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Abstract

The rapid increase in demand for higher education in developing countries remains a constant concern for decision makers who
must address many organizational and teaching quality issues related to managing large groups of students. A recent study at the
University of Lome showed that managing large groups, while taking into account their socioeconomic background and learning
environment, requires in-person courses on a campus with well-equipped classrooms similar to smart classrooms, providing
better conditions for both teachers and students. According to various studies, smart classrooms are becoming the preferred
solution for teachers and learners to address demographic changes. In this paper, we propose a smart classroom interconnection
platform for teaching large groups of students. The platform combines videoconferencing, lecture recording, and audience
management technologies. It can integrate artificial intelligence resources, which are increasingly discussed in teaching
materials. This solution aims to extend a classroom’s capacity to other classrooms across a university campus, thereby
maintaining teacher-learner and learner-learner interactions. It consists of a main classroom (MC) and several remote classrooms
(RC) linked together by a communication medium, with technical staff and tutors operating in two modes (unicast mode and full
broadcast mode). It provides educational tools and learning spaces to allow numerous learners to access high-quality higher
education and helps teachers effectively use pre-recorded video materials and improve them.
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1. Context and Issues

Training large groups, with over 1,000 students per session,  student groups. This issue was the focus of a recent study at
has become an urgent and unavoidable reality for public ~ Togo's public universities, especially at the University of
universities in developing countries, in response to the Lomé
growing demand for executive education in these nations [1]. The results of this study pointed to the need to find an ap-
There is a need to find an effective way to teach these large propriate or complementary solution to existing solutions,
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such as:

1) the multiplication of class sessions taught by different
lecturers, with its challenges: the content of courses is
never identical (students may have preferences for par-
ticular lecturers or revisit the same course from different
lecturers in staggered sessions), limitations on how
many classes a lecturer can teach in a day efficiently
when delivering duplicate contents, and the difficulty to
administer the same assessments for the same course
when different lecturers are involved.

2) the construction of amphitheaters with large seating
capacities (over 1,500), despite their size, faces limita-
tions that cannot be ignored: the size of amphitheaters
cannot be increased indefinitely without causing addi-
tional issues such as audience management, student
competition for the best seats, hearing problems, and a
teacher-centric vision.

3) online courses with challenges for both teachers and
students. These challenges include
1) for teachers: some are unable to find their way around

the new paradigms demanded by online training, and
have difficulty adapting their initial practices to the
latest distance learning solutions [1],

2) on the student side: most students have limited access
to the tools and technologies needed for online course
participation (limits on computer equipment and
training, as well as the challenges posed by Internet
connection problems). Added to this is the lack of a
suitable workspace for distance learning courses.
Students with a high level of community life (several
students live in a family with shared spaces and var-
iable objectives). This situation often leads to students
dropping out, especially in the first year, due to a lack
of motivation, organizational problems, inadequate
student-teacher communication, and other factors.

The study identified the need for a hybrid solution that
combines face-to-face and distance learning approaches,
methods using ICT tools to address the needs of both teachers
and students. This hybrid approach combines campus-based
training with adapted classrooms equipped with all the facili-
ties and technology of smart classrooms, providing a balanced
approach to teaching large university groups.

In this paper, we propose an innovative smart classroom
platform for teaching large university groups. The platform
uses videoconferencing solutions and technologies to provide
a promising approach for audience management and access
to campus lectures, with the added advantage of recording
and replaying sessions, as proposed by [1-3], without requir-
ing extra effort from teachers. Connected classrooms are
equipped with the necessary technologies and commercially
available tools and equipment, making it a cost-effective and
efficient solution.
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2. State of the Art

The search for technological solutions to support higher
education continues to attract a great deal of interest (all over
the world), particularly in developing countries. This research
aims to develop pedagogical tools and learning spaces that
enable many learners to access quality higher education. In
most higher education institutions, information and commu-
nication technologies are driving the emergence of pedagog-
ical innovations that impact the methods of disseminating or
acquiring knowledge, the diversity and size of target groups,
and training costs.

Faced with this technological challenge, academic institu-
tions must incorporate the contributions of the digital revolu-
tion (ICT and Al) into new training methods, including smart
classrooms that can serve as a bridge to the future [4] and play
an essential role in:

1) the effective dissemination of knowledge [5], adapting
to new learning methods, paradigms, and teaching
methods [3, 6, 7],

2) obtaining or acquiring learning resources [8],

3) improving pedagogical interaction [9, 10], between
teachers and learners.

