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Abstract—The objectives of this research are to analyse and assess an intel-
ligent graphical tutoring system using the internet of things (IoT) to develop the
efficiency of embedded systems. The research findings suggest that an intelli-
gent system is composed of six modules: 1) student, 2) graphical tutoring, 3)
expert, 4) knowledge, 5) evaluation and 6) user interface. The result of a com-
position assessment performed by experts indicates that the overall results are at
a high level. The system suitability scored the highest level which can be ap-
plied to real life situations.
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1 Introduction

The rapid development of information and communication technology (ICT)
means that it is increasingly used in education to create innovative teaching materials
and enable learners to acquire knowledge. The 21 century is an era of fast-paced
technological development that requires different outcomes from students and affects
the learning process [1] Technological change and innovation in the delivery of edu-
cation provides students with easier access to information sources. As technology
advances, it is used for building systems that facilitate students’ learning and promote
higher educational standards as well as improving the quality of students learning due
to the ability embedded in the systems. Currently, this field of study focuses on em-
bedded system programming and the internet of things (IoT) which are important for
national development. This technology is also applied to the measurement of sport-
related injuries [2] the monitoring of patients [3] as well as education [4]. After com-
pleting their studies, undergraduate students can apply their knowledge to innovative
creation and standard testing of embedded system efficiency. Sharing news and in-
formation has gradually become easier, and knowledge exchange engages many audi-
ences on websites [5] which means that it is possible to develop knowledge and skills
in this way. Therefore, a learning management system is an essential component as
students are already system users. It must be designed to attract and motivate students
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to engage in the learning process [6]. The quality of student learning must be priori-
tized and facilities and learning methods provided that encourage students to become
independent learners. Students should be able to set their own goals and improve their
academic ability. A positive attitude should be fostered while developing students’
behaviour towards computers [7]. These innovative learning processes will be effec-
tive after students have engaged in the learning activities.

An intelligent tutoring system (ITS) is an innovative learning platform that sup-
ports learning activities within classrooms and distance education via the internet.
ITSs aim to provide learning support and customized instruction to help students
personalize their learning [8]. This is a new way to supplement the best learning by
using a computer database and teaching strategies that enable an authentic learning
environment and suit the individual needs of students [9]. Additionally, activities
should be provided during lessons to engage students and to develop their knowledge
and skills [10].

One advantage of ITSs is the ability to generate knowledge and derive new
knowledge in response to learner's questions according to their intelligence levels.
The system assesses whether students lack a body of knowledge and identifies areas
where their learning needs improvement. It does this by using visual block-based
programming focused on the problem-solving process. The graphical programming
method is described as a series of functions where the composition of a photo, colour
or symbol is programmed instead of line of code which is more effective and efficient
[11]. A program is integrated with the intelligent tutoring system to help students get
a better understanding of microcontroller programming principles relating to the de-
velopment of embedded systems.

Embedded systems are widely used in several sectors including industry, agricul-
ture, transportation, safety and education. Today, educational institutions focus on
embedded system learning to develop students’ abilities and so they can create new
technology or produce innovative ideas [12]. This is useful for problem solving or
designing a wireless sensor network (WSN), which is an innovative technology using
a prediction-based approach that transfers data through the embedded system [13].
WSNs are also used to transfer and store data in cloud computing via devices with the
IoT [14]. Accordingly, the learning development of embedded system technology in
educational institutions is associated with supporting and promoting research activi-
ties, developing embedded system technology as well as maximizing the potential of
students and personnel.

Therefore, the researchers are interested in the analysis of graphical intelligent tu-
toring systems using [oT to develop and embed system efficiency and in employing
the system as a tool to help develop knowledge and skills and provide intelligent and
productive classroom activities. In addition, these systems provide a great opportunity
to conduct independent research and review the success of the development of stu-
dents’ skills and technical knowledge in relation to embedded system efficiency.
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2 Literature Reviews

