services such as search engines.
However, the literature has shown that 81% of Internet BU users still consider accessing online services difficult or
impossible 28, Among them, only 53% of BUs are reported to succeed in their navigation tasks on the web 29,
Hence, the web can then be a cause of exclusion for BUs. These difficulties may be explained by the inherent
shortcomings of online information providers. Notably, the information interaction of BU users with online
information providers is linear. This presents numerous shortcomings. The BUs has to determine the relevancy of
the information content sequentially, which is time-consuming. Subsequently, information seeking in a linear search
paradigm is cognitively challenging for BUs, which often results in information disorientation for BUs. Furthermore,
the effectiveness of a web service is determined solely by the offline empirical evaluation measures of precision

and recall, ignoring the behavioral and usability aspects of designing a search engine.
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