Wable Sarthak Sandip, 2026, 14:5 International Journal of Science,

ISSN (Online): 2348-4098 Engineering and Technology
ISSN (Print): 2395-4752 An Open Access Journal

Remote Classrooms for Rural Colleges:
A Comprehensive Review of Delivery Approaches,
Low-Bandwidth Techniques, Empirical Evidence,
and Deployment Challenges

Wable Sarthak Sandip’, Prof. A. P. Banger?, Prof. S. B. Bhosale?, Prof. V. A. Karad*

Research Scholar', Professor®3#
Dept. of Computer Engineering
Jaihind College of Engineering, Kuran, Maharashtra, India

Abstract- Rural colleges often have too few subject-expert teachers, limited laboratories and few specialised
courses, and an unreliable, low-bandwidth internet connection makes standard video teaching hard to keep
running. This paper is a focused narrative review that brings together five studies of remote and distance
classrooms in rural and developing-world settings: a low-bandwidth virtual classroom assembled from Google
Docs and Skype (IEEE, 2010); IIT Bombay's distance education through satellite, video conferencing and webcast
(IEEE Frontiers in Education, 2008); live classroom sharing between urban and rural schools in Karnataka (IATED,
2013); the Digital StudyHall project on facilitated video instruction in rural India (ICTD, 2010); and video
conferencing over analogue telephone lines for rural technology education in South Africa (ASEE). The review
looks at three linked themes: how lessons are delivered and how bandwidth is managed, how strong and how
comparable the reported evidence is, and what matters when these ideas are carried over into the proposed
Remote Classroom system. None of the five studies could be read in full, so each was assessed from its abstract,
catalogue record or partial text excerpt. The only quantitative results available come from a perception survey in
the classroom-sharing study: 92% of respondents agreed that urban and rural schooling differ in quality, 92% of
rural schools were willing to take part, and 82% believed that classroom sharing would help rural students if it
were done well. These numbers capture attitudes, not learning outcomes. In the material accessed, none of the
studies deals with adaptive bitrate streaming, H.265/AV1 compression, audio-first prioritisation, edge caching or
cloud and loT infrastructure. The review offers a comparative table, a conceptual architecture for the proposed
system (not experimentally validated), and a ranked list of research gaps.
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This review grows out of a Remote Classroom
I. INTRODUCTION project for rural colleges. As described in the
technical seminar synopsis, the system has three
parts: an Expert Faculty Hub, which is a central
studio with interactive whiteboards and multi-
angle cameras; a cloud streaming platform that
uses Adaptive Bitrate Streaming (ABS) to follow
changing network speeds; and edge nodes at the
rural colleges (projectors, smart screens and audio
equipment) that decode and show the stream.

Good-quality higher education is still unevenly
available across India. Rural colleges often do
without  subject-expert  faculty, up-to-date
laboratories and the specialised courses found in
city institutions, and many rural students end up
moving to cities to study. A remote classroom
links rural students with expert teachers and
learning  resources  through live  video
conferencing, digital content and interactive tools,
so that students do not have to relocate.

On top of this it proposes low-bandwidth
optimisation using H.265/AV1 codecs with audio-
first prioritisation, an interactive feedback channel
with two-way audio and video, digital hand
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raising and live Q&A, and offline caching and
recording at the rural node to cover network
outages. The stated goals are to narrow
educational inequality and reduce student
migration, to raise engagement and academic
performance, and to allow low-cost, scalable
growth. The challenges it identifies are low-
bandwidth, high-latency networks, the absence of
real-time two-way interaction in many remote
setups, and the high price of specialised hardware.
Any technology meant for this setting therefore
has to do two things: deliver usable teaching over
poor networks, and keep students and teachers
actively interacting.