2.1  Intelligent tutoring system

The intelligent tutoring system (ITS) is an innovative learning platform that uses
electronic media to support students learning and provide course content, tests, exer-
cises and learning activities. The system holds a body of knowledge and delivers
effective presentations of lessons. It follows a thorough process in accordance with
learning principles and aims to provide customized instructions that suit the individual
needs and intelligence levels of students [15]. The ITS is an expert knowledge model
with the capacity to make logical decisions [16]. It uses teaching methods such as pre-
planning teaching or advanced topics teaching [17] and is as responsive to a student’s
needs as a human tutor would be. Not only does the system engage students in prac-
tice and collaborative learning but it also creates a conducive learning atmosphere
[18] in a flexible and adaptive way that is suitable for individuals’ needs [19]. Addi-
tionally, ITS provides immediate feedback for learners to personalize and optimize
learning ability and make the teaching process easier [20]. It can be used both within
the classroom and for distance education via the internet [21]. When developing ITSs
a broad knowledge of the study area must be considered including topic and course
content as well as an understanding of the students’ knowledge base, ability and be-
haviour. The strategic skills of teachers relating to the presentation process and their
lesson plans, methods and tests must also be applied to the expert knowledge-based
system. The principles of the system are to provide questions for learners using an
incremental mechanical method that rewards students for any correct responses to
questions. Where students’ answers are different to the correct response, the system
will carry out a further assessment [22] to try to improve student learning outcomes.
During the assessment process, the system also organizes a learning plan, future les-
sons and formalizes the learning. Then, the system generates new questions that are in
keeping with student’s learning management skills [23]. Teachers are not required to
outline a plan since the system is able to provide timely feedback for the learners
through the tutoring model and knowledge-based system [24]. This research can be
applied to the field of education to produce intelligent tutoring systems as part of the
technological revolution taking place in education [25]. It can also apply to the devel-
opment of students’ analytical skills and their understanding of the concept of inde-
pendent learning which will help them to acquire knowledge and use technology to
create future innovations.

2.2 Graphical programming

Graphical programming is defined as a graphical approach to programming using
diagrams and symbols instead of lines of code or a series of functions. It allows users
to interact with a program and see the immediate results. It uses simple methods and
features in a positive developmental setting and is divided into two parts: Open source
platforms and proprietary platforms [26]. This allows developers to create a program
without writing a single line of code and fix programming errors to improve the pro-
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gram. However, beginners can find it difficult and tire of learning [27] so online
graphic programming is developed by replacing text with block diagrams or symbols
as well as converting commands back into a programming language.

During this research, a graphic programming tool is used to assist teaching in col-
laboration with an intelligent tutoring system to support learners according to their
needs when creating programs connected to embedded systems [28]. This is suitable
for beginners because the programming process includes the execution of a command
block to create a script, which is a bit like a Lego programming block that cannot be
redistributed without prior written permission from its author and to avoid data entry
mistakes in its programming. According to the process, it makes a programming lan-
guage easier for beginners to learn and design projects with creativity and imagina-
tion. Whereas course content involves graphical programming by employing a range
of tools. These can include a microcontroller, sensor and other electronic devices such
as motion controls, sensors, result displays and electric ray robot sound programming
[29] using a miniblog, and an open source graphic program for Arduino, Multiplo,
physical computing etc. [30].

2.3  Internet of Things

The Internet of Things (IoT) environment supports device-to-device communica-
tion and protocol with LAN and wireless connectivity. The IoT consists of a personal
recognition system and is the basic ability of machines to recognize things, people,
and movements in response to requests, collaboration and data exchange. Its ability
can lead to innovation success in the industrial, agricultural, logistics [31], communi-
cation, safety [32] and education sectors. Such innovative products can improve the
learning environment, encourage learners and increase efficiency in learning [33].
Furthermore, the IoT can be applied in daily life in items such as motion sensors,
home security systems that detect movement, sending signals as a request for an auto
on/off switch, medical monitors for patients and elders as well as medical data trans-
mission.

Smart kitchen appliances such as sensor knives work using the IoT that monitors
movement and uses sensing principles to detect the blade during cutting and chop-
ping; it works like robotic hands and helps prevent user errors. Load cells are attached
to smart chopping boards designed for fruit or meat. For safety reasons, when items
are placed on the smart chopping board, the blade motion is detected by an accelera-
tion sensor [34]. Data for processing is transmitted through an internet data centre
server [35]. Crucial aspects of the IoT include:

Content—Data transmission at any time

Computing—Processing data at anytime and anywhere and on any device
Collection—Providing a wide variety of services

Connectivity—Can connect with all hosts and networks
Communication—From anywhere in the world

Convergence—Data transmission on different platforms [35].
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Data transmission using the IoT is successful if the connected items, communica-
tions and backbone work seamlessly with the top layers. Therefore, the IoT must have
the following aspects:

