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Detecting learner attention is an essential part of learning assessment.
Consequently, it becomes an essential requirement for adaptive intelligent
teaching systems, to identify specific needs and anticipate orientations. In
this article, we propose a new model of a connected smart classroom, based
on the internet of things, artificial intelligence and machine learning to detect
in real time learners' attention and marking their presence during the
execution of a teacher-assisted pedagogical activity, as well as to adapt the
most suitable learning objects to these learners. The proposed model is based
on head position, gaze direction, yawning and eye-state analysis as facial
landmarks detected by cameras connected via the Bluetooth low energy
network and transmitted to a developed convolutional neural network. In
addition, a series of experiments have been conducted to evaluate the
performance and efficiency of the model developed. The findings
demonstrate that the model developed can be used to precisely capture the
status of learners in the classroom in terms of attention and identification. In
this way, these interesting findings can be used to adapt teaching activities to

the individual needs of learners, and to identify areas where they have
difficulties and needs extra help.
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1. INTRODUCTION

With the rapid evolution of information and communication technology (ICT), a new paradigm of
the internet has been born, known as the internet of things (1oT). This concept has had an influence on
numerous aspect of industrial and human life [1], [2]. It has led to the growth of "intelligent environments"
utilized and operated in a variety of fields, including agriculture, healthcare, transport. It has significantly
changed the way people and objects interact with each other, and teaching has not escaped this change,
having established new modes of teacher-learner interaction to improve and enhance the learning process.

In this context, the learning/teaching process can be addressed in different ways, and two main
approaches can be identified: i) "Self-learning™ and ii) "Teacher-assisted learning”. The former as its name
indicates, self-learning, refers to the ability to learn autonomously without the direct intervention of a teacher.
It is often seen as a flexible and autonomous module which enables learners to individualize their learning
process according to their own needs and pace. Learners can build skills, attitudes and knowledge in the
absence of a teacher [3]. Teachers consider prior self-learning to be an essential element and play a
significant and an important role in aiding learners to memorizing and understanding basic knowledge. So,
more time is available in class for fun and interactive activities that aim at helping learners to apply, analyze
and evaluate knowledge [4]. Concerning teacher-assisted learning approach, it involves the presence and
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active guidance of a teacher in the learning process. This approach can take place in formal environments
such as classrooms, workshops or individual tutorials. It offers the advantage of obtaining follow-up,
immediate feedback and clarification of difficult concepts. Teachers can also provide the necessary learning
objects (practical examples, exercises and videos) to reinforce learning based on learners' specific needs and
characteristics. It is a traditional teaching approach that is usually teacher-led, teaching learners such a way as
to encourages them to listen and sit [5].

Despite the flexibility of the self-learning approach, it should be noted that there are domains for which
its use is not recommended such as medicine and engineering. Such domains require specific and specialized
expertise, as professionally assisted learning is often necessary to ensure a thorough and accurate understanding
of complex concepts. Similarly, finance and accounting require accreditation and may require specific
certifications or licenses to operate legally. In these cases, professionally supervised training and formal follow-
up are frequently required. Within the same pattern, surgery and airplane piloting require hands-on training
under the guidance of experienced experts. A precise detection of learners' learning states can offer pertinent
information to the teacher so that he or she can identify troubled learners in real time. In this way, a learner's
degree of attention and engagement state can help and support intelligent tutoring systems to deliver customized
learning resources. In this paper, the fundamental concept and purpose of this work is to propose a model for the
connected smart classroom case: low-computing teacher-assisted learning based on internet of things (1oT),
artificial intelligence (Al), Bluetooth low energy (BLE) and convolutional neural network (CNN) framework
developed as a machine learning algorithms, so that they can be easily used in modern learning management
systems (LMS). The aims of our work are i) to detect in real time the attention of learners in a teacher-assisted
learning scenario by analyzing their facial expressions; ii) to detect in real time the presence of learners; and
iii) to adapt in real time the content of the learning activity being executed by recommending the most
appropriate learning path for the learner according to their level of attention.

This paper is organized into five main sections: The following section presents a literature review on
the topic of modeling and systems development for loT-based smart teaching classrooms, as well as the
application areas of 10T. The second section describes the model proposed in our approach, while defining the
various stages of operation of the model developed for real-time detection of attention and marking of learner
presence during the class session. The third section presents an example of implementation of the developed
model and the results obtained. Finally, the fourth section concludes the paper and offers suggestions and
recommendations for future work.

