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Abstract—The digital divide is not only a matter of de-
vice ownership or connectivity; for millions of people
navigating disability, language barriers, or unreliable
networks, the modern web remains a maze of locked
doors. Static accessibility, manual fixes to individual
websites, cannot keep pace. Recent studies find that
94.8% of home pages fail basic accessibility standards,
with an average of 51 distinct errors per page. This
paper argues that Al agents can act as a Universal Mid-
dleware: an architectural layer that decouples the user
from hostile, complex web content and adapts inter-
face and content to the user’s context. We trace three
barriers that this middleware must address. First, the
machine barrier: the web was built for human visual
consumption; CAPTCHAs, anti-bot measures, and
heavy JavaScript block automation. Adopting agentic
standards such as LLM-LD, which expose semantic
structure to agents, is a prerequisite. Second, the hu-
man barrier: agents can serve as visual interpreters
(via DOM distillation), voice-first interfaces that by-
pass literacy demands, and universal translators for
under-resourced languages. Third, the economic bar-
rier: offloading parsing and rendering to the cloud
revives the thin-client model, reducing data use and
extending the life of older devices. We also consider
ethical risks: algorithmic bias, cultural erasure, and
opacity in agentic decision-making. We argue that the
middleware should be framed as a temporary bridge
to inclusion, supported as public digital infrastructure
while the long-term goal remains universal design.

Index Terms—Al agents, digital equity, accessibility,
universal design, middleware

I. INTRODUCTION: THE MIDDLEWARE THESIS

Imagine a user with limited vision attempting to apply for
public benefits online. The page loads slowly on an aging
phone connected to an unstable network. Form fields lack
labels. Buttons are embedded in layers of JavaScript. A
CAPTCHA demands that the user identify images of buses.

For millions of people navigating disability, language barri-
ers, or unreliable connectivity, the modern web is less a
public utility than a maze of locked doors. Al agents offer a
different possibility: a software intermediary that reads the
page, interprets its structure, and presents only the essential
information through voice or simplified text.

As a student of Computer Science, Mathematics, and Data
Science at the University of Chicago, I am trained to see
the world in layers. Data structures, algorithms, and inter-
faces connect human intention to machine execution. This
interdisciplinary perspective is central to understanding the
middleware thesis. My coursework in data science reveals
that information flow is fundamentally about encoding and
access: who can parse the data, and what gets lost in trans-
lation. Concurrently, studying human-computer interaction
highlights the necessity of designing systems that serve the
full spectrum of human abilities. Viewing both the technical
substrate and its human impact has led me to a conviction.
The digital divide is not merely about device ownership,
but about who can actually use the web once they reach
it. Together, these disciplines expose a sobering reality. The
internet, for all its promise, remains a gatekeeper. Static
accessibility has failed.

Al agents are not merely chatbots; they are a Universal
Middleware, an architectural layer that decouples the human
interface from digital content. In the words of IBM, an arti-
ficial intelligence (AI) agent is “a system that autonomously
performs tasks by designing workflows with available
tools” [1]. This definition points to something deeper: agents
sit between the user and the hostile, complex web, translat-
ing and simplifying. They are the bridge that can bypass
human barriers (literacy, language, disability) and economic
barriers (bandwidth, hardware), provided we solve machine
barriers via simple standards. The Universal Middleware
thesis is simple. Al agents can act as a dynamic translation
layer, adapting content and interface to the user’s context.
In doing so, they ensure that “all people are included in a
state’s economic system” [2, p. 2]. In the sections that follow,
I first outline the systemic standards we must adopt, then
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trace how this architecture addresses human and economic
barriers. I then consider the ethical shadows and the prag-
matic case for the agent as a temporary bridge to equity.

II. THE MACHINE BARRIER: REARCHITECTING FOR
AGENTIC ACCESS

Solving the machine barrier is simpler than manual static
accessibility; it is a systemic prerequisite. We, including
standards bodies, governments, and major tech platforms,
must adopt standards and reduce hostility to agents so that
the universal middleware can function. Adopting these stan-
dards is the foundational step that enables the Al future.

A. The Hostile Web: CAPTCHAs and Complexity

The web was built for humans looking at screens, not agents
parsing structure. CAPTCHAs, anti-bot measures, and com-
plex JavaScript create a hostile environment that blocks
automation, and thus any agent acting on behalf of a user.
For example, a CAPTCHA that requires selecting images of
buses prevents an automated accessibility agent from acting
on behalf of a blind user. As the Agent-E team notes, “web-
sites are primarily designed for human visual consumption,”
and “Complex widgets, such as date selectors, are easy for
humans to operate but pose difficulties for agents” [3, p. 2].
Without reducing this hostility, the bridge cannot be built.