¢ Identification—Personal recognition system

e Sensing-The process of data collection by detecting a multitude of real-world
attributes, such as humidity, temperature, light intensity, smoke and much more

e Communication—Connectivity enabling a sensor to transmit a signal for pro-
cessing functions within internal or external servers or internet networks

e Computation—A processing system with the apparatus for distributed computing
on the sensor data as well as for transmitting analytical data to users or any device

e Service-In terms of providing information technology services, data-driven deci-
sion making and response management systems for adding sensor devices and pro-
cessing systems within IoT systems as well as the monitoring, maintenance and de-
termination processes

¢ Semantics—The searching and downloading process as shown in Fig 1 [36]

ﬂ""}f

Identification Sensil C ation Computati Services Semantics

Fig. 1. Composition of the Internet of Things (IoT) [36]

Based on the previous information, the IoT technology has multiple benefits which
can be applied in many ways. The IoT technology is part of this research initiative to
support intelligent tutoring systems that can encourage and increase learners’ essential
skills and give them a competitive edge. It seems obvious that the role of technology
in education is vital to create a learning society and this could apply to many sectors.

2.4 Embedded system competency

An embedded system is an electronic system within the central processing unit
(CPU) and is used in household appliances and consumer electronics including mo-
bile phones, digital cameras, washing machines, air conditioners and electronic sys-
tems for automotive control etc. Today, embedded systems are commonly found in
devices and are constantly increasing. They are also used in several sectors including
education, agriculture, industry, medicine, security as well as in electrical and elec-
tronic appliances and robot technology [37]. With significant growth in and minimal
re-design of such devices, embedded systems can be integrated into sensors [38]
which are easy to use due to their small physical size. Memory units in microcontrol-
lers can be used for multiple purposes and meet many individual needs while increas-
ing the capacity for such devices through software.
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Embedded systems are continually growing, so they have become an important as-
pect of research as well as being an integral part of students’ courses where they are
tested for efficiency and used for self-assessment of knowledge.

3 Methodology

Phase 1-A synthesis of graphical intelligent tutoring systems using the IoT for de-
veloping the efficiency of embedded systems, as follows:

e A study of relevant research papers about intelligent tutoring systems
to discover any synthesis in the composition of graphical intelligent tutoring sys-
tems [10], [39], [40], [41], [42], [43], [44].

e A study of relevant research papers and literature reviews relating to graphical
programming for programming [27], [45], [30].

o A study of relevant research papers and literature reviews relating to the internet of
things, [31], [32], [33], [34], [35], [36], supporting students learning with course
content [46], [37], [38] as well as the development and assessment of embedded
system efficiency.

o A synthesis of graphical intelligent tutoring systems using the internet of things for
developing the efficiency of embedded systems.

Phase 2-Suitability assessment methods of graphic intelligent tutoring system
composition using the internet of things for developing the efficiency of embedded
systems as follows:

o Creating a suitability assessment tool for graphic intelligent tutoring system com-
position using the internet of things for developing the efficiency of embedded sys-
tems.

o Assessment of graphical intelligent tutoring system composition using the internet
of things to develop the efficiency of embedded systems performed by ten experts
with doctoral degrees and at least ten years teaching experience in higher educa-
tion. Five experts have a comprehensive knowledge of teaching design and five
have a comprehensive knowledge of technology.

e Analysis of suitability assessment results regarding graphical intelligent tutoring
system composition using the internet of things for developing the efficiency of
embedded systems using mean (x) and standard deviation (SD).

4 Result

The analytical approach of intelligent graphical tutoring system composition using
the internet of things to develop the efficiency of embedded systems with concepts
and related theories is described in the following research [6], [10], [23], [47], [48],
[49], [50] and summarized in Table 1.
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Table 1. Analysis of the composition of intelligent tutoring systems.
Intelligent Zhihong Jugf)i Naghiza- Ramesh (Si Thai Vinchur- Pimenez, Rarr_xirez-
Tutoring Liu, |Kovaci¢ & Rao & |Allal |[Nghe & Juarez, [NoriegaJua-
System Libing, Slavyj deh  IRama- |Zarouk|Schmidt|Kar Ramirez [rez, Ra-
Zequing [44] &. nathan |& Thieme|[ & . , Navar- [merez,
[43] Moradi [3] [7] Khaldi 48] Sasiku- ro,
[47] mar{49] ICoronel
and
Cas-
tillo[21]
Domain v v v | v v v v
Module
Tutoring v v v v | v | v v v v
Module
Student v v v v | v | v v v
Module
Expert v v v v
Module
User Inter- v v v v v v v v v
face
Knowledge v
Module
Evaluation v
Module

