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Abstract 
As generative artificial intelligence (AI) increasingly shapes the future of global 
education, top-down ed-tech frameworks face severe implementation hurdles in resource-
constrained settings. This paper evaluates the National Digital Education Architecture 
(NDEAR) in India, analyzing the tension between advanced software blueprints and rural 
infrastructure realities. While NDEAR's three-pillared digital architecture—Core 
Registries, Common Interfaces, and Reference Applications—successfully checks private 
corporate monopolies, its cloud-dependent model collides with severe regional 
bottlenecks. Drawing on UDISE+ data, we reveal deep disparities in power uptime and 
network access, alongside an intra-household gender digital divide driven by patriarchal 
social controls and a linguistic chasm inherent in English-centric language models. To 
resolve these systemic inequalities, we propose an alternative, democratic engineering 
blueprint: deploying compressed, quantized Large Language Models running locally on 
solar-buffered Edge-AI School Server Nodes, integrated with Project Bhashini's open-
source multilingual translation pipelines. By shifting digital access from private homes to 
community-governed village hubs under Gram Panchayat oversight, this framework 
transforms AI from a centralized corporate luxury into an equitable public good, offering 
a scalable model for democratic technological sovereignty across the Global South. 
Keywords: Edge Computing, Generative AI in Education, Digital Public Infrastructure 
(DPI), India Educational Policy, Socio-Technical Divide, Project Bhashini, NDEAR 
Architecture, UDISE+ Data, Intra-Household Gender Divide, Algorithmic Bias. 
2. Policy Context: The NEP 2020 Imperative and the Vision for Inclusivity 
Paragraph 23.1 of the National Education Policy 2020 (NEP 2020) establishes a crucial 
legal baseline: the relationship between technology and education in India must be strictly 
"bidirectional". This statutory directive means that technology should not simply be 
dropped into a classroom to force changes in teaching behavior. Instead, the actual 
pedagogical needs and physical constraints of the school environment must dictate how 
digital systems are designed. 
When commercial, top-down AI platforms are introduced into rural public schools, they 
directly violate this bidirectional mandate in several ways: 
 Unilateral Pedagogical Imposition: Proprietary systems often use rigid, pre-packaged 

software built for data-rich environments, forcing rural teachers to adapt to the software 
rather than the software adapting to local classroom realities. 

 Disregard for Infrastructure Realities: These applications assume a baseline of 
continuous cloud connectivity and high-speed data, ignoring the frequent load shedding 
and severe bandwidth limits of remote villages. 

 Linguistic Standardisation: Commercial models typically prioritize high-resource 
languages, pushing aside the unscheduled regional dialects spoken by first-generation 
learners. 

2.1 The Transition to NDEAR as a Digital Commons 
When a resource-constrained school falls into these corporate licensing traps, the 
financial consequences are severe. Fixed local budgets are inevitably siphoned away from 

https://themultijournal.com/
http://www.themultijournal.com


 
 
 
 
 
 
 
 
 
 
 

  ~08~ 

International Journal of Multidisciplinary Horizon/Volume 03/Issue 04/ July – August 2026 /Page No. 07-10                       https://themultijournal.com/ 
         

critical physical needs—such as mid-day meals, clean 
drinking water, and infrastructure repairs—to maintain 
digital software subscriptions. To break this cycle of tech-
induced resource starvation, the central government 
engineered the National Digital Education Architecture 
(NDEAR). NDEAR represents a fundamental shift in 
public software procurement by establishing an open, 
federated architectural blueprint rather than a closed 
application. Built upon 36 modular building blocks, 
NDEAR provides open APIs and shared registries that 
allow state education boards to develop custom, culturally 
relevant AI diagnostics. By relying on this open-source 
infrastructure, public institutions can scale personalized 
learning tools natively without paying recurring licensing 
fees to private technology firms, effectively reclaiming the 
digital educational commons. 
To prevent corporate monopolies from seizing control, 
NDEAR functions through three open, public layers: 
1. Core Registries: These secure directories manage the 
verified identity data of students, teachers, and schools, 
ensuring that public records cannot be locked behind 
private, corporate paywalls. 
2. Common Interfaces: By utilizing open APIs, this layer 
standardizes how curriculum and data flow, allowing local 
administrations to plug in or remove tools without 
breaking the wider system. 
3. Reference Applications: Open-source platforms like 
DIKSHA offer a comprehensive public baseline of content, 
forcing private vendors to innovate rather than 
overcharging for basic software access. 
Together, these pillars establish a sophisticated, open 
digital sandbox. However, this elegant software 
architecture assumes a baseline of physical infrastructure 
that is frequently absent in remote regions. The brilliant 
design of a decentralized, AI-ready curriculum blueprint 
ultimately collides with a harsher physical reality: a 
software protocol cannot run on a terminal that lacks 
electricity. 
3.Infrastructure Reality: The Socio-Technical 
Bottleneck 
The deployment of cloud-dependent AI tools in Indian 
school education frequently assumes a friction-free digital 
landscape that does not exist in the country's rural public 
school network. This macro-level infrastructural disparity 
becomes obvious when examining the Unified District 
Information System for Education Plus (UDISE+) data. 
While national connectivity averages suggest steady digital 
growth, a deep regional divide exists: 