We examine briefly in this section. Related work in smart learning, modeling of smart classrooms, 10T
approaches used to modeling of smart classrooms and 10T application areas. Thus, modeling of connected smart
classrooms to which our study most directly contributes to detect in real time the attention of learners in a
teacher-assisted learning scenario.

a. Smart learning

The current state of research into intelligent teaching focuses primarily on a variety of learning
techniques. Saunders et al. [6] have used reverse classroom teaching to transform traditional teaching
methods and integrate a variety of interactive processes. Based on concrete examples, the new intelligent
teaching method is both reliable and capable of achieving its objectives. Alrikabi et al. [7] have utilized
Moodle to design an open-source e-learning platform that supports both the learner and the teacher by
delivering services that simplify teaching and administrative tasks linked to education and teaching
efficiency. The application of this system, according to the authors, attracts learners who are unable to follow
the traditional educational program, as it allows them to study according to their abilities and at the time they
prefer. It also offers easy educational opportunities for those who have not been able to follow the current
education system, and helps to bridge the teacher shortage. Biwer et al. [8] have validated the efficiency of
the system by implementing an intelligent teaching process. Xu et al. [9] produced an intelligent network
management model based on massive data mining for training and education optimization, and they
demonstrated that this approach enables advantageous allocation of resources and a significant level of
information fusion. Han and Xu [10] have developed an intelligent education system that efficiently
recommends lessons and adapts the learning ecosystems based on the needs of learners, thus answering and
addressing the individual learning demands of higher education learners.

b. Smart classroom

In the literature, different research and studies that have been carried out on the topic of "smart
classroom™ development and modeling show that the smart classroom paradigm has developed from a larger
notion, namely the distance learning system that used the internet as a support medium to transform a
"conventional” teaching classroom into a "smart" teaching classroom, the latter being equipped with a
number of software and hardware tools [11]. Several studies have been done on the design and development
of systems for the intelligent teaching classroom based on the loT paradigm. Some of these systems are
discussed in the following paragraph.
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Mustapha et al. [12] introduced a generic architecture for the loT-based smart teaching classroom
environment in the context of the adaptive learning environment during the execution of a pedagogical
activity among learners. This model illustrates, in the form of state-transition diagrams, the various adaptive
and personalized learning scenarios proposed by the system during the execution of an adaptive pedagogical
activity between teacher and learner, according to the learners' level and prior knowledge. To design this
architecture, the authors have considered three poles: The learner, the teacher and the knowledge. Huang
et al. [13] described the concept of the smart classroom and the smart model of the smart classroom at the
system level, and proposed an architecture for the construction and operation of context-aware smart
classrooms. The structure of the proposed system was able to build an intelligent teaching classroom
considering the situation on an intelligent campus. Zhang et al. [14] have proposed a design for a "smart
classroom™ system based on internet of things technology, the findings of which are the ability to detect
classroom temperature via the use of the DS18B20 chip, and light intensity using photo resistor Bai to collect
light data. Banu et al. [15] have proposed a system design for a smart campus based on loT and cloud
computing technology. The approach suggested by the authors illustrates how 10T and cloud computing
infrastructure successfully restructure traditional education and learning methods to enable interaction
between instructors and students, as well as between various objects and connected devices. Xu et al. [16]
have developed an loT-based e-learning system named "Smart Campus" using the 5G network technology
implementation model. This system uses a localization algorithm to obtain information about learner's
location in the classroom. The authors' choice of 5G network technology in this model is to improve the
speed of data transmission collected by the system. Similarly, Sutjarittham et al. [17] have developed an
"intelligent campus" system for optimizing utilization of classrooms. This system describes the
implementation of 10T and Al technologies, and includes detection techniques to measure the occupancy rate
of lecture theaters across the entire campus. The system developed by these authors is characterized by live
occupancy collection, identification of courses given, cancellation of course sessions. Kim [18] have
suggested an environmental intelligence algorithm for intelligent classrooms that offers teachers with
information by evaluating learner activity in the classroom in real time. Lin [19] have additionally created an
advanced learning diagnostics system to aid in presenting courses. In this system, the researchers conducted
experiments on a software engineering course at a Taiwanese institution to investigate the efficacy of the
suggested approach. To supervise energy consumption in the teaching classroom Ani et al. [20] have
presented an innovative technique for monitoring and managing electrical equipment such as light bulbs and
fans that is based on the presence of humans. The aim of this system is to build a solution that could help
reduce and save the overuse of resources in the classroom.

c. loT application areas

Based on the literature review, the "Internet of Things" paradigm plays a very interesting role in
terms of technical support and promotion in the construction of information, energy, intelligent agriculture,
the intelligent city, health, transport and other areas [21], [22]. The most useful application areas for loT
technology in human life are:

— Smart transportation: real-time traffic information extraction system (Bhatt and Bhatt 2017).

— Smart home: intrusion detection systems, water consumption, remote control applications and energy
consumption.

— Retail and logistics: intelligent product management system, intelligent shopping applications, item
tracking and fleet tracking.

— Health care: real-time patient health monitoring systems.

— Agriculture: soil humidity management system and irrigation management.

2. METHOD

The intelligent learning model developed in this paper is trained on videos recorded by cameras
within the connected smart classroom, to capture learners' faces and analyze their behavior without disturbing
or annoying them. The aim is to detect learners' attention in real time, to mark their presence in real time and
to recommend and adapt the most appropriate learning path during the execution of the teacher-assisted
pedagogical activity, by selecting suitable learning objects according to the attention detected. Our approach
is based essentially on head position, gaze direction, yawning and eye-state analysis of learners' faces
extracted by algorithms developed and passed on to a new CNN Framework developed using open-source
computer vision library (OpenCV), Open-source online C** library (Dlib) and python.