A Smart Classroom is a face-to-face learning environment
that combines advanced educational technologies with tradi-
tional or formal teaching methods to enhance not only teach-
ers' ability to promote learning but also students' access to
formal higher education. The Smart Classroom enables the
implementation of teaching approaches and learning experi-
ences that exceed the capabilities of a traditional classroom
[11,12].

Several research studies on smart classroom approaches
have been recently published and implemented. One example
is the EDUCAUSE Center for Analysis and Research of
Technology Solutions in Higher Education, which has iden-
tified since 2017 that a technology-supported learning envi-
ronment is a strategic investment for universities [13-15]. The
EDUCAUSE Center continues to seek the best technological
solutions and implications to improve the quality of higher
education, with contributions from around the world.

Other researchers have studied the key technical features of
various types of smart classrooms, which often include in-
teractive whiteboards, digital display interfaces like touch
screens [16, 17], large projection screens [18], wireless dis-
plays, and shared screens [19]. Smart classrooms can also
feature cameras, recording and broadcasting equipment that
support both synchronous and asynchronous video transmis-
sion, such as the field communication system (NFC) [11].
Others are considering the integration of Internet of Things
equipment (collecting data on climate, environment, carbon
dioxide, temperature, humidity, and noise, etc.) [20]

Much research has explored the relationship between
learning skills, learning outcomes, and learning environ-
ments [21-24]. This research has demonstrated that the high-
er education learning environment must be rich in pedagogi-
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cal resources and mediated by technology that meets stu-
dents' learning needs, with the introduction of modern learn-
ing methods that promote social interaction among students
and between students and teachers. This environment must
facilitate learning motivation and enhance pedagogical and
academic outcomes, [24-26].

In a study on learning environments, [27] Li Baoping ex-
plored the relationship between intelligent learning environ-
ments and learners' learning skills, which the authors believed
were essential in the 21st century. This research has demon-
strated that smart classrooms are evolving into spaces where
teachers and students can engage in rich, immersive teaching
and learning experiences that incorporate innovative elements
never seen before. The classroom must be equipped with the
necessary technologies to meet the needs of the stakeholders.

Finally, studies have shown that well-designed smart
classrooms are becoming the preferred solution for teachers
and students to adapt to demographic changes in some coun-
tries [15]. Others even believe they are the key to a sustainable
campus in an evolving learning environment [3].

In conclusion, the classroom has evolved from a basic
space to a smart classroom with multiple devices integrated
and interconnected in a networked environment, and even to
the Internet [27], offering to users, easy access to training and
educational tools with minimal user constraints.

Today's smart classroom will be able to integrate not only
Internet of Things resources, but also artificial intelligence,
which is increasingly being discussed in educational resources
by higher education stakeholders.

Several large-scale international and national projects have
been proposed to improve the capacity of African universities
to meet the growing demand for higher education. These
projects, generally based on ICT tools, aim to overcome the
lack of infrastructure, teaching resources, and qualified
teachers in specific fields. Most of these projects have not
produced the expected results, and new pedagogical method-
ologies for mass training are being sought all over the world
[1, 28-31].

Many mass training models centered on ICT have been
investigated by researchers with result as E-learning and
MOOCs (Massive Open Online Courses) offer training
courses to a target audience that can follow the course indi-
vidually or collectively. Several prestigious universities have
adopted these new educational technologies to offer online,
fee-based training courses equivalent to the degree courses
offered by these institutions in initial training [1, 32-34]. The
International Institute of Online Education uses new tech-
nologies to provide learning platforms for higher education
teachers. IIOE (www.lIOE.org) is a global initiative created
by UNESCO-ICHEI in collaboration with higher education
partner institutions in China and other developing countries in
Asia-Pacific and Africa as well as corporate partners. It aims
to build the capacity of the partner institutions and expand
access to higher quality education. No research have proposed
a learning platform for face-to face courses to deal with large
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group of student issue.

To capitalize on advancements in the field of intelligent
classrooms, our work addresses the challenge of managing
large groups in higher education in developing countries. It
focuses on the socio-economic and personal workspace
challenges faced by learners, which are significant issues in
distance learning and training, as identified by some studies as
a key factor in tackling the problem of large groups [1].

3. Study Methodology

The methodology used is based on:

1) analysis of how Togo's public universities manage large
groups,

2) using the results of surveys carried out at the University
of Loméamong stakeholders in large group training, to
identify existing and possible new solutions,

3) technological solutions for interconnecting intelligent
classrooms to provide seamless audio and video
streaming,

4) automated course recording solutions, with no addi-
tional effort on the part of the teacher, for rebroadcasting
in staggered sessions.