 

These statistics reveal that "Rural India" is not a uniform 
space; instead, top-down cloud AI policies risk deeply 
polarizing educational outcomes between well-connected 
states and severely isolated regions like West Bengal or 
Meghalaya. 
When we move from these national numbers down to the 
daily reality of an individual rural classroom, this 
infrastructure gap transitions from a lack of connectivity 
into a pattern of physical hardware destruction. In rural 
environments, the electrical grid is plagued by frequent 
load shedding, sudden voltage drops, and intense power 
surges. Because cloud-reliant generative AI interfaces 
require continuous, stable network handshakes to function, 
even a micro-second drop in power drops the cellular 
router connection and wipes out a student's active 
conversational learning path. 
Furthermore, without proper voltage stabilizers or 
dedicated local maintenance budgets, a single sudden 
power surge can instantly fry the internal motherboard of a 
school's few functional computer terminals. Because local 
school administrators face strict bureaucratic penalties for 
damaged government property, they often respond to this 
physical volatility by locking the remaining hardware away 
in storage rooms. Consequently, the high-tech AI platform 
designed in urban policy hubs is reduced to a collection of 
broken circuits and locked monitors, widening the learning 
divide between the urban elite and the rural poor. 
4. Deconstructing the Democratic Deficit 
The deployment of educational technology does not occur 
in a structural vacuum; rather, it reflects the existing socio-
economic biases of the environment in which it is 
introduced. When ed-tech frameworks assume that 
personalized AI learning can simply continue at home via 
personal mobile devices, they run directly into a stark 
intra-household gender digital divide. In resource-
constrained rural households where ownership of an 
internet-enabled smartphone is limited to a single device, 
access is strictly governed by patriarchal social control 
operating under the guise of calculated economic survival. 
Because male children are traditionally viewed as the 
primary future financial anchors for aging parents, families 
routinely prioritize them for scarce device access, data 
usage, and evening study hours. Conversely, female 
children face a high opportunity cost for screen time, as 
patriarchal norms shift their responsibilities toward 
domestic labor and caregiving chores. This unequal 
distribution of technology transforms home-based AI 
tutoring into an active mechanism of gender exclusion, 
systematically locking young girls out of the digital 
learning commons. 
This structural divide is further widened by a deep 
linguistic algorithmic chasm when rural learners attempt to 
interact with generative AI interfaces. The barrier operates 
as a dual failure of acoustic processing and conceptual 
comprehension:
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 Acoustic Speech-to-Text Failure: Standard Natural 
Language Processing (NLP) models are optimized for 
mainstream, urbanized accents and formal language 
structures. When encountering the non-standard pronun-
ciation, unique cadences, and localized vocabularies of 
low-resource rural dialects, automated speech recognition 
systems frequently fail to parse the audio accurately, 
cutting off the interaction before learning can even begin. 

 Downstream Tokenization and Hallucination: Even if 
the audio is successfully digitized, the underlying Large 
Language Models (LLMs) suffer from severe data 
scarcity regarding rural idioms and cultural contexts. 
Because these models are trained predominantly on 
scraped internet text, they lack foundational data for 
regional sub-dialects. When forced to process a localized 
query, the algorithm often experiences errors in 
tokenization, leading to model hallucinations where the 
AI generates textually coherent but factually incorrect or 
pedagogically damaging educational responses. 

Consequently, the child is penalized twice: first for how 
they speak, and second by receiving inaccurate information 
that derails their learning. 
The final layer of this democratic deficit is the systematic 
undermining of local educators through a process of 
bureaucratic surveillance and de-skilling. When centralized 
policy frameworks position AI as an autonomous, self-
contained instructor, they inadvertently reduce the 
professional authority of rural teachers to that of mere 
hardware clerks and login monitors. This shift ignores a 
fundamental educational reality: 
 Erosion of Professional Agency: Treating educators as 

passive facilitators rather than active pedagogical experts 
alienates a teaching workforce that already faces limited 
training and heavy administrative burdens. 

 Destruction of the Emotional Safety Net: An algorithm 
cannot provide the empathy, shared cultural unders-
tanding, and direct encouragement that local teachers use 
to support first-generation learners. 

