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ABSTRACT

Deploying loT-based education can allow students to explore the
Received: 27 September 2021 environment using embedded sensors. They can access educational materials and other
Reviewed: 27 November 2021 information at any time. Teachers can also use wearable devices and smartphones in the
Revised: 26 January 2022 classroom to improve teaching and learning. Although new technologies such as smart schools,
Accepted: 30 January 2022 e-learning, e-learning content and smart classroom equipment have had a positive impact on

the process of teaching and conveying concepts to learners, they have not been able to meet
the challenges in this area well enough. Since the Internet of Things, in addition to using the

KEYWORDS: mentioned technologies through technology convergence such as cloud computing, massive
Internet of Things (10T) data, blockchain, smart phones, objects and classroom environment, etc. has a tremendous
Education effect on the education industry by creating new teaching and learning methods, developing
Best- worst Method the systems of monitoring and control and improving the decisions through data analysis, it is
Decision making argued that the IoT can empower the education sector to solve the problems and challenges it
Applications faces by providing practical solutions.

This research is an applied research in terms of purpose and it is based on mixed
methods research (qualitative- quantitative) considering how the data are collected. At the

" Corresponding author beginning of the research, the Meta-synthesis method was used to identify the applications of
L2 mohamadian@ut.ac.ir the 10T in education. In this method, 4638 articles were found, and after being reviewed, 490
® (+98912)2882488 articles were extracted among these 128 articles were used for the final analysis. Also, using

the questionnaire as a tool to prioritize the Internet of things applications in education, the
best-worst multi-criteria decision-making method was used.

m The findings showed that applications such as "Smart Campus" and "Student Health"
have the highest priorities, respectively. Applications such as "Education (Teaching) and
Learning", "Smart Class" and "Smart Tracking or Intelligent Transportation stsyem" were the
next priorities.

According to the findings, suggestions can be made to solve the problems of the
education industry. In the field of application, with the help of loT technology, there are
problems such as the limitation of education to one place and time, wasting class time due to
high density of people, lack of intelligence and high maintenance costs of educational centers,
lack of accurate monitoring of students' health and hygiene, and the inadequacy of educational
facilities for the physically disabled reducing the lack of smartness of the transportation system.
Education industry policymakers can also be advised to pay special attention to these areas,
given that the areas of "smart health monitoring", "smart energy" and "security" are more
important than other sub-applications and they should also pay attention to these special
sections. Also, action should be taken for public education and extensive publicity in
familiariing the society with smart products and IoT technology in order to increase user
acceptance and create demand. Among the limitations of the research, the limited number of
experts familiar with IoT technology in the country's education sector vcan be mentioned. It is
suggested to examine the relationships between applications and sub-applications and their
priority based on the feasibility and attractiveness of the indicators in the future research.
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Table 1: Setting the research question in the qualitative section
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Fig. 2: Classification of applications identified in the research
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Table 4: Criteria for two by two comparison
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Fig. 3: Percentage of frequency of main applications in research
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Table 6: Classification of applications and sub-applications along with themes
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In an loT project in one of the study rooms of a university building, with
the help of installed sensors, individual computers and existing
infrastructure (such as Wi-Fi access points) can predict the physical
conditions of the room such as noise level, lighting, the number of
people and their mobility. Moreover, a wall display to show the
feedback will also be installed to provide the necessary feedback.
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lev] [ 1LeyLLev][e€] A combination of IoT and machine learning mechanism is proposed to
predict indoor temperatures. Automatic prediction of the internal
[faldyvy] temperature of the building and automatic temperature adjustment
reduces the overall energy consumption of the building, and this, in
turn, leads to energy efficiency.
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RFID (Radio Frequency Identification) and NFC (Field Close

[7-] Communication) are two powerful IoT technologies that can be used to
simplify access control and improve university and school security. The
RFID access control system is used primarily for personnel identification
cards. When students enter the school, the system sends a short text
message informing the parents of their child's condition. Other uses
include a tracking system to prevent theft, support for entry and exit of
classroom doors, laboratories and other locations with Wi-Fi sensors
and locks, sending alerts to the student according to each person's
location, monitoring system Network video that can communicate with
alarm devices and send alerts to the police, fire stations and hospitals
in the event of an anomaly.
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Every resource in the training process can provide data about itself
using modern loT sensors and actuators (such as GPS and RFID
technology), which can help in preventing errors. Computer labs can be
effectively managed and activated only if the demand increases. It is
also possible for objects to interact with students with NFC or QR Code
tags. This technology can be used to manage the supply chain of goods
in schools, laboratories, stores, etc.
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Smart Library
Through the Internet of Things, new access to books can be managed

using smart tags or tags in the library. These tags are a combination of

cell phone, library card and other physical objects. The user can easily

and quickly access the books he needs anywhere.
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The design of the Internet of Things in the school or school buffet is such Supermarket