B. Standardizing the Agentic Layer: From HTML to LLM-LD

HTML encodes presentation (layout, styling, scripts) for hu-
man eyes; it was never built for agents to parse. A new layer
is emerging, one that exposes semantic structure directly so
Al agents can read web content without reverse-engineering
layout. Standards such as LLM-LD, a recently published
open standard, formalize this approach, explicitly marking
intent and available actions [4]. Consider the difference in
practice. A government benefits page is a maze of nested
containers, invisible labels, and date pickers that only func-
tion via complex JavaScript. An agent navigating this hostile
page must guess which elements are form fields, often failing
and leaving the user stranded. An agent-readable page, by
contrast, exposes a structured representation that explicitly
required fields,” and the “submit

»

tags “eligibility criteria,
action.”

This allows the agent to reliably navigate and fill the
form on behalf of a user relying on a voice interface or a
low-bandwidth connection. The idea resembles standardized
shipping containers, which transformed global trade. Work
on the Internet of Agents explores fundamentals, applica-
tions, and challenges for a world where agents are first-class
users of the web [5]. Measuring success cannot be only about

benchmarks; it must be about “exploring equity of Internet
experience across multiple dimensions” [6, p. 9]. Standard-
ization is how we clear the path for the agent layer.

C. The Risk of Data Monoculture

If only well-resourced, agent-friendly sites are easily in-
dexed, the datasets that train Al will reflect a narrow slice of
humanity. Civil society reports on Al and the Global South
highlight the risk of data monoculture if we fail to act, em-
phasizing the need for inclusive participation in Al decision-
making [7]. Ensuring diverse, agent-accessible content is
necessary for both equitable middleware and representative
Al There is a “consistent gap between legal requirements
and socioeconomic optimization” [2, p. 3]. Closing that gap
requires both technical standards, so that diverse sites are
agent-accessible, and a commitment to ensuring that the
middleware serves diverse communities.

III. THE HUMAN BARRIER: DECOUPLING INTERFACE
FROM CONTENT

A. The Failure of Static Accessibility

Static accessibility, manual fixes to individual websites, can-
not keep pace with the scale of the web. Across the one
million home pages evaluated in the most recent WebAIM
study, “50,960,288 distinct accessibility errors were detected,
an average of 51 errors per page”, and “94.8% of home pages
had detected WCAG (Web Content Accessibility Guidelines)
2 failures” [8], where a failure denotes a violation of a
testable criterion, such as missing form labels or insufficient
color contrast. For millions of users, whether relying on
screen readers, navigating with cognitive disabilities, or
struggling with dominant languages, these 51 errors per
page are not mere inconveniences; they are locked doors that
exclude them from vital services.

Design for inclusion, however, has historically lagged
behind. As Pérez and Johnston observe, “many technologies
we take for granted today, from captioning to audiobooks
and text translated into speech, were created because of the
lived experience of people with disabilities” [9, p. 5]. These
innovations illustrate the curb-cut effect, where solutions
designed for one population ultimately benefit everyone,
while the absence of such design leaves individuals “penal-
ized financially for inaccessibility” and forced to rely on
costly, inefficient workarounds [2, p. 2]. Yet relying on every
site owner to retrofit their pages has left the majority of
the web behind. This intermediary does not wait for every
publisher to comply, a process that has proven too slow and
piecemeal. Instead, it interprets the page as it exists and
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presents an accessible version to the user, offering a scale
solution for a web-scale problem.

B. The Visual Interpreter: Agents as Eyes

For users who are blind or have low vision, the web is a forest
of layout and visuals. Agents can act as eyes by interpreting
the page and presenting a distilled version. This process is
akin to taking a complex map and turning it into a simple
set of directions, stripping away visual clutter to expose
only the structure and actions a user or an assistive system
needs. The agent first strips a webpage down to its structural
skeleton; an approach researchers call DOM distillation. The
Document Object Model (DOM) is the underlying structural
blueprint that web browsers use to construct a page; distil-
lation involves parsing this heavy HTML into a minimal,
clean structure.

In Agent-E, a state-of-the-art web agent, “the planner
agent is insulated from the overwhelming and noisy details
of the website and DOM” [3, p. 3]. By stripping away this
noise using the browser’s accessibility tree, the structured
representation of the page that assistive technologies use
to navigate content, the agent reduces cognitive load and
exposes a simplified HTML structure directly to assistive
technologies. Projects like A2UI extend this idea by letting
agents generate dynamic interfaces, sending the “UlI spec as
a sequence of messages” directly to the client [10]. The agent
becomes the visual interpreter. It reads the hostile DOM and
speaks a clearer, structurally sound language to the user.