2.1. Overall process for the proposed model

We have outlined the general process that describes our contribution in Figure 1. The initial essential
step in the pipeline is the extraction of images from video frames. Then, we used the network CNN Framework
developed on the faces detected to detect in real time learners' attention and the presence of learners.
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Figure 1. The general process of the proposed approach

Figure 1 illustrates the general process of the model proposed in this paper for the real-time
detection of learners' attention and the marking of their presence, as well as the recommendation and
adaptation of learning paths according to the attention detected. This process starts with the camera
connected by BLE technology; it takes a video stream of learners during the execution of a teacher-assisted
pedagogical activity inside the connected smart classroom. The stages of this process are:

Step 1. Extracting images from video frames: As video data cannot be used to train the neural network,
images must be extracted and uploaded to the model.

Step 2. Detecting the face: We use facial landmarks to identify and represent the distinguishing features of
the face, which might include the nose, mouth, eyes and jaw. These landmarks are essential for
estimating head pose, detecting eye blinks and detecting yawning. open CV cascade is used [23],
therefore an open-source online C++ library called Dlib [24], which has pre-written functions that are
used to obtain facial landmarks. This library is programmed to find the X, y coordinates of 68 facial
landmarks to map facial structure, as explained in the Figure 2.

2271 98

227 67

Figure 2. Detecting facial features process

Step 3. Data augmentation: It is very useful to have more data during the deep learning training phase, so that
the model developed can identify all of the nuances and variations in the images. A popular technique
of increasing the number of training points is to use "data augmentation" method. Codebox [25] was
employed to create fresh images by applying a series of augmentation operations on the video frame
images, such as random rotation, zooming, shearing and flipping. Figure 3 illustrates the data
augmentation process.

Figure 3. Data augmentation process
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Step 4. Extracting faces detected: To extract the faces detected, while ignoring other objects in the image
such as the table, chair and wall. the Dlib library uses the power of OpenCVs' Haar cascades to detect
facial landmarks. Viola et al. [26] presented this technique, which has been refined over time as an
Open Source initiative by contributors to the OpenCV library, based on machine learning. To detect
the presence of an object, this technique makes use of multiple images that have been marked either
positively or negatively. The learner's face would be this object in our scenario. From there, fresh
facial image inputs to the algorithm will be recognized by the developed algorithm.

Step 5. Detecting eyes and gaze estimation: Once the learner's face extraction stage is complete, we move to
eye detection in the detected learner's face to check eye position and estimate gaze.

Step 6. Displaying results on dashboard: Display the results of attention detection and learner presence
marking in the teacher dashboard. i.e. display the faces of learners in "Attentive" and "Not Attentive"
states, learners in "Present" and "Absent" states, as well as the rate of learner attention during
execution of the pedagogical activity.

Step 7. Recommending and adapting learning paths: Recommend and adapt the most appropriate learning
objects for learners according to the level of attention detected.

2.2. The proposed new classroom model

In this paper, a new model of connected classroom is proposed to automatically examine in real time
the state of learners' attention, as well as their presence from facial expressions analyzed using cameras
connected by BLE technology. Figure 4 illustrates the proposed model.
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Figure 4. Architecture future of our smart classroom

Figure 4 illustrates the new model proposed for modeling a system to manage the connected smart
classroom, by integrating the 10T approach, Al, machine learning algorithms and BLE technology in a
"teacher-assisted learning"” context. The aim of this model is to detect in real time learners' attention, mark
their presence and adapt learning paths according to the level of attention detected in learners during the
execution of the teacher-assisted pedagogical activity. This model constitutes of the following components:

— Connected smart cameras: For recording learners in the smart classroom.

— Environmental sensors: Personal digital assistants (PDAS) like smartphones, iPads and tablets.

— BLE communication network: All objects in the smart classroom and data collected by sensors and loT
devices are transmitted via BLE to the processing and analysis platform.

— Processing and analysis platform: Receiving real-time data from loT cameras. This platform can be
cloud-based, enabling scalable data storage and processing. It can also use data analysis and machine
learning techniques to extract significant information from the collected data.

— Intelligent classroom management system: (Classroom management system software).

— Servers (lecture recording): To record teaching activities started by the teacher and keep track of them.

— Intelligent interactive whiteboard: For presenting lessons and giving explanations. It enables the teacher
to supervise learners' progress, identify trends and patterns, and make informed decisions about teaching
and pedagogical adaptation.

— Dashboard for displaying results: Display the rate of attention detected, learners in the attentive and non-
attentive states, as well as the faces of learners in the present and absent states.

Learner’s attention detection in connected smart classroom using internet of things ... (Mustapha Riad)
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The objects (components) of the smart classroom for the proposed model are connected via the BLE
communication network. It is a wireless personal area network technology and is used in many areas such as
healthcare, industrial production, and indoor and outdoor location [27]. The main advantage of using BLE is
its low energy consumption and cost compared with conventional Bluetooth technology. Consequently, BLE
technology reduces the time needed to record the presence of learners in the smart teaching classroom [28].
In the following paragraph, we present the algorithms developed for the proposed approach.