that with the help of NFC or QR Code image tags, the system of the store
shelves can be intelligently coordinated with the supply chain.
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the waste consumed on campus or school. Management
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In ]M%_;" Smart Board
There are certain loT products that can have a big impact on e-learning,
such as smart, high-end digital boards that, with the help of loT
equipment, inform the camera that it is in need of magnification. The
camera responds by position adjustment or the smart screen responds
to the data display by changing the background.
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In the smart chair system, the student identification card can be read
and adapted automatically using sensors and RFID tags. In addition,
class attendance time and early leave information can be analyzed. Smart Class
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Smart books are books that improve the quality of education with the
help of IoT technology. In smart books, next to the pictures or contents
of the book, a QR code is placed, which is identified by the reader
software in the mobile phone or any QR reader device, by connecting
to the Internet, the content of the book is recognized and for each QR,
the relevant content including the image, Video or any other
educational content is provided.
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Smartphones are used to implement automatic identification of
teachers and students. The teacher can also transfer learning media or
classroom content directly to students' smartphones. Students can then
interact with the media by drawing, editing, or adding comments using
their smartphone, and then play it back to reflect on their thinking.
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Using wearable technology such as smartwatches that connect to loT
equipment and are used for learning and teaching purposes can help
the learning process, especially in elementary school.
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Any portable device such as a laptop, tablet or smartphone that
provides access to educational content via wired or wireless connection
(Internet, 2G, 3G or 4G, WiFi, etc.) can be a tool for distance learning.
The ability to learn regardless of time and place, remote interaction
operations and the benefits of sharing data resources are features of
this application. With the help of face recognition sensors through
laptop cameras, it is possible to determine the amount of students'
fatigue while being taught by the teachers .
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Children with special needs can also benefit from the Internet of Things.
Specialized software can help students with specific problems. For
example, it can detect students with low vision or hearing loss and make
changes accordingly, such as increasing the size of the pen or more
visual cues. Moreover, in the application of a smart phone and a smart
cane, a blind student interacts with the mobile app using voice
commands. A blind student can instruct the mobile app to guide him or
her to his or her intended destination (eg, classroom). On the other
hand, the cane helps the blind student to avoid obstacles and warns him
when he iswalking along the path. Cane and mobile app are
synchronized via Bluetooth technology. The system communicates with

the user via voice command and can read the QR Code to identify the
current location.
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vyl yLyvsyldyysldyval With the help of IoT equipment, faces, eyes and eye position are filmed,
and the analysis of these activities can also show the instructor what the
el state of students' attention to the class is and, if necessary, visual
adjustments of speech must be improved. Parents can also access their
child's learning status via the Internet of Things.
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schools more simplify simple tasks such as attendance, alerts, fees and
students’ reporting, and can easily be automated which can greatly
reduce teachers' workload for lesson preparation. There are cases
where students are unaware of homework deadlines and tests that lead
to special points. To bridge this gap, the Internet of Things (loT) can be
used to provide relevant academic information to students. The teacher
can upload the assignments and deadlines that are retrieved by the
mobile phone when the student is within range of the device.
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With the help of smart phones, which are part of loT equipment, it is
possible to learn community-based learning based on the location of
students and teachers, so that in two-way interaction, teachers and
students can use the same high quality and low-cost educational
resources in different areas. This application can also help activities such
as group voting, supporting teamwork in projects, two-way interaction
between universities and companies which expands the learning space
and knowledge sharing.
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Smart devices to monitor students who are liable to high blood Smart Stress
pressure determine that the disorder can be caused by severe stress, Control
overweight conditions and a family history of high blood pressure.
Sodlpe slapiac ;5 e Bisn olyen Gl Sl (gl S 5 L
a5 lsiesn 1y (oSl ol e i LB S5l e g
Lol oyl 0,8 o il oK g gyion dlags Sodlie slapiu oy 9 cedle
Oylowr g oyl 5l e ilag slacadl e sloasly 5l slos i cinls o b olygelgmils
DLOVELD LD YLDy aiad (55918 al S oo Ll (ootee B 05 o Sl (6 Sty b 8.5 T
o N . 2 Wodigp &)U stydents Health
[velvoldlyyllsal. Al Ly iy 35ty W Sy (sl ladle 4 s T uaens e
. . Es S . S - - .o - & o wy\‘d
[vyldvaldaslly-aldhvel S et e
[yre] Sleslai ol 5 (S 0055 asld) 590l ,25ls BMI Sguge jskiieds diozee Monitoring

ailyy,) Slz ¥ g3lmissle jolaied dge 65 5l Goumdsy ol ws

LAl (8,15 sladiges 51 )55l ails
By combining smart computing technology with loT-based healthcare
systems, the responsive care system can be transformed into a leading
and preventive healthcare system. The Internet of Things plays an
important role in a wide range of health care programs, from patient
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monitoring to disease prevention. This technology has not only
improved access to higher quality health care, but also reduced the cost
of care. The use of a wrist-type wearable device to improve student’s
BMI (body mass index), and the use of a wrist-type wearable device to
normalize students' daily sleep patterns are practical examples.
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Demonstrating how the |oT core technology integrates with Student
Medical Records (EMR) so that each student can access their medical
records securely and easily at various medical centers on campus. Some
types of data to collect include the following: heart rate, brain signals,
temperature, sweating, eye movement and so on.
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Using 1oT technology, the bike sharing system is activated to borrow a
bike and use GPS to monitor the bike. Using this technology, the student
as a user can borrow a bicycle at the nearest terminal to the place he

lives with his student card, which already has an RFID tag on it. They can
also know which terminal to deliver the bike to the nearest destination.
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Typically, loT technology, specifically RFID, is used to track, locate, and
monitor buses, informing parents of the location of the service or their
own child. When a vehicle enters the UHF RFID Reader reading range,
the driver and vehicle information stored in the UHF Tag is read.
Subsequently, this information is sent to the information terminal via
the transmission network which can make a comparison by comparing
that data about vehicles and informing the control terminal.
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Using the concept of the Internet of Things, the project implemented
the design of a university parking sensor network in a university
environment. A mobile application with a special GUI (graphical user
interface) has been created using the Internet to display parking spaces.
This idea will save you more time and money, as well as help reduce
carbon emissions from vehicles and thus create a more sustainable
environment.
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Fig. 5: The use of the Internet of Things in the education industry from 2010 to 2020
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Table 7: Prioritize |oT applications and sub-applications in the education industry
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