C. The Literacy Bypass: Voice as the Primary Interface

For billions with low or no literacy in the language of a
given site, text-heavy interfaces are a barrier. Voice-first and
agentic interfaces can bypass that barrier. The user speaks or
gives simple instructions; the agent navigates forms, reads
dense text, and returns answers in plain language. Research
on agentic artificial intelligence for low-resource languages
shows that agents can mediate between the user’s spoken or
simple input and the complexity of online services [11]. By
automatically extracting the necessary fields from a complex
government form and prompting the user verbally for just
the essential information, the agent handles the literacy
demand on the user’s behalf. It acts as the primary interface,
shielding the user from bureaucratic jargon and dense lay-
outs. This is not a replacement for education or language
rights; it is a temporary bridge making critical information
accessible today:.

D. The Universal Translator: Bridging the Linguistic Divide

Unicode proved that technical fragmentation could be
solved through a “unique, unified, universal” framework,

creating an encoding system that “exists solely to support
the various processes that act upon text” [12, p. 3]. Today,
Al agents are the active layer that utilizes this encoding to
deliver true cross-language access, transforming static text
into dynamic, multilingual dialogue.

The next step is to support the process of access
across languages. Initiatives such as Masakhane [13] and
MENYO-20k [14] advance machine translation and corpora
for under-resourced African languages. By providing the
foundational data required to train localized models, these
efforts enable agents to summarize, translate, or simplify
content directly in the user’s native tongue. They extend that
universal layer, acting as the translator between the global
web and the local user, with the translation layer functioning
as a linguistic bridge.

IV. THE EcoNoMIC BARRIER: THE AGENT AS THE
COMPUTER

A. Digital Inequity in the Global South and the Urban Core

Access is not only about connectivity; it is about adoption
and affordability. In Chicago, “Broadband adoption varies
between 58-93% across community areas” [15, p. 1]. This
massive spread indicates that a significant portion of the
urban population remains cut off from essential digital infra-
structure. Research shows that “income can affect the ability
to get a broadband connection” and that education shapes
the “perceived utility of the Internet” [15, p. 8]. In least de-
veloped, landlocked, and small island nations, the economic
impact of broadband is well documented [16]. Where devices
are old and bandwidth is scarce, the traditional model of
shipping heavy web pages to local browsers fails entirely.
Here, the agent can shift work to the cloud. The user’s
device becomes a thin client, a simple interface that mainly
displays output and sends input using low-bandwidth text
or voice, while the agent does the heavy lifting of rendering
and parsing in the datacenter.

B. The Renaissance of the “Thin Client”

Offloading processing to remote agents revives the thin
client idea. Digitally accessible services and universal design
ensure “that all people are included in a state’s economic
system” [2, p. 2]. When the agent fetches, parses, and sum-
marizes a page, the user’s device need not render bloated
DOMs or run heavy JavaScript. Because running Al models
in the cloud incurs compute costs, leaving this layer entirely
to the free market could replace a technical barrier with a
financial one for low-income users. Therefore, this deploy-
ment model must be supported by governments or NGOs
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and provided as public digital infrastructure. For govern-
ments and organizations, investing in such architectures is a
“strategic opportunity for economic development” and more
efficient service delivery [2, p. 2]. This model fits the picture
of sustainable computing. As Al diffusion in low-resource
language countries accelerates [17], shifting the processing
burden to the cloud extends the life of older devices and
lowers the cost of participation in the digital economy.

C. Efficiency in Scarcity: Agent-Based Data Reduction

In regions where connectivity is expensive or unstable,
every byte counts. Reports on the economic impact of dis-
ruptions to Internet connectivity underscore how critical
resilience and efficiency are [18]. Equity in internet experi-
ence is not only about raw speed. Latency, loss, and stability
vary by geography and income. Studies that compare neigh-
borhoods find stark disparities: for instance, “the median
loss rate for South Shore is 0.54%, while that of Logan Square
is 0.012%” [6, p. 9]. In communities facing high loss rates
and fragile connections, attempting to load a modern, multi-
megabyte website is an exercise in frustration. The authors
note that existing performance metrics often fail to capture
the reality of these marginalized populations [6, p. 1]. Agent-
based distillation directly addresses this scarcity by extract-
ing only the essential text and functionality, dramatically
reducing data use. This functions as a form of bandwidth
hygiene, ensuring that even the most fragile connections can
successfully retrieve the necessary information.