3.1. Scope of the Study

This work is a case study that uses Togo to illustrate the
challenges faced by developing countries in managing large
groups of students in university courses, particularly in public
universities.

For several years now, Togo's universities have faced a
growing demand for access to post-baccalaureate higher ed-
ucation from first-time students coming from secondary
schools. This situation remains a constant concern for uni-
versity administrators, who must address numerous organi-
zational and teaching quality challenges related to managing
large student groups.

This is the case for the Faculty of Letters, Languages, and
Axrts at the University of Lomé& which had 2,919 students in
AY2012 and 5,933 in AY2024 [1].

To train this large number of students, the University of
Lomé authorities have taken several steps to facilitate
large-group teaching. They are based on the reinforcement of
material infrastructures and human resources, such as:

1) The construction of several large amphitheaters seating

1,000 and 1,500 students,

2) The organization of courses in parallel sessions for
teaching units with very high demand,

3) Online course delivery, enabling not only continuity of
students' personal work, but also remote course man-
agement by teachers on an online course platform ac-
cessible on a local network on campus or remotely
off-campus,

The current solutions are inadequate, and surveys of uni-

versity education stakeholders indicate that existing methods
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need improvement [1]. Implementing a smart classroom so-
lution is essential for providing face-to-face teaching on
university campuses.

3.2. Surveys Carried out in the Target Area

Surveys using Google Forms, including questionnaires and
open-ended interviews, were used to collect data from higher
education stakeholders.

The questionnaires were distributed to 1,800 undergraduate
students, most of whom work in large groups, and to 106
teachers involved in teaching various large-group courses. We
received 86 responses from teachers and 1,702 from students,
and these results were used to suggest improvements for
current practices. In addition to the questionnaires, 70 open
interviews were conducted with teachers from different
teaching teams involved in bachelor's and master's degree
programs.

The teacher surveys aimed to understand how they felt
about teaching large groups (interactions, fair treatment,
working comfort, number of training sessions in a day, etc.).
[1]

Student surveys mainly focused on the transition from high
school to college, specifically regarding working conditions
such as group size, teacher-student relationships, and per-
sonalized student follow-up. A key part of the questionnaire
examined their prior mastery of working tools before college,
including computer equipment for courses, computer facilities,

network availability and quality for remote courses, and their
ability to have an appropriate workspace for distance learning.

3.3. Analysis of Survey Results and Proposed
Solutions

Based on the survey results and proposed solutions for
managing university teaching that consider students' social
disparities and stakeholder opinions, we have developed a
smart classroom interconnection platform for large university
groups. This solution allows public universities in developing
countries to effectively meet their training goals amid the
increasing number of students.

The goal is to combine the benefits of traditional
face-to-face training, which encourages interaction between
students and teachers, with the advantages of distance learn-
ing, which aims to provide quality education to thousands of
students at a lower cost. The idea is to use ICT tools to enable
an audience spread across two or more connected classrooms
to follow face-to-face (in time and space) lectures and tutori-
als through comfortable audio and video broadcasting condi-
tions.

This solution enables the extension of capacity from one
classroom to other classrooms spread across the university
campus, while maintaining teacher-learner and learn-
er-learner contact in a conveniently located physical space.
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Recording Media.
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Infrastructure
Recordings
Broadcasting

Main Classroom (MC)

Students a o &

Equipement,
Comfort Audio,
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Audio, Video
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Interconnection media
and video
broadcasting
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Towards the main
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Figure 1. a. Architecture of the main classroom (MC); b. Architecture of the remote classroom (MC).

4. Smart Classroom Interconnection
Platform

The interconnected smart classroom platform includes a
main classroom (MC) and several remote classrooms (RC),
linked by a communication medium, along with technical
staff and tutors. A large group lecture takes place in person at
the main classroom and is broadcast to the remote classrooms.
The quality of teaching in the connected classrooms relies on
proper equipment and technical staff to ensure the course is
streamed accurately, as well as to provide visual and audio
comfort for participants in the remote classrooms.

The large-group management platform consists of two
main components:

1) The "Interconnection of smart classrooms” component
uses a link solution that enables lectures to be broadcast
via videoconference from a main classroom where the
teacher is located, to remote classrooms under the con-
trol of one or more tutors.