This paper examines five studies covering a low-
bandwidth virtual classroom [1], a national
programme of expert-faculty distance teaching
[2], live classroom sharing between urban and
rural schools [3], facilitated video instruction for
rural schools [4] and video conferencing over
telephone lines [5]. Three questions shape the
review. RQ1: Which delivery approaches and
bandwidth strategies do the studies use? RQ2:
What results do they report, and how dependable
is the evidence? RQ3: What do they suggest for
the proposed Remote Classroom system? The
paper closes with a comparative table, a
conceptual architecture and a list of research gaps.

Il. REVIEW METHODOLOGY

This is a narrative review of five papers rather than
a systematic database search, so it does not claim
to cover the field exhaustively. The papers were
located through a web search for work from IEEE
and other reputable venues on remote classrooms
and low-bandwidth rural education. Two come
from IEEE [1], [2], and three from other reputable
venues: the IATED international conference [3], the
ICTD conference [4] and an ASEE conference [5].
From each paper, the aim, method, setting,
reported results and stated limitations were pulled
out and compared.

The depth of access varied, and it is stated openly
so that no claim is stretched too far. None of the
five papers was read in full. Papers [1], [2] and [3]

were assessed from abstracts and bibliographic
records, and papers [4] and [5] from partial text
excerpts of their public PDFs. Where these sources
do not give details such as sample sizes, bitrates,
hardware specifications or limitations, the text
says “not reported in the accessed material”
instead of guessing. Every figure quoted is as
reported by the original authors. Since none of the
studies, in the material accessed, evaluates cloud
delivery, ABS or modern codecs, any conclusions
about those parts of the proposed system are
inferences and are marked as such.

I1l. TECHNICAL FOUNDATIONS

Delivery modes

The five studies take five different routes to
delivery. IIT Bombay offers its own courses live
and free of charge through satellite, video
conferencing and webcast, with video on demand
and the Moodle learning management system as
optional extras [2]. The classroom-sharing
application joins a provider classroom to a
receiver classroom over wired-wireless networks
with two-way video conferencing [3].

The Google Docs and Skype classroom shifts
content into shared documents and relies on
Skype for communication, since the real-time,
high-rate audio and video of most ready-made
virtual classrooms are not practical when
bandwidth is limited [1]. Digital StudyHall relies on
facilitated video instruction, where local teachers
guide rural primary-school pupils through video
of strong classroom teaching [4]. The South
African study uses video conferencing over
ordinary analogue telephone lines so that rural
students can watch, and take part in, remote
machining demonstrations [5].

These modes differ in a way that is relevant to the
proposed system. Broadcast and mediated-video
approaches [2], [4] are largely one-way or depend
on a teacher in the room, while [3] and [5] offer
real-time two-way links. Because the synopsis calls
for real-time two-way interaction, [3] is the nearest
delivery model.
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Bandwidth strategies

The studies cope with limited bandwidth through
design decisions rather than by adapting the
stream. Study [1] moves heavy content out of the
video stream. Study [5] works inside a very narrow
telephone-line channel using inexpensive capture
hardware. Study [2] spreads delivery over several
channels, including satellite, so that no single
terrestrial link is relied upon. Study [3] depends on
wired-wireless networks, and [4] lessens the need
for a live connection by using locally mediated
video. In the accessed material for all five, there is
no mention of adaptive bitrate streaming, H.265
or AV1 codecs, audio-first prioritisation or local
caching at the receiving site. Those techniques
come from the proposed system's own design and
are not assessed in the reviewed work.

Evaluation measures

The studies rely on different kinds of evidence.
Study [3] uses a perception survey reporting
agreement percentages, along with a control
classroom from another government school. Study
[1] considers whether its combination of tools
gives enough functionality for its teaching context.
Study [2] is a descriptive account of a programme,
and its record mentions enthusiastic backing from
[IT Bombay students, staff and faculty. Study [5] is
a technical description of an implementation.
Study [4] has an evaluation in its title, yet its
measures do not appear in the excerpt that was
accessed. None of the accessed material reports
bitrate, latency, packet loss, session drops or
measured learning gains, so the measures cannot
be swapped for one another.