V. ETHICAL IMPLICATIONS: THE SHADOW OF THE
AGENT

A. Algorithmic Bias and Cultural Erasure

When agents mediate access, they also mediate representa-
tion. Models trained on skewed data can perpetuate bias.
Low-resource languages and dialects are especially at risk.
Work on voices unheard, such as resources and models for
regional dialects, underscores how easily marginalized vari-
eties are erased from both data and interfaces [19]. Because a
single agentic model may serve millions, training biases are
amplified, forcing users to adapt to the machine’s expecta-
tions. Regional dialects face the highest risk of this cultural
flattening. Making the bridge equitable requires inclusive
data and participatory design: communities depending on
this middleware must shape its boundaries.

B. The Transparency Gap in Agentic Decision-Making

Agents make choices: what to show, how to summarize,
which link to follow. Those choices can be opaque. The
UNESCO Recommendation on the Ethics of Artificial Intel-

ligence stresses transparency, accountability, and human
oversight [20]. Similarly, analyses highlight the black-box
problem and the need for transparency in agentic decision-
making [21]. Consider a user accessing government services
through an agent translating into an under-resourced lan-
guage, such as those supported by Masakhane [13]. A
mistranslation or an over-aggressive summarization could
easily misstate eligibility criteria, omit a critical deadline,
or drop a required document field from a spoken prompt.
Because the user cannot easily verify the agent’s output
against the original hostile web page, these errors can lead
to rejected applications and lost benefits. This opacity is
especially concerning given the nature of the temporary
bridge: vulnerable users are asked to trust an intermediary
system whose internal logic they cannot inspect or verify.
Without robust transparency, the intermediary system risks
replacing one barrier, an inaccessible website, with another,
an unaccountable gatekeeper.

VI. THE NATURE OF THE SOLUTION: PRAGMATISM
vS. PERFECTION

A. The “Handmade” Ideal vs. the Scale of Exclusion

The ideal remains a web where every site is natively acces-
sible, multilingual, and lightweight. That ideal is not yet
reality. The curb-cut effect reminds us that “solutions created
for one target population provide universal benefits” [2, p. 2].
Furthermore, “Digitally accessible platforms and universal
design standards create solutions that work for PWDs but
also improve usability for every constituent” [2, p. 2]. There
is an inescapable tension between this handmade, structural
ideal and the sheer scale of modern exclusion, where 94.8%
of home pages currently fail basic accessibility standards.
Universal design is the ultimate goal, but waiting for mil-
lions of independent developers to retrofit their sites leaves
marginalized users stranded today. Until the scale of the
web matches that ideal, agentic middleware is the pragmatic
bridge we must build.

B. Objections to Agentic Mediation

Critics may argue that Al middleware lets developers off
the hook for native accessibility. However, acknowledging
agents as a temporary bridge maintains the pressure for uni-
versal design without leaving users stranded today. Others
warn that agentic infrastructure creates dependencies on
tech companies. This underscores why middleware must
be supported as public digital infrastructure rather than a
private gatekeeper. Finally, while skeptics question if agents
can handle the web’s full complexity, emerging standards
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like LLM-LD are making the web machine-readable, closing
this technical gap.

C. The Temporary Bridge: Al as a Human Right

UNESCO’s framework supports the view that access to the
benefits of Al should be aligned with human rights and
inclusion. Ensuring equitable access to digital services is
both an economic and a moral imperative [20]. Calling the
middleware a “temporary bridge” is a deliberate framing.
It acknowledges that Al translation layers are a stopgap
measure, providing essential inclusion today while our long-
term efforts remain focused on native structural change. The
bridge does not replace the ideal of universal design; rather,
it makes digital equity possible in the present while we do
the hard work of rearchitecting the web for the future. The
temporary bridge is the pragmatic path to digital equity
while we work toward structural change.

VII. CoNcLUSION: TOWARD AN AGENTIC ARCHI-
TECTURE FOR EQUITY

Al agents, acting as a universal middleware layer, have the
potential to decouple the user from the hostile web and
align digital participation with true economic and social
inclusion. Just as the browser once separated users from
raw HTML, Al agents may become the next interface layer
between humans and the increasingly complex web. Realiz-
ing this architecture depends on adopting agentic standards.
The machine barrier is not one the middleware solves, but
a simpler policy issue we must solve so the middleware
can function. Furthermore, deploying these agents ethically
requires strict transparency, accountability, and attention to
algorithmic bias.

Looking into the next decade, widespread agent adoption
could make agent-mediated access the default for essen-
tial services. Voice and simplified interfaces may become
as common as traditional browsers. However, this future
requires vigilance: regulatory frameworks must evolve to
mandate agent-readable public sites and oversee algorithmic
transparency. If we successfully adopt agentic standards and
invest in public middleware infrastructure, we can ensure
that language, disability, and income no longer dictate digital
citizenship. By treating agents as essential public infrastruc-
ture, we assert our digital rights. This middleware is the
necessary next layer of the stack, finally making the web
readable, usable, and equitable for all.
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