2.3. Algorithms developed

Our contribution in this paper for the real-time detection of learners' attention and the marking of
their presence, during the execution of the teacher-assisted pedagogical activity in the connected smart
classroom, is essentially based on two algorithms developed below, that can be applied to a sequence of
photos or a video stream. Algorithm 1 automatic face extraction to mark learner presence.

Algorithm 1. Real-time mark learner presence algorithm with CNN developed
Input: Video Frames or photos Original’s;
Output: Nbr Face Detected; Nb Learner Identify;
Initialize: Nbr Face Detected=0; Nb Learner Identify=0;
Begin:
If Face Detected = false Then Start the video capture process;
While Loop video sequence;
Photo Original = get an photo frame from the video sequence;
Detect multiscale face image using cascade classifier
"haarcascade_ frontalface default.xml";
For Loop Rectangle Face rect in Face Detected;
Draw rectangle around face photo;
Extract photo Original to Face Only;
Face Detected = true
Increment the number of Nbr Face Detected;
Extract face encodings for each face detected;
Compare face encodings according to datasets;
If the number of reliable matches >=50 Then increment and Return
Nb_ Learner Identify;
Else keep the same value of Nb Learner Identify;
End if
End For Loop
Crop and Copy face photo
End if
End

Algorithm 1 shows the process of marking the presence of learners in the connected smart
classroom. This marking is essentially based on face detection and similarity calculation, while Algorithm 2
presents the process of detecting learners' attention based on the estimation of their gaze, including the
position of their head, during the execution of the pedagogical activity. Algorithm 2 automatic estimation of
the learner's gaze to detect attention.

Algorithm 2. Real-time learner's gaze algorithm with CNN developed to detect attention
Input: Flux face photo extracted with the first algorithm;
Output: Nb Attentive Learners; Learner's Gaze Estimation; Teacher’s Gaze Estimation;
Initialize: Nb Attentive Learners=0; Learner's Gaze Estimation=0;
Teacher’s_Gaze Estimation=0;
Begin:
Detect multiscale eye image using cascade classifier "haarcascade eye.xml";
Loop For Rectangle Eye rect in Eye Detected;
Draw rectangle around eye image;
If (Face Detected == true) Then check Learner's Gaze Estimation;
If Learner's _Gaze Estimation = Teacher’s_Gaze Estimation;
Then Increment and Return the Nb Attentive Learners;
Else keep the same value of Nb Attentive Learners;
End If
End If
End for loop
End

3. RESULTS AND DISCUSSION

Based on the analysis of the previously cited studies, not all the models proposed by researchers
address the problem of detecting learners' attention and marking their presence within the smart classroom, as
well as adapting learning paths according to the level of attention detected. It is therefore necessary to find
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effective mechanisms and techniques to overcome the shortcomings of existing systems. Our contribution in
this article, aims to propose a new model of connected smart classroom, to detect in real time learners'
attention, mark their presence, and recommend and adapt the most appropriate learning path for learners. The
model presented is based on the 10T approach, Al, machine learning algorithms and BLE technology in a
teacher-assisted learning context. The experiments were carried out on a Lenovo machine equipped with an
Intel Core i5. The process of assessment and experimentation unequivocally demonstrate that the eyes play a
critical role in learners' ability to detect attention. In this section, we present an example implementation for
real-time detection of learners' attention, marking of their presence and different ways for recommendation
and adaptation of the teacher-assisted pedagogical activity in the connected smart classroom at the moment
of execution of the pedagogical activity by the teacher.

3.1. Marking the learner's presence

To detect learner attention, we first mark the presence of the learner in question within the smart
classroom, by detecting and extracting faces , then using face recognition cameras. [29]. In comparative
studies, cameras will produce better results than detectors (sensors) because they are specifically designed to
detect human presence more precisely, while sensors have to be customized to different user needs and their
use can vary from weather forecasting to disease prediction [30] and healthcare systems [31]. Face
recognition has received increasing attention due to its great potential in many applications (security,
criminal justice systems, surveillance, man-machine interactions, image database investigation, smart card
application, multimedia environments with adaptive man-machine interface, video indexing and civil
applications) [32], [33]. The facial recognition system can be used in two ways: Verification and
identification. Face verification (one-to-one matching) involves confirming or denying the identity claimed
by a specific individual. The face identification system (many-to-many matching) attempts to find the
identity of a given individual against all the image templates in the face database [34].

Various face detection methods are used and tested, including: i) Haar Cascade, an object detection
algorithm used to identify faces [35]; ii) Histogram of oriented gradients (HOG) is a feature used for object
detection [36]; 3) Convolutional neural networks (CNN). DLIB creator Davis King, has trained a CNN face
detector based on maximum-margin object detection [37]. In this paper, learners’ presences marking can be
done by implementing the algorithm developed in CNN (Algorithm 1), using a cascade classifier which is an
object detection algorithm based on 3 feature extraction techniques. These comprise modules such as:
i) border characteristics, ii) line characteristics and iii) characteristics of the four rectangles [38]. This
cascading classifier can be used to detect the aforementioned facial landmarks. Figure 5 illustrates the
process of face detection by the algorithm developed. Equation (1) expresses mathematically the number of
faces detected.