When technology replaces human mentorship, students 
lose the emotional security needed to navigate complex 
learning environments, proving that a purely algorithmic 
classroom lacks the human foundation necessary for true 
equity. 
5. Policy Reimagining: Architectural Blueprints for 
Democratic AI 
To systematically dismantle the acoustic and cognitive 
barriers faced by regional dialect speakers, public policy 
must leverage India's open-source Digital Public 
Infrastructure (DPI) by integrating Project Bhashini—the 
National Language Translation Mission managed by the 
Ministry of Electronics and IT (MeitY). Rather than 
treating natural language processing as a proprietary, 
cloud-hosted luxury, this alternative framework utilizes 
Bhashini as a localized Digital Public Good (DPG) to 
achieve true acoustic reconciliation. 

Project Bhashini provides a critical set of open APIs that 
transform how an AI system interacts with low-resource 
student speech: 
 Acoustic Localization via ASR: Bhashini’s Automatic 

Speech Recognition (ASR) models are trained 
specifically on diverse regional oral traditions and 
unscheduled dialects. This ensures that when a rural 
student speaks naturally, the system correctly parses their 
unique cadence and pronunciation, preventing the 
immediate text-literacy rejections common in standard 
systems. 

 The Multilingual Translation Pipeline: Once the 
speech is captured, the system routes the input through 
Machine Translation (MT) and Text-to-Speech (TTS) 
APIs. This creates a seamless, real-time loop: the student 
asks a question in their native dialect, the model maps the 
query to standardized educational benchmarks, and the 
system responds with natural audio in the student's 
mother tongue. 

By shifting the foundational interface from text to speech, 
this framework aligns directly with the "bidirectional" 
mandate of NEP 2020. It allows first-generation learners to 
engage in an active cognitive dialogue using the language 
they speak at home, effectively bridging the algorithmic 
chasm. 
To physically deploy these compressed models within 
infrastructure-starved regions, public policy must shift 
from cloud-reliant hardware to localized Edge-AI School 
Server Nodes. Instead of relying on distant data centers, 
each rural school is equipped with a low-power 
microcomputer—such as an NPU-enabled mini-server—
that hosts the quantized educational software directly on-
site. This server connects to a standard classroom Local 
Area Network (LAN) router, creating a localized intranet. 
Students can stream real-time voice lessons and interactive 
diagnostics to their terminals with zero latency and zero 
external data costs, completely bypassing rural cellular 
bandwidth shortages. To protect this digital ecosystem 
from the volatile rural grid, the server node is powered by a 
Solar-Buffered UPS System. A dedicated solar array 
charges a local lithium battery backup, filtering out 
hazardous voltage surges and ensuring continuous uptime 
during prolonged village load shedding. By anchoring the 
computational architecture within the physical school 
building, this blueprint transforms vulnerable classrooms 
into self-sustaining hubs of stable, equitable learning. 
To guarantee that these gender-exclusive windows are 
strictly maintained, the administrative architecture places 
enforcement directly under the purview of the Gram 
Panchayat (local village council) through a tripartite 
governance model: 
 Panchayat Oversight Committees: Each hub operates 

under a local oversight committee mandated to have at 
least 50% female representation, including local ASHA 
(community health) workers and members of women's 
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Self-Help Groups (SHGs). This committee holds the 
physical keys to the hub and monitors daily attendance 
logs. 

 Mandatory Digital Social Audits: To prevent elite 
capture or male encroachment during designated hours, 
the hub’s local server automatically generates 
anonymized, time-stamped usage logs. These logs are 
presented at bi-annual Gram Sabha (village assembly) 
meetings as a digital social audit, making compliance a 
public and political metric for local leaders. 

 Community Grievance Redressal: A localized, SMS-
based grievance system allows parents to directly report 
instances of unauthorized access or safety concerns to the 
Block Development Officer (BDO), ensuring adminis-
trative accountability outside the immediate village 
hierarchy.By embedding these protective rules into the 
existing civic fabric, the blueprint converts digital access 
from a negotiable domestic privilege into an enforceable 
public right. 

6.Conclusion: Toward a Democratic Digital Archi-
tecture 
The integration of generative AI into rural education stands 
at a critical crossroads. If policymakers and technology 
builders proceed with a default, cloud-reliant approach, 
they risk turning a powerful educational tool into a 
mechanism of exclusion. Without intervention, top-down 
software frameworks will inevitably drain limited local 
school budgets through corporate licensing traps, widen 
regional disparities due to underlying infrastructure 
bottlenecks, and deepen the intra-household gender digital 
divide. 
To avert this outcome, this paper proposes a structural shift 
toward a localized, open-source digital public infrast-
ructure (DPI): 
 For Policymakers: Public funding must move away 

from short-sighted proprietary software subscriptions and 
focus instead on building foundational, community-
governed assets like village AI hubs and solar-powered 
school networks. 

 For Technology Builders: Software design must reject 
cloud-dependency by default. True equity requires 
adopting compressed, edge-computed language models 
that respect local dialects and run entirely independent of 
a live internet connection. 

By uniting public accountability with decentralized engine-
ering, we can ensure that advanced educational technology 
serves as a democratic commons rather than a corporate 
luxury, providing a scalable blueprint for equity across the 
Global South. 
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