Two modes are available:

1) Synchronous unicast mode combines equipment and
personnel to broadcast events like lectures and ques-
tion-and-answer (Q&A) sessions from the main
classroom to remote classrooms. It does not support
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broadcasting Q&A sessions from remote classrooms.
2) Full broadcast mode (two-way synchronous): This
setup involves equipment and personnel to broadcast
events (such as courses or Q&A sessions) from the
MC to the RC. It can also be used to broadcast ques-
tion-and-answer sessions from the RC.
2) The "recording infrastructure” component enables
course sessions to be recorded and rebroadcast to stu-
dents in staged sessions.

4.1. Physical Architecture of the Platform

The physical architecture comprises the main classroom
(MC), one or more remote classrooms (RC), and the inter-
connection technology that connects these classrooms. Figure
1a and 1b illustrate the architecture of the MC and RC class-
rooms, respectively, along with the equipment and actors used
to manage events in these classrooms. The equipment consists
of course management, logistics, and multimedia tools for
broadcasting and recording lessons. The actors are the pri-
mary teachers, the technical assistants, and the tutors (assis-
tant teachers), who ensure the smooth running of course ses-
sions.

Figure 2 illustrates the connections between the classrooms.
The MC is connected to the other remote classrooms (RC) by
a wired or fiber-optic medium for transporting video streams.


http://www.sciencepg.com/journal/ijsts

International Journal of Science, Technology and Society

http://www.sciencepg.com/journal/ijsts

RC

RC

[\ [

RC

Interconnection
of the

classrooms

RC

RC

Figure 2. Video cable or single-mode fiber optic cable from the main classroom (MC) to remote classrooms (RC).

4.2. Logical Architecture of the Platform

At the logical level, depending on the solution adopted for
interconnecting videoconferencing classrooms, audio-video
streams circulate between the connected classrooms. These
flows are referred to as single-duplex flows (when a main

classroom is connected to remote rooms RC, with no interac-
tion between the classrooms), as shown in Figure 3, and
full-duplex flows (when the main classroom and remote
rooms can communicate in both directions), as shown in
Figure 4.

RC

MIC - = - Audio / Video

—_— streams

P
7’
/7 /
RC RC RC
Legend : > Control feedback video

4 — — — . \Video broadcast to remote classrooms

Figure 3. Mono flow modeling with one SC room and remote SD rooms.
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Figure 4. Extended full-duplex flow modeling with MC classroom and RC Classrooms.

5. Experimental Prototype

The functional architecture includes audio, video, video image capture, and broadcast comfort equipment, as shown in Figure

5a and b.
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Figure 5. a. Functional architecture of the main Classroom; b. Functional architecture of the remote Classroom.

6. Conclusion

This paper presents an innovative approach to tackling the
challenges of managing lectures for large student groups. It is
a platform for connecting intelligent classrooms to facilitate
teaching large audiences. It includes a main classroom (MC),
remote classrooms (RC) linked through a communication
medium, technical staff, and tutors. It uses ICT tools to allow
more students to participate in face-to-face courses with op-
timal listening and viewing conditions, and to provide teach-
ers with suitable conditions for engaging an interactive au-
dience. Course sessions are automatically recorded using the
proposed platform and made available to the university
community as reusable teaching resources for various learn-
ing and development purposes.

No research have proposed a learning platform before for in
person courses to deal with large group of students issue like
our innovative platform interconnecting smarts classrooms.

The main benefits of our work include:

1) efficient classroom management to provide ideal condi-
tions for large groups of students.

2) a technological platform comprising smart classroom
equipment, ICT tools, and pedagogical and technical
support. It also includes a pedagogical database of video
courses that can be stored on servers (media library).
This pedagogical database can be continually fed and
updated with recordings of courses.
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3) replay of live recorded lessons: these lessons can be re-
played to other groups by the teacher or department at
different times. The groups concerned may be a) stu-
dents who were unable to attend the initial lesson, or b)
students who failed their assessment (make-up session).

4) use of recorded audio-video lessons to perfect teaching
practices (best practices) by first-time teachers or col-
leagues for input and exploitation, or teacher capaci-
ty-building purposes.

5) These video materials are much easier for learners to use
in a world where video-based learning is becoming in-
creasingly popular, and easier to use with modern
reading materials.

Beyond its advantages, the large group management solu-
tion raises several questions about the evolution of teaching
practice and teachers' careers. These include:

1) rebroadcasting lessons recorded in the pedagogical da-
tabase without the participation of the primary teacher
may raise copyright issues (actors recorded in video
supports);

2) will digital media records in the media library gradually
replace live teaching?

3) is a replayed lesson considered a completed lesson and
counted as part of the teacher's teaching expenses?

4) the need for question-and-answer sessions for students
following a rebroadcast course. Is this session led by the
primary teacher or another?
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