IV. SYSTEMS AND ELEMENTS

Systems compared in the reviewed papers

Thinyane et al. put together Google Docs and
Skype to form a low-bandwidth virtual classroom
for developing countries [1]. Moudgalya et al.
describe how IIT Bombay transmits its courses live
and free by satellite, video conference and
webcast, with video on demand and Moodle as
added modes, together with a distance
postgraduate diploma (PGDIIT) and an overview of
the national NPTEL programme [2]. The

classroom-sharing study links an urban provider-
school classroom to a rural receiver-school
classroom, so that students of the same class can
join through two-way video conferencing [3].
Digital StudyHall, begun in 2005, connects rural
schools in India with centres of educational
excellence, adapts the Tutored Video Instruction
method and trains teachers to mediate video [4].
Reed describes remote machining demonstrations
for rural South African students over analogue
telephone lines [5].

Data and hardware

Details are scarce. The classroom-sharing study
was carried out in Karnataka and randomly
selected about 250 participants, among them 25
urban and rural schools and 50 urban and rural
teachers and parents, plus a control classroom
from a different government school [3]. The South
African system ran on a computer with a 56 kbps
modem, a low-cost video-capture card and
camera, and Microsoft NetMeeting version 3 [5].
IT Bombay's channels are satellite, video
conference and webcast, with Moodle handling
course management [2]. Digital StudyHall is
described with reference to Lucknow in Uttar
Pradesh [4]. Sample sizes, bandwidth figures and
hardware specifications are not reported in the
accessed material for [1], [2] and [4].

Cautions

The accessed material raises several points of
caution. The Google Docs and Skype design is
judged adequate for the authors' own teaching
context, so how well it transfers elsewhere has not
been tested [1]. In [3], the 82% who believe
classroom sharing helps rural students say so on
the condition that it is executed well, and the
survey records opinions, not outcomes. Study [4]
is aimed at primary schools and relies on trained
local facilitators, so it is not a direct model for
rural colleges. Study [5] depends on dial-up-era
hardware and software that is now obsolete, and
its use case, remote machining, is specialised.
Study [2] comes from a well-resourced national
institute, so its model may not scale straight to
small rural colleges lacking comparable studio and
network resources. The proposed system should
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anticipate and test for these risks rather than
assume them away.

V. EVIDENCE OF PERFORMANCE

Reported results

The only numerical results in the accessed material
come from the classroom-sharing survey [3]: 92%
of respondents agree that urban and rural
schooling differ in quality, 92% of rural schools are
willing to take part, and 82% believe the approach
can help rural students if it is executed well. Study
[1] reports that the Google Docs and Skype
combination provided adequate functionality for
its teaching context. Study [2] reports enthusiastic
institutional support for IIT Bombay's distance
education. For [4] and [5], the accessed material
contains no performance figures.

Interactivity versus bandwidth

The studies point to a trade-off between how rich
the interaction is and how much bandwidth it
needs. Full real-time audio and video classrooms
are described as impractical under restricted
bandwidth [1], so [1] and [5] cut down what is
carried in real time, whereas [2] broadens the
delivery channels. For the proposed system, the
lesson is that interaction quality, bandwidth and
hardware cost need to be reported together. The
synopsis's audio-first prioritisation fits this trade-
off, but the reviewed papers do not test it.

Comparability and quality of the evidence

The 92% and 82% survey figures in [3] cannot be
set beside the qualitative findings of [1], [2] and
[5], because the studies differ in method, setting
and measures. Agreement percentages show
acceptance, not better learning. The accessed
material  reports no learning  outcomes,
attendance, engagement scores or technical
quality measures. Where years are shown, the
papers date from 2008 to 2013, and the year of
one paper is not shown in the accessed copy, so
none reflects current codecs, mobile networks or
cloud platforms. Only [2] is at higher-education
level, and none concerns rural engineering
colleges specifically, so how far the findings
generalise to the proposed system is unknown.