According to the analysis of documents and research papers derived from the com-
position of the tutoring module, the researchers integrated graphical programming
into the module which resulted in a change to the graphic tutoring module. Therefore,
the intelligent tutoring system could be summarized as

Student module

Graphical tutoring module
Expert module

Knowledge module

Evaluation module

User interface as shown in Fig 2

Intelligent Tutoring System
Q.

fhrophica
,” Tutoring

| e 2

Student Module Graphical Tutoring

Module

Internet
of Things

Embedded
System
Evaluation Module

Expert Module

Knowledge Module

Fig. 2. Composition of an intelligent graphical tutoring system using the internet of things to
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develop efficiency in embedded systems.
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Table 2. Mean and standard deviations relating to the analysis of the composition of an intelli-
gent graphical tutoring system using the internet of things to develop efficiency in em-

bedded systems
Assessment Description Level of Proficiency
x | S.D. | Result
Composition of a graphical intelligent tutoring system
Graphical Tutoring Module 4.80 0.45 Very high
Student Module 4.20 0.45 High
Expert Module 4.60 0.55 Very high
Knowledge Module 4.20 0.45 High
Evaluation Module 4.60 0.55 Very high
User Interface 4.00 0.71 High
Mean 4.40 0.52 High

As illustrated in Table 2 the overall result was at a high level which indicates that
the graphical tutoring module is the most suitable module for students since they can
engage in the practice of graphical programming and gain a better understanding of its
methods. This is followed by the expert module with an adaptive function for correct-
ing responses to questions as well as being suitable for differing levels of student
intelligence. Finally, the evaluation module includes a process of evaluation of stu-
dents’ learning and achievement and embedded system efficiency.

Table 3. Mean and standard deviation relating to the suitability of intelligent graphical tutoring
system using the internet of things to develop the efficiency of embedded systems

Assessment Descriptions Level of Proficiency
x S.D. Result
Suitability for adding the IoT context to course content 4.80 0.45 | Very high
Suitability for employing graphical programming as a tool 4.40 0.45 | Very high
Embedded system efficiency 4.20 0.45 | High
Suitability for practical application 4.60 0.55 | Very high
Mean 4.50 0.50 | Very high

The data in Table 3 reveals that the overall result regarding the suitability of intel-
ligent graphical tutoring system using the IoT to develop the efficiency of embedded
systems is at a high level. It indicates that adding the IoT context to course content is
the most suitable method conforming to the modern-day role that IoT plays in our
connected lives and it leads to students learning new and appropriate skills. Secondly,
employing graphical programming as a tool is found to be difficult for students to
understand because it requires programs to be written in lines of code, whereas in
graphical programming, students can create command blocks instead.

5 Conclusion

The synthesis of intelligent graphical tutoring system using the IoT to develop effi-
ciency in embedded systems is summarized as follows:
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e The student module stores student information including their primary data, learn-
ing ability, learning effectiveness, learning improvement, study record and testing
record etc.

e The user interface is an intelligent tutoring system used for interacting with users
who can be teachers or learners by presenting educational media, learning activi-
ties, testing results, learning and teaching assessment results. The interface has el-
ements that are easy to access and convenient navigation.

e The graphical tutoring module is a learning and management environment which
uses graphical programming to allow students to create graphical programs without
lines of code.

e The knowledge module is a data store for the body of knowledge containing arti-
cles that provide learners with questions and task resolutions to suit their individual
needs. This module allows the sharing of educational materials and exams stored in
the database.

e The expert module is an innovative teaching approach that uses teaching strategies
adjusted to individual students’ needs involving real world teaching and learning
processes. It is also a central processing unit that supplements the intelligent tutor-
ing system and assesses learners on completion of given topics, and then provides
customized instructions to suit their needs.

e The evaluation module is an integral part of the learning achievement process and
assessment of the efficiency of the embedded system.

The graphical programming program is employed as a tool for microcontrollers or
for embedded system programming and enables the support of the IoT devices so that
students can create innovative ideas and develop embedded system efficiency.
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