0, if no face
. fi oneach face

Face(f) ={ 1

where f is a single photo captured by the BLE-connected camera in the smart classroom.

Not Face

Face

Face Not Face

Figure 5. Face detection process
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Once the face detection process is done, marking the presence of learners in the smart classroom is
based on matching the faces detected by the developed Algorithm 1 with the faces in our dataset containing
all the faces of the learners in the classroom. This correspondence can be performed using Euclidean distance
[38]. Figure 6 shows the results of the execution of Algorithm 1. Figure 6 illustrates the number of faces
detected in the video recorded by the BLE camera, i.e. one male student's face, marked inside a rectangular
box in green. Figure 7 shows the individual face extracted and saved as a PNG image using the algorithm
developed (Algorithm 1).

Fichies Ldition Recherche Source Exécution Déboguer Consale Projets Outis Affichage Aide

B & @ @ »

Figure 6. Example of face detection using Algorithm 1

-

Face 0O.png

Figure 7. Face extracted by using Algorithm 1

Once the face detection and extraction stage are done, we start calculating the similarity between
each detected face and those in our dataset, using scale-invariant feature transform (SIFT) descriptors to
detect key points in the photo and their associated descriptors. The result is used to determine the state of the
learners: If the number of reliable matches is greater than or equal to 50, the developed script displays a
message indicating that the extracted face is similar to an image in our dataset, so the learner is in the
"Present” state. If it is not, the script displays a message indicating that the extracted face is not similar to any
image in our dataset, so the learner is in the "Absent" state. Figure 8 shows the result of running the
algorithm.

O [eyeb2ia »
—_—
comparerl.py’, wiirs Cr/ucers/ByRIAD/Dechtop/Phifarticle journoux/Smart Classroos®)

The extracted Fface ia similar to Mostapha png of cur dataset learnera!

50 learner Mo=stapha ia PRESEMT

Figure 8. Comparison of extracted faces with the faces of all learners using Algorithm 1
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The Figure 8 shows the result of the comparison. We found that the extracted face named Face_0.png
is similar to the learner's photo named Mustapha.png from our datasets. This means that the Face_0.png
corresponds to the face of the learner Mustapha, i.e. the learner is present in the teaching classroom.

3.2. Detection of learners' attention

Once the learner presence marking stage within the connected smart classroom is achieved, by
running the algorithm developed in CNN (Algorithm 1). We start to estimate the learners' gaze in relation to
the teacher's gaze, by detecting the eyes using the algorithm developed (Algorithm 2). Figure 9 illustrates a
real example of attention detection for the learner named Mustapha Riad. Figure 10 shows the result of
running the algorithm developed (Algorithm 2) to detect learners' eyes. It concerns the eyes on a learner's
face; these eyes are marked inside a rectangular box in blue. Figure 10 shows the eyes of individual faces
extracted by Algorithm 2.

Based on the achieved results, we initiate a comparison between the learner's gaze estimation and
the teacher's gaze estimation to detect the learner's attention. If the learner's gaze aligns with the teacher's
gaze, the learner is classified as "Attentive"; otherwise, the learner is categorized as either "Non-Attentive" or
"Distracted”. This process allows us to discern and classify the attentional states of the learners within the
intelligent teaching environment, providing valuable insights into their engagement levels during the
instructional session.

Crvm pyron wrae
TPt Qe S P IA] DI GAN GRA ORF KA M bin

Figure 9. Example of eyes detection using algorithm 2

Face_0.png

Figure 10. Eyes detected using algorithm 2

3.3. Recommended and adapt of learning path

By examining the results obtained by the two algorithms developed, the teacher can identify learners
who might need extra help or support and distinguish the areas in which they are having difficulty in order to
make learners more attentive. It can adapt teaching activities to the individual needs of learners using a
variety of interactive tools. Executing a teacher-assisted learning activity in the connected smart classroom is
an example in this regard. If the proposed system detects that some learners are distracted or disinterested,
the pedagogical activity can be adapted in real time on the basis of the learners' learning needs in terms of
knowledge, skills and attitudes, to help them focus more on the content using:

Learner’s attention detection in connected smart classroom using internet of things ... (Mustapha Riad)
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— An interactive whiteboard can be connected to the loT to display graphs, equations or images that can
help capture learners' attention.

— An intelligent audio system can be used to adjust the volume of the teacher's voice based on the noise
level in the classroom. If the system detects that some learners are distracted and talking amongst
themselves, the audio system can automatically adjust the voice volume to attract their attention.

— Gamification tools can be used to encourage learner participation and engagement. For example, a reward
points system can be used to reward learners who answer questions correctly or those who actively
participate in the class.

Based on the results obtained by implementing the two algorithms developed, learning environments
can become more intelligent, interactive and adaptive by integrating the 10T into teacher-assisted learning.
This integration can provide teachers with valuable information for assessing learner performance,
identifying shortcomings and adapting learning. They can also provide additional learning objects, such as
videos, images, targeted exercises or specific activities to support differentiated learning and promote the
success of each learner. It provides continuous feedback to learners, guiding them in their learning and
assessing their progress. This can be done using automated reports, personalized feedback or real-time
evaluations.