VIl. FROM LOW-BANDWIDTH DELIVERY TO
THE PROPOSED SYSTEM

Of the five papers, [3] comes closest to the
proposed Remote Classroom, because it connects
a better-resourced classroom to a rural one over
two-way video in India, and [2] comes closest to
the Expert Faculty Hub idea, because it takes one
institution's expert teaching to many sites.

Findings

Study [3] hints at demand and willingness on the
rural side, with strong agreement that a quality
gap exists and that rural schools would
participate. Study [2] shows that expert teaching
can be offered over several parallel channels,
including live and on-demand modes backed by a
learning management system. Study [4] shows the
worth of a local facilitator who mediates the video
for students, a role that could suit a local faculty
coordinator in rural colleges. Among the five
papers, these are the nearest published
counterparts to the hub, the feedback channel and
the recording library of the proposed system. They
are presented as designs and attitudes, and the
accessed material does not report how well they
perform technically.

Design issues

The papers suggest keeping the real-time part of
a session light [1], [5], providing recorded or on-
demand material [2], [4], and backing the
receiving classroom with trained local staff [4]. The
recorded libraries in [2] and [4] resemble the
offline playback in the proposed system, but, as an
inference, none of the five papers reports caching
lectures at the rural node for use during outages.

Limits and transferability

The five studies are aimed at schools or general
learners and use older technology, whereas the
present project is aimed at rural colleges and an
adaptive, cloud-based stream. The accessed
material reports no measured latency, bandwidth
use, outage handling, cost per site or student
performance. It remains untested whether the
results carry over to engineering-college lectures,
laboratory demonstrations and large classes.
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VIl. COMPARATIVE ANALYSIS

Table 1 sums up the five reviewed studies. The
findings cannot be compared directly because
settings, methods and measures differ. Entries
refer to the accessed material only.

Table 1. Comparison of the five reviewed

studies
Study Objective and design /|Main findings and
data limitations
Thinyane | Aim: a virtual classroom for | Findings: adequate
et al. | developing countries that|functionality — for  the
(2010) [1] |works on low bandwidth.|authors’ own teaching
Design:  Google  Docs | context.
paired with Skype (abstract | Limits:  the  accessed
only) record has no bandwidth
figures, sample or learning
results
Moudgalya | Aim: engineering | Findings: enthusiastic
et al.| education open to all|institutional support is
(2008) [2] |through a distance mode.|described.
Design: live, free | Limits: the record has no
transmission by satellite, | learner ~ outcomes  or
video conference and|network figures; a well-
webcast; video on demand; | resourced national
Moodle; PGDIIT; NPTEL | institute
summary (record only)
Classroom | Aim: link urban and rural | Findings: 92% agree that
sharing classes in  Karnataka.|quality differs; 92% of
(2013) [3] |Design: two-way video|rural schools are willing;
conferencing over wired-|82% see benefit if
wireless networks; survey | executed well.
of about 250 participants; | Limits: perceptions, not
control classroom (record|outcomes; technical detail
only) is absent from the record
Digital Aim:  assess facilitated | Findings: results are not
StudyHall |video instruction in rural|shown in the accessed
(2010) [4] | primary schools. | excerpt.
Design: teachers mediate | Limits: covers  primary
video of good teaching;|schools, not colleges;
based around Lucknow | needs trained facilitators
(excerpt only)
Reed (year|Aim:  bring  advanced |Findings: a working low-
not shown) | technology to rural South|cost implementation is
[5] African schools. | described.
Design: video conferencing | Limits: dial-up-era
over 56 kbps analogue|technology; specialised
lines with low-cost capture | machining use case; no
hardware and NetMeeting | performance figures
3 (excerpt only) accessed

VIIl. PROPOSED CONCEPTUAL
ARCHITECTURE

Figure 1 draws together the design implications of
the reviewed studies and the synopsis into a
staged architecture for the proposed Remote
Classroom system. It is a conceptual proposal
derived from the literature and has not been
tested experimentally.

Expert Faculty Hub

Studio, whiteboard, multi-angle cameras

v

Encoding and compression
H.265 / AV1; audio-first priority

+

Cloud streaming platform

Adaptive Bitrate Streaming server

¥

Rural college edge node

Decoder, projector, smart screen, audio

Interactive feedback channel

Two-way audio/video, hand-raising, live Q&A

+

Offline caching and recording

Local copy; playback during outages

-

Lecture library / learning management

On-demand access, records, materials

v

Monitoring and evaluation

Bandwidth, latency, altendance, results

Fig. 1. Proposed conceptual architecture for the
Remote Classroom system (conceptual, not
experimentally validated)

Stages supported by the reviewed papers.
Stage 1 is a studio hub of expert faculty, as in the
[IT Bombay model [2]. Stage 4 adopts the low-cost
classroom-end hardware principle of [5] and the
receiving classroom of [3]. Stage 5 draws on the
two-way video links of [3] and the communication
tools of [1]. Stage 7 draws on the learning
management system and on-demand video of [2];
recorded lessons also appear in [4].
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Stages that are the author's own design
recommendations. In the accessed material, none
of the five studies evaluates stages 2, 3, 6 or 8.
Stage 2 (H.265/AV1 compression with audio-first
prioritisation) and stage 3 (ABS) come from the
synopsis; they are motivated by the bandwidth
limitation reported in [1], not by a tested result.
Stage 6 caches and records the lecture at the rural
node to cover outages; [2] and [4] supply
recorded material but do not report outage
caching. Stage 8 measures bandwidth, latency,
attendance and learning results, and the dashed
loop feeds these measures back to adjust
encoding and bitrate settings. A trained local
faculty coordinator at each node, inspired by the
facilitator role in [4], should support the sessions.

IX. RESEARCH GAPS AND FUTURE
DIRECTIONS

Gaps supported by the reviewed papers. (i)
Learning outcomes: the accessed material reports
perceptions and  descriptions rather than
measured gains. (i) Network measurement: no
bitrate, latency or loss figures are given. (iii)
Currency: the studies come before adaptive
streaming, modern codecs and cloud delivery as
used in the proposal. (iv) Level and setting: only
[2] is at higher-education level, and none concerns
rural colleges specifically. (v) The quality of
interaction over weak links is not measured. (vi)
Outage handling and offline use are not reported.
(vii) Cost per site and scalability are not reported.
Design recommendations (the author's own, not
findings of the papers). Test under real rural
network conditions, measuring bitrate, latency and
packet loss; make audio the priority stream when
bandwidth drops; store a recorded copy of each
lecture at the rural node; work out the cost of
edge hardware per classroom; train a local faculty
coordinator for each site; and keep attendance
and interaction logs for evaluation.

Directions  requiring investigation.  Priorities
include a small pilot between the hub and one
rural college across repeated sessions; separate
reporting of network metrics, interaction
measures, outage behaviour and student results

against a control class; a comparison of ABS
settings and codecs on low-cost decoding
hardware; and a study of whether offline caching
keeps lectures usable during outages without
delaying live sessions.

X. CONCLUSION

Across the five reviewed studies, remote and
distance classrooms appear both feasible and
welcome in rural and developing-world settings,
with approaches ranging from low-bandwidth tool
combinations to satellite broadcast and two-way
classroom sharing. The only quantitative evidence
accessed, from [3], shows strong agreement that
quality gaps exist and that rural schools are willing
to participate, but it measures opinion, not
learning. The evidence is uneven: none of the
papers was read in full, methods and measures
differ, the work is dated, and none evaluates
adaptive streaming, modern codecs or cloud-
based delivery. For the proposed Remote
Classroom system, this points to a modular design
in which the expert hub, the adaptive streaming
layer, the edge node with offline cache and the
interaction channel can each be developed and
tested on their own, with a trained local
coordinator at every site. The system should be
called dependable only after it has been evaluated
in real rural conditions, with both network
performance and learning outcomes measured.
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