4. CONCLUSION

This research describes an improved model for real-time attention detection and presence marking
of learners via the integration of 10T, Al and machine learning. This system is based on a CNN Framework
developed from machine learning. The primary goal is to develop a connected, lightweight, cost-effective
and environmentally sustainable ecosystem that can be implemented in modern learning management
systems while maintaining and achieving high performance. The system was capable of detecting learners'
facial landmarks from images captured by cameras connected via BLE technology and transmit them to a
CNN-based learning model developed to detect learners' attention and presence marking in real time,
adapting learning activities to individual learner needs based on detected learner attention rates. As a result, a
learning model with a small size but relatively high in efficiency. This system can be easily integrated into
the teacher's dashboards in the smart classroom to intervene when learners are asleep or distracted. Teachers
can focus more time on teaching and learning than on managing and controlling classroom workflow.

REFERENCES

[1]  B. Pourghebleh, N. Hekmati, Z. Davoudnia, and M. Sadeghi, “A roadmap towards energy-efficient data fusion methods in the
internet of things,” Concurrency and Computation: Practice and Experience, vol. 34, no. 15, Mar. 2022, doi: 10.1002/cpe.6959.

[2] T. Taami, S. Azizi, and R. Yarinezhad, “An efficient route selection mechanism based on network topology in battery-powered
internet of things networks,” Peer-to-Peer Networking and Applications, vol. 16, no. 1, pp. 450-465, Dec. 2023, doi:
10.1007/512083-022-01426-0.

[31 P. V Padmapriya, “Effectiveness of self learning modules on achievement in biology among secondary school students,”
International Journal of Education and Psychological Research (IJEPR), vol. 4, no. 2, pp. 44-46, 2015.

[4] D. Zou, “Gamified flipped EFL classroom for primary education: student and teacher perceptions,” Journal of Computers in
Education, vol. 7, no. 2, pp. 213-228, Jan. 2020, doi: 10.1007/s40692-020-00153-w.

[5] G. A. Tularam, “Traditional vs non-traditional teaching and learning strategies - the case of e-learning!,” International Journal for
Mathematics Teaching and Learning, vol. 19, no. 1, pp. 129-158, Aug. 2018, doi: 10.4256/ijmtl.v19i1.21.

[6] G. Saunders, F. Oradini, and M. Clements, “SMART teaching in new and old classrooms,” IAFOR Journal of Education, vol. 5,
no. 1, Mar. 2017, doi: 10.22492/ije.5.1.05.

[71 H.T.S. Alrikabi, N. A. Jasim, B. H. Majeed, A. A. Zkear, and I. R. N. ALRubeei, “Smart learning based on Moodle e-learning
platform and digital skills for university students,” International Journal of Recent Contributions from Engineering, Science & IT
(iJES), vol. 10, no. 01, pp. 109-120, Mar. 2022, doi: 10.3991/ijes.v10i01.28995.

[8] F. Biwer, A. B. H. de Bruin, S. Schreurs, and M. G. A. oude Egbrink, “Future steps in teaching desirably difficult learning
strategies: reflections from the study smart program,” Journal of Applied Research in Memory and Cognition, vol. 9, no. 4,
pp. 439-446, Dec. 2020, doi: 10.1016/j.jarmac.2020.07.006.

[91 B. Xu, S. Song, and D. Wang, “Application of smart safety training and education in network teaching management,” Safety
Science, vol. 124, p. 104608, Apr. 2020, doi: 10.1016/j.ssci.2020.104608.

[10] Z. Han and A. Xu, “Ecological evolution path of smart education platform based on deep learning and image detection,”
Microprocessors and Microsystems, vol. 80, p. 103343, Feb. 2021, doi: 10.1016/j.micpro.2020.103343.

[11] W. Xie, Y. Shi, G. Xu, and D. Xie, “Smart classroom - An intelligent environment for tele-education,” in Lecture Notes in
Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), vol. 2195,
Springer Berlin Heidelberg, 2001, pp. 662-668.

[12] R. Mustapha, G. Soukaina, Q. Mohammed, and E. Es-Saadia, “Towards a connected smart classroom: case of an adaptive
teaching activity,” Mar. 2022, doi: 10.1109/IRASET52964.2022.9738220.

[13] L. S. Huang, J. Y. Su, and T. L. Pao, “A context aware smart classroom architecture for smart campuses,” Applied Sciences
(Switzerland), vol. 9, no. 9, p. 1837, May 2019, doi: 10.3390/app9091837.

[14] M. Zhang and X. Li, “Design of smart classroom system based on internet of things technology and smart classroom,” Mobile
Information Systems, vol. 2021, pp. 1-9, Jul. 2021, doi: 10.1155/2021/5438878.

Int J Elec & Comp Eng, Vol. 14, No. 3, June 2024: 3455-3466



IntJ Elec & Comp Eng ISSN: 2088-8708 O 3465

[15]
[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]
[27]
[28]
[29]
[30]

[31]

[32]
[33]

[34]

[35]
[36]

[37]
[38]

J. Faritha Banu, R. Revathi, M. Suganya, and N. R. Gladiss Merlin, “IoT based cloud integrated smart classroom for smart and a
sustainable campus,” Procedia Computer Science, vol. 172, pp. 77-81, 2020, doi: 10.1016/j.procs.2020.05.012.

X. Xu et al., “Research on key technologies of smart campus teaching platform based on 5G network,” IEEE Access, vol. 7,
pp. 20664-20675, 2019, doi: 10.1109/ACCESS.2019.2894129.

T. Sutjarittham, H. Habibi Gharakheili, S. S. Kanhere, and V. Sivaraman, “Experiences with IoT and Al in a smart campus for
optimizing classroom usage,” |EEE Internet of Things Journal, vol. 6, no. 5, pp. 7595-7607, Oct. 2019, doi:
10.1109/J10T.2019.2902410.

P. W. Kim, “Ambient intelligence in a smart classroom for assessing students’ engagement levels,” Journal of Ambient
Intelligence and Humanized Computing, vol. 10, no. 10, pp. 3847-3852, Oct. 2019, doi: 10.1007/s12652-018-1077-8.

Y. T. Lin, “Impacts of a flipped classroom with a smart learning diagnosis system on students’ learning performance, perception,
and problem solving ability in a software engineering course,” Computers in Human Behavior, vol. 95, pp. 187-196, Jun. 2019,
doi: 10.1016/j.chb.2018.11.036.

R. Ani, S. Krishna, H. Akhil, and U. Arun, “An approach towards building an IoT based smart classroom,” in 2018 International
Conference on Advances in Computing, Communications and Informatics, ICACCI 2018, Sep. 2018, pp. 2098-2102, doi:
10.1109/ICACCI.2018.8554869.

T. Hong, W. Zhao, R. Liu, and M. Kadoch, “Space-air-ground IoT network and related key technologies,” IEEE Wireless
Communications, vol. 27, no. 2, pp. 96-104, Apr. 2020, doi: 10.1109/MWC.001.1900186.

R. Atiqur, “Automated smart car parking system for smart cities demand employs internet of things technology,” International
Journal of Informatics and Communication Technology (1J-ICT), vol. 10, no. 1, Apr. 2021, doi: 10.11591/ijict.v10i1.pp46-53.

Z. Arya and V. Tiwari, “Automatic face recognition and detection using OpenCV, Haar cascade and recognizer for frontal face,”
International Journal of Engineering Research and Applications, vol. 10, no. 6, pp. 13-19, 2020, doi: 10.9790/9622-1006051319.
R. J. Cardenas T., C. A. B. Castafion, and J. C. G. Caceres, “Face detection on real low resolution surveillance videos,” in
Proceedings of the 2nd International Conference on Compute and Data Analysis, Mar. 2018, pp. 52-59, doi:
10.1145/3193077.3193084.

R. Jabbar, M. Shinoy, M. Kharbeche, K. Al-Khalifa, M. Krichen, and K. Barkaoui, “Driver drowsiness detection model using
convolutional neural networks techniques for Android application,” in 2020 IEEE International Conference on Informatics, IoT,
and Enabling Technologies (ICloT), 2020, pp. 237-242.

P. Viola and M. Jones, “Rapid object detection using a boosted cascade of simple features,” in Proceedings of the IEEE Computer
Society Conference on Computer Vision and Pattern Recognition, 2001, vol. 1, doi: 10.1109/cvpr.2001.990517.

G. Sengiil, M. Karakaya, and A. Bostan, “A smart classroom application: monitoring and reporting,” International Journal of
Scientific Research in Information Systems and Engineering, vol. 3, no. 1, pp. 2380-8128, Jan. 2017.

M. O. Raoof, “A smart attendance tracking system using Bluetooth low energy beacons,” Altinbas Universitesi, 2019.

C. B. Yuvaraj, M. Srikanth, V. Santhosh Kumar, Y. V Srinivasa Murthy, and S. G. Koolagudi, “An approach to maintain
attendance using image processing techniques,” in 2017 10th International Conference on Contemporary Computing, IC3 2017,
Aug. 2017, vol. 2018-Janua, pp. 1-3, doi: 10.1109/1C3.2017.8284353.

R. Ani, S. Krishna, N. Anju, A. M. Sona, and O. S. Deepa, “IoT based patient monitoring and diagnostic prediction tool using
ensemble classifier,” in 2017 International Conference on Advances in Computing, Communications and Informatics, ICACCI
2017, Sep. 2017, vol. 2017-Janua, pp. 1588-1593, doi: 10.1109/ICACCI.2017.8126068.

P. K. Binu, K. Thomas, and N. P. Varghese, “Highly secure and efficient architectural model for IoT based health care systems,”
in 2017 International Conference on Advances in Computing, Communications and Informatics, ICACCI 2017, Sep. 2017,
vol. 2017-Janua, pp. 487-493, doi: 10.1109/ICACCI.2017.8125887.

U. Bakshi and R. Singhal, “A survey on face detection methods and feature extraction techniques of face recognition,” in
International Journal of Emerging Trends & Technology in Computer Science (IJETTCS), vol. 3, no. 3, pp. 233-237, 2014.

N. Hazim Barnouti, “Improve face recognition rate using different image pre-processing techniques,” American Journal of
Engineering Research (AJER), no. 5, pp. 46-53, 2016.

S. Kumar Rath and S. Swarup Rautaray, “A survey on face detection and recognition techniques in different application domain,”
International Journal of Modern Education and Computer Science, vol. 6, no. 8, pp. 34-44, Aug. 2014, doi:
10.5815/ijmecs.2014.08.05.

W. Y. Lu and M. Yang, “Face detection based on viola-jones algorithm applying composite features,” in Proceedings - 2019
International Conference on Robots and Intelligent System, ICRIS 2019, Jun. 2019, pp. 82-85, doi: 10.1109/ICRIS.2019.00029.
N. Dalal and B. Triggs, “Histograms of oriented gradients for human detection,” in Proceedings - 2005 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition, CVPR 2005, 2005, vol. I, pp. 886-893, doi: 10.1109/CVPR.2005.177.
D. E. King, “Max-margin object detection,” Arxiv.org/abs/1502.00046, Jan. 2015.

C. Li, Z. Qi, N. Jia, and J. Wu, “Human face detection algorithm via Haar cascade classifier combined with three additional
classifiers,” in ICEMI 2017 - Proceedings of IEEE 13th International Conference on Electronic Measurement and Instruments,
Oct. 2017, vol. 2018-Janua, pp. 483-487, doi: 10.1109/ICEMI.2017.8265863.

BIOGRAPHIES OF AUTHORS

Mustapha Riad £ B4 © was born in 1986 at Kalaa M’Gouna, Morocco. He is a Ph.D.
student and part of the team: distributed computing systems in the research laboratory: signals,
distributed systems and artificial intelligence at the ENSET Institute of Mohammedia. He
received his master’s degree in information systems engineering (ISI) from the Cadi Ayyad
University Marrakech in 2019. Her doctoral work explores contribution to the development of
intelligent education systems and adaptive learning through the personalization and adaptation
of educational content, for the learner. His research focuses on adaptive systems and smart
education systems using artificial intelligence, machine learning and internet of things. He can
be contacted at email: My.mustapha.riad@gmail.com.

Learner’s attention detection in connected smart classroom using internet of things ... (Mustapha Riad)


mailto:My.mustapha.riad@gmail.com
https://orcid.org/0000-0002-1860-5900
https://scholar.google.com/citations?view_op=new_articles&hl=fr&imq=RIAD+Mustapha
https://www.scopus.com/authid/detail.uri?authorId=57981534800
https://www.webofscience.com/wos/author/record/GRO-3181-2022

3466

a

ISSN: 2088-8708

Mohammed Qbadou £ B8 © was born in 1971 at Kalaa Sraghna, Morocco. He obtained
a master’s degree in mechanical engineering from ENSET of Mohammedia in 1992, the DEA
in energetics and physics in 1993, and the first Ph.D. in robotics especially in the modeling and
control of flexible manipulator robots at the Mohammed V University of Rabat in 1998, the
HDR in computer science in 2017 and the second Ph.D. in computer science in 2021 at the
Hassan I University of Casablanca. Since 1998, he has been a research professor in computer
science at ENSET of Mohammedia. His research focuses on semantic web, big data analytics,
artificial intelligence, inclusive smart education systems, and assistive robotics. He has
accumulated 30 years of experience in teaching mechanical engineering, robotics, and
computer science. In scientific research, he has produced over 100 indexed publications. He
can be contacted at email: gbmedn7@gmail.com.

Es-Saadia Aoula © Fd 12 obtained PhD in management, environment, education and
corporate social responsibility; she has been a research professor at ENSET of Mohammedia.
She is head of the Department of Administrative Sciences and Techniques and Competence
Engineering (STA&IC). She has collaborated in the Tempus UMEI Project (Maghreb
Universities Inclusive Education) to set up a Support, Awareness, Support and Mediation Unit
(CASAM for Diversity, Inclusion and Success). She participated in the research project
CYBSPEED H20202 in the framework of an international program: cyber-physical systems
for educational rehabilitation in special education. She is also a member of the steering
committee of the "Linkages for Entrepreneur Achievement Project” (LEAP) for the promotion
of entrepreneurial culture. She can be contacted at email: es.aoula@gmail.com.

Int J Elec & Comp Eng, Vol. 14, No. 3, June 2024: 3455-3466


mailto:es.aoula@gmail.com
https://orcid.org/0000-0001-7822-1135
https://scholar.google.com/citations?hl=fr&user=9-Wf9YkAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=56705618500
https://orcid.org/0000-0002-5331-3794?lang=en
https://scholar.google.com/citations?hl=en&user=_om9Eo8AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57218464503
https://www.webofscience.com/wos/author/record/IAQ-